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LO1 MO PAU

Tin hoc thong ké c6 nghia la sir dung tién bo tin hoc dé xir Iy cdc vin dé thong ké chuyén
nganh. Gido trinh nay tap trung cho xir 1y thong ké trong nghién ciru, thir nghiém, khao sit, ddnh
gid trong linh vuc 1am nghiép, quan Iy tai nguyén thi€n nhién, tai nguyén rung va moi truong rung;
trén co s lya chon va xtr 1y theo cdc chuong trinh théng ké trén mdy tinh thich hop, ¢6 hiéu qua.

Lam nghiép va quén 1y tai nguyén mdi trudng rung la mdt nganh, ma trong d6 cac nghién ctru
thuc nghiém, thong ké dugc str dung hiu nhu hoan toan. Thong ké trong nganh nay dugc sir dung
bao gom riit mau, phan tich dic diém va phan bd clia mau, xac dinh dung lugng miu can thiét; so
sanh cdc thi nghiém, thir nghiém tir mot cong thirc, nhin t6 dén nhiéu cong thirc, da nhan td; mo
phong céc quy luat phin bd ctia cd thé, quan thé loai trong 1Am phan, h¢ sinh thai; m6 hinh héa cic
mdi tuong quan sinh hoc gitta cdc nhan td diéu tra c4 thé, lam phan, hé sinh théi rimg; xdc dinh
kiéu dang phan bd trén mat dat rimg cta cdy rimg; woc lwong s6 cé thé, bay dan trong nghién ciru
da dang sinh hoc; nghién ctru cdc mbi quan hé phirc tap giita bién phy thuc va nhiéu bién anh
huong, méi quan hé qua lai va anh hudng téng hop ciia chiing dén bién phy thudc; nghién ctru céc
mdi quan hé nhin qua trong hé sinh thdi va giita cdc yéu t6 ctia hé sinh théi véi cic yéu to cia hé
xa hoi nhan vin; thong ké con dugc sir dung dé danh gia tic dong méi trudng, thim dinh chéo céc
mb hinh, tham dinh cic quy luat dugc mé phong.

Nhur vy c6 thé thiy, nghién ctru thyc nghiém 1am nghiép, quan 1y tai nguyén mdi trudng rimng
4p dung thng ké tin hoc v6 ciing phong phi, da dang va mang lai cic két qua hét stic c6 ¥ nghia. it
tim thay dugc mot khao sat, danh gid, thir nghiém, nghién ciru nio trong 14m nghiép ma khong thé
4p dung thong ké hodc khong dp dung thong ké dé rit ra két luan khach quan, ¢6 co sé khoa hoc va
thuc té.

Gido trinh nay khong di sau vao 1y thuyét todn x4c suét thong k&, ma tap trung vao giai quyét
céc van dé thong ké dugc dit ra trong thyc té nghién ciru, thir nghiém ciia nganh 14m nghiép; trén
co s6 ng dung mét cch tong hop cdc chuong trinh thong ké nhu: phan mém ma ngudn mé R, céc
chuong trinh thdng ké chuyén nghiép nhu Statgraphics, SPSS va ca don gian, ph6 bién 5 nhu Ia
Excel.

Gido trinh g(‘Sm: 8 chuong va phu luc véi 14 bd dir 1iéu thyc hanh toan b cc ndi dung xtr ly
thong ké trén mdy tinh:

Chuong 1: Tong quan vé g dung tin hoc thong ké trong 1am nghiép;

Chuong 2: Khoa hoc riit miu théng ké va thiét ké cic thir nghiém 14m nghiép;

Chuong 3: Tin hoc thong ké mé ta va kiém tra phan bd chuan, dung luong ctia mau;

Chuong 4: Tin hoc thong ké so sanh;

Chuong 5: Tin hoc thong ké trong phan tich phuong sai;

Chuong 6: Tin hoc trong tng dung tiéu chuan phi tham sd dé so sanh cdc miu quan st doc
lap hoac c6 lién h¢;



Chuong 7: Tin hoc trng dung trong mo hinh héa ring;
Chuong 8: Tin hoc thong ké chuyén dé.

Trong do6, dbi voi dao tao sau Pai hoc, c6 thé su dung toan by ndi dung dé gidi thiéu c6 hé
thong, nhung tap trung vao cdc chuong ning cao nhu chuong 1, 2, 7 va 8. O béac Pai hoc gidi thiéu
toan b ndi dung c6 tinh hé¢ théng nhung gidi han: i) Stir dung phan mém Excel hodc Statgraphics
hodc SPSS; ii) Chuong 7 chi gi6i han trong md hinh héa theo ham tuyén tinh, hodc tuyén tinh héa
4p dung phuong phép binh phwong tdi thiéu va chuong 8 chi 1a Iya chon nham ning cao.

Vi kinh nghiém thyc té ciia minh, tic gia c6 ging diic két tat ca nhitng két qua nghién ciru vé
{mg dung thong ké tin hoc trong nganh 14m nghiép va quan 1y tai nguyén, moi truong rimg dé minh
hoa trong gido trinh. Cudn sich nay khong phai la 1y thuyét thong ké; ma né dugc viét, trinh bay,
thao luan theo cdc chu dé, xu hudng, nhu cau 4p dung trong thyc tién ca cho nghién ciru, thyc
nghiém va bb tri san xuat thir trong thyc té; theo chidu hudng tir don gian dén phirc tap va dic biét
1a lya chon dé ung dung cong nghé tin hoc trong xt ly di li¢u va dua ra két luan khach quan, c6 do
tin cay.

Hy vong cudn sich nay sé& gitip cho nguoi doc ¢6 thém tai liéu dé 4p dung va phat trién tng
dung cong nghé thong tin, tin hoc trong phén tich, xir 1y théng ké da dang trong nganh 1am nghiép,
quan ly tai nguyén mdi trudng rung.

Thanh phé Corvallis, Bang Oregon, USA,
Ngay 18 thang 04 nam 2016
Bao Huy
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Chuong 1

TONG QUAN VE UNG DUNG TIN HQC
THONG KE TRONG LAM NGHIEP

1.1 Phwong phap luan vé tin hoc théng ké trong nghién ciru khoa hoc
lam nghiép

Khéi quat vé phuong phap ludn trong tiép can tng dung tin hoc thong ké trong 1Am nghiép,
quan 1y tai nguyén va mdi truong rimg duge Vanclay (1994), Nguyén Hai Tudt, (1982), Jayaraman
(1999), Twery, (2004) khai quat va dugc tong hop lai sau ddy la mét tham khao tot cho kién thic
tong quét vé 4p dung khoa hoc thong ké tin hoc trong 14m nghiép. Gidng nhu cdc nganh khoa hoc
khic, nghién ciru 1dm nghiép ciing dya trén phuong phéap khoa hoc pho bién 1a tiép can quy nap —
suy dién. Trong 1dm nghiép cdc quy luat ty nhién dugc quan sét va phét hién ra cdc quy luét trén co
s& quy nap theo cdc quy ludt phan b, twong quan; dong thoi véi mot ddi twong rong 16n 1a rimeg,
trong diu tra ddnh gi4 tai nguyén chiing ta khong thé do dém toan bo c4 thé, do d6 phuong phap
riit mau va udc lugng thong ké — suy dién cho tong thé rong 16n hon véi mot d6 tin cdy cho trude.
Ca hai truong hgp nay déu can ding dén cc phuong phap thong ké tir riit miu, dén tinh toan céc
dic diém ciia miu, wéc lugng bién dong, md phong quy luat phin bd, twong quan va cudi ciing 1a
tham dinh d9 tin cdy cta viéc quy nap — suy dién.

Phuong phap théng ké luén lién quan dén kiém dinh mot gia thuyét dat ra (Nguyén Hai Tuit,
1982), vi du qua quan sat thay rang cic cdy trong & ranh gidi thuong tot hon céc cdy bén trong, nhu
vy & day gia thuyét ring cic ciy bén ngoai thu dugc nhiéu dnh sang hon & cic hudng bén ngoai,
va ltc nay can do dém s6 liéu sinh truéng cdy trong va ngoai dé tir 6 sir dung thong ké danh gia,
tham dinh gia thuyét. O ddy con nhiéu vi du khdc nhu 1a gia thuyét bén phan s& t6t hon cho ciy
trong, mat do trong khic nhau sé cho sinh trudng khac nhau,... tir &6 can thu thap mau va tinh todn
thong ké dé khing dinh hay phu nhén gia thuyét.

Hai dic diém chinh ciia phuong phdp khoa hoc thong ké 12 Idp lai va khich quan. Céc thi
nghiém khi lap di 1ap lai trong diéu kién twong ty khong mang lai két qua gidng nhau, vi phai chiu
su bién dong tinh chat ngdu nhién. Po lap lai cdc ciy rimg trong ciing tudi, cing ngudn giéng, gien
nhung chic chan sé& cho gid tri sai khic boi tdc dong ngau nhién. Vi vay, can c6 do thi nghiém, do
dém, diéu tra thu thap s6 liéu ldp lai di 16n dé bao dam phan anh ding ddi tugng quan sat, thi
nghiém; trong théng ké goi 1a rut mau lap lai voi mét do tin cly hodc sai s6 cho trudce. Cac khoa
hoc théng ké 1a hiru ich trong khach quan lya chon mot mau, b tri thi nghiém nhim bao dam rang
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dir liéu thu dugc c6 c6 sai s6 tir bién dong ngiu nhién, khong phai do cdc yéu té khong kiém sodt
dugc chi phdi.

Hai khia canh thyc té chinh ctia nghién ciru khoa hoc thong ké 1a tap hop céc dit lidu va giai
thich cac dit li€u thu thap dugc. Cac dir li€u thu thap dugc cd dong va thdng tin hitu ich chiét xuat
thong qua k¥ thuat ctia suy luan thong ké. Dic biét trong giai doan vira qua véi sy phét trién manh
mé clia tin hoc va mdy tinh da 1am thay ddi cdc nghién ciru 1dm nghiép truyén thong. Cic nghién
ctru mo phong, quy nap, mo hinh hda la dac biét hitu ich va c6 gia tri trong quan ly tai nguyén thién
nhién, vi né thay cho cdc thi nghiém quy mé I16n tén kém va mit nhiéu thoi gian. M6 hinh todn
thong ké trén co s tng dung tin hoc 12 mét chii dé ngay cang duoc dp dung rong rai, khong chi dé
phan anh cdc mdi quan h¢ hinh thi nhur duong kinh — chiéu cao cAy ma con chi ra sy tic dong qua
lai phtrc tap ciia cdc thanh phan bén trong hé sinh thdi rimg va anh hudng ciia céc nhan t6 chii dao
bén trong va ngoai hé sinh thai rimg dén dong thii, sinh trudng, phét trién rimg (Twery, 2004;
Vanclay, 1994).

Ly thuyét thong ké ciia cdc cudc didu tra dya trén ldy miu ngau nhién, tir d6 so sanh cdc quan
thé khdc nhau, nghién cuu vé sy phan bé mod hinh cua sinh vat hoac cho viéc tim kiém cdc mbi
quan hé gilra cic bién sb. Cdc nghién ctru khoa hoc nhu sinh théi rirng va sinh hoc dong thyuc vat
hoang di néi chung 1a thudc vé thé loai nay (Twery, 2004).

Theo cdc thir nghiém I1dm sinh trong trong rimg va vudn wom va thir nghiém trong phong thi
nghiém 1a nhitng vi du dién hinh céc thi nghiém vé 1am nghiép. Cac thi nghiém nay nham phuc vu
kiém tra mot hay nhiéu gia thuyét trong diéu kién kiém sot cdc yéu té khic. Cic nguyén tic co ban
ctia thi nghiém 1 ngau nhién, 1ap lai va c6 kiém sodt cdc nhan td anh hudng la nhitng diéu kién tién
quyét dé c6 udc tinh phit hgp va giam sai so.

Thtr nghiém trén cic trang thdi cia mot hé théng véi mot md hinh theo thoi gian dugc goi 1a
md phong. Cic mdi twvong quan giita cdc yéu té ciia mot hé thong sinh théi rimg 12 ¢6 thé dién ta
qua phuong trinh toan hoc va do d6 tinh trang clia h¢ thong trong diéu kién thay thé 1a c6 thé dy
dodn qua cdc md hinh toan hoc. Pay 1a mot linh vyc khoa hoc con rat moi mé, duoc ap dung rat it
trong nudc, tuy nhién lai rat hitu ich trong quan 1y tai nguyén canh quan sinh thdi rimg, vi vay cin
quan tAm thic day, t6 chirc nhiéu hon cc nghién ctru.

Cubi ciing (Jayaraman, 1999; Twery, 2004) cho thiy nghién ctru lién quan dén rimg c6 tir cip
d6 phan tir cho dén toan bo sinh quyén. Cac nghién ciru tir nhé dén 16n déu hoan toan c6 thé dp
dung thong ké dé tham dinh gia thuyét, mo phong céc quy luat ctia hé thong sinh thai tir don gidn
dén phuc tap. Cac dit lidu dau vao dé xur 1y chii yéu thu dugc tir cic phuong phép diéu tra, thi
nghiém. Khung logic ctia cich tiép can khoa hoc va nhitng suy luan théng ké ngay nay cé thé
khong khéc nhiéu so véi truyén thong, tuy nhién sy phdi hop giita khoa hoc thdng ké 14m nghiép
voi tién bo tin hoc ¢ md ra nhitng hudng nghién ctru méi, ¢ gid tri, c6 tam bao quit rong gitp
cho viéc xir Iy, quan 1y c4c hé thng sinh thdi rimg theo hudng bén viing.

1.2 Co s& dé két luan théng ké l1am nghiép

Théng ké duge 4p dung dya vao mot s co s& nén tang chi yéu nhu 1a: Xdc suit thong ke,
phan bd tan sb, so sanh trung binh, phuong sai, cdc mbi quan hé. Céc két luan thong ké dya trén
kiém dinh cic gia thuyét nhim danh gia sy sai khic giira cic trung binh, giita cdc phuong sai —
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phén tich phuong sai, ddnh gia sai khac vé ty 1¢, d4nh gia do tin cdy ciia cdc mo hinh tuong quan —
hoi quy, thim dinh sy phit hop ciia cdc md hinh toan (Twery, 2004; Jayaraman, 1999). Tat ci cic
két luan thdng ké 1 dwa vao gia thuyét cho trudc va két qua kiém dinh gia thuyét d6 dya vao phan
tich dit liéu quan sat va so sanh véi gid tri ciia phan b xdc suét 1y thuyét véi sai s6 hodc d9 tin cay
cho trude.

Theo (Jayaraman, 1999; Nguyén Hai Tuat, 1982) thi c4c budc chung lién quan dén kiém dinh
gia thuyét thir nghiém nhur sau: (i) Néu 1én gia thuyét bang khong (Ho - Null hypothesis); (i) Lua
chon mét tidu chuan théng ké lién quan dé kiém tra gia thuyét Hy; (iii) Xé4c dinh mirc y nghia va
kich thudc miu; (iv) Phian bé miu; (v) Xdc dinh pham vi gid tri thong ké& dé bac bo Hy; (vi) Tinh
todn gi tri theo tiéu chuan thong ké da lya chon va kiém tra véi gid tri 1y thuyét dé c6 két luan
thong keé.

i) Gia thuyét Hy: Pay la gia thuyét khong c6 sy khic biét. Vi du so sanh hai hay nhiéu trung
binh sinh trudng dudng kinh clia cdc rimg c6 nguon gbc gidng khac nhau; gia thuyét Hy lic nay Ia
chura ¢6 sy khdc biét giita cdc trung binh py, 5 ... i, hay néi khic céc trung binh 13 gin nhu nhau
va c6 nghia 1a ngudn gbc khac nhau chua c6 sy khac biét 16 rét vé duong kinh cdy trong rimg.
Cong thitrc cua Hy nhu sau:

Trudng hop so sdnh hai s6 trung binh thi H,, s& la:

_ _ _ _ 1.1
Ho: [y = [i; hay Ho:fi; — i, =0 (1)
Trudng hop so sdnh nhiéu s6 trung binh, thi H, s¢ la:

L _ (1.2)
Ho= ;= fi =" =},

Gia thuyét Hy con c6 thé hiéu la gia dinh 1 hai trung binh hogc nhiéu trung binh bang nhau,
hodc hai hodc nhiéu phan bd tan s6 1a ciing quy luat. C6 nghia 1a khi chiing ta mudn so sanh sy
khic biét, thi gia thuyét Hy duoc sir dung dé ddi nghich véi gia thuyét H,. Gia thuyét H, chi ra c6

su khic biét r0 rét gitra cac trung binh so sdnh theo cic cong thirc sau:

Trudng hop so sdnh hai s6 trung binh thi H; s& la:

Hy: i # fp hay Hy:py — B, #0 (1-3)

Trudng hop so sanh nhiéu sd trung binh, thi gia thuyét H, s& 1a c6 sy khdc biét it nhat cta hai
sO trung binh bét ky i va j trong ddy s6 trung binh so sanh:

— = — _ 1.4
Hy: pi# py hay Hy: iy — i #0 (1.4)

Nhur vy khi so sanh gia thuyét H, s& dugc chap nhén (tirc 1a c6 sy sai khic) néu gia thuyét H
bi tir chéi.

it) Lua chon mot tiéu chudn tho”'ng ké dé kiém tra H,: Tiéu chuin théng ké dé kiém tra rat da
dang, tiy thudc vao H,, s6 miu, cong thirc, nhin tb so sinh va phuong phép ciing nhu s6 lugng
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mau thu thap dugc. Vi du kiém tra su sai khic cta hai dén nhiéu trung binh mau véi dung lugng
quan sit ngiu nhién, du 16n dé phan bé miu tiém can chuan thi Iic nay cic tiéu chuan thong ké
tham s6 nhu t, U, phan tich phuong sai theo tiéu chuan F (ANOVA: Analysis of Variances) duoc
4p dung; nguoc lai miu chua dil 16n hodc chwa bao dam c6 phan bd chuén thi cdc tiéu chuan phi
tham s6 c6 thé duoc str dung. Danh gia hé s6 tuong quan, xdc dinh va tiéu chuan F, so sanh hai
hodc nhiéu day phan bd tan s bang tiéu chuan x>,

iii) Xdc dinh mikc ¥ nghia thong ké va dung lrong mau: Khi gia thuyét Hy va tiéu chuan thong
ké da dugc lya chon, muc y nghia théng ké (o) va dung lugng mau can dugc xédc dinh. Mirc ¥ nghia
thong ké o diing dé ra quyét dinh chap nhan hay béc bo gia thuyét Hy. Mirc o thuong duoc dp dung
1a 0.05 hodc 0.01 Gng voi d9 tin cdy 95% hoac 90%. Néu murc xdc suét tinh todn thong qua dir liéu
quan sit c6 Py, < o thi két ludn 1a bac bo H,, hay néi khic chap nhan gia thuyét H; 1a hai hodc
nhiéu miu, diy phan bd quan sat c6 sy khac biét ro rét. Trén co s& mirc ¥ nghia a, tinh todn duoc
dung lwgng miu cn quan sét, bo tri thi nghiém dé phan b mau tiém cin chuan va c6 thé dp dung
céc tiéu chuan thong ké tham sd. Tuy nhién trong thuc té mot sd diéu tra hodc thi nghiém khong thé
thu thap hodc bd tri thi nghiém dii 16n vi lién quan dén ngudn lyc, thoi gian c6 han; Iic nay céc tiéu
chuan phi tham s6 can dugc dp dung va dung lwong miy thu thap, thi nghiém ciing can tuan theo
yéu cau cua céc tiéu chuan nay.

iv) Chon dang phdn bé mau, mé hinh todn quan hé: Mot khi da lya chon tiéu chuan thong ké
dé kiém tra H,, tiép theo 12 xdc dinh dang phén bd ctia miu. Hay né khéc 1a dé kiém tra xem hai
hodc nhiéu diy phan bd c6 cliing chung mot tong thé (chdp nhan H,). Vi du phin bd 1y thuyét
Weibull dugc lya chon dé kiém dinh gia thuyét 1a phan bd N/DBH c6 thé tuan theo quy luat nay,
tirc 12 Hy duoc chdp nhén; lic nay tiéu chudn % c6 thé duoc 4p dung. Hay mdi quan hé giira sinh
khdi va carbon ciy rimg véi cdc nhan td diéu tra cAy nhu DBH, H, khéi lugng thé tich gb (WD,
g/cm’) tuan theo ham mil power, lic ngay tiéu chuan F ding dé kiém tra hé sé xdc dinh R hodc
tiéu chuan phi tham s6, hodc tiéu chuan y* dugc dp dung dé kiém tra phin b gia tri 1y thuyét so véi
quan sét ¢6 tuin theo mo hinh todn hay khong?

v) Xdc dinh pham vi gid tri thong ké dé bdc bé H,: Gid tri x4c suat Iya chon dé bac bo gia
thuyét Ho 12 0. Néu gid tri xdc suat ctia dir liéu quan sat, thuc nghiém 1a P, < o thi gia thuyét H
bi bac bo, hay néi khic chdp nhan gia thuyét nguoc lai 1a H,: Cac trung binh, cic diy phan bd, cic
day dir liéu u6c lugng qua mé hinh todn, phin b, ... ¢6 sy sai khdc nhau ro rét hay khong ciing mot
tong thé. Nhu vay gid tri o xdc dinh trudc quyét dinh dén viéc chip nhan hay bic bo Ho. Thong
thuong dbi voi céc nganh ky thuat doi hoéi do chinh xac cao thi a = 0.01 (1%), mic trung binh
thuong 4p dung trong 1dm nghiép thi a = 0.05 (5%) va trong truong hgp nghién ctru cic mdi quan
h¢ sinh thdi, xa hdi phirc tap, chua r0 rang thi cé thé chép nhan o = 0.10 (10%).

iv) Két ludn thong ké: Két luan théng ké dugc xdc dinh thong qua pham vi gid tri thong ké dé
béc bo H, néi trén. Trong thyc té thi con can phan biét khi so sanh theo mot (one tail) hay hai chiéu
(two tails). So sanh mot chiéu c6 nghia 1a cic so sanh trung binh hodc phan b miu theo hudng 16n
hon hogc nho thua mau khac hay 1y thuyét. So sdnh hai chiéu 1a khong quan tdm dén cdc mau phai
16n hay nho thua nhau ma chi quan tim chiing c6 dong nhat hay khong (chap nhan H,) hay thyc sy
sai khac (chdp nhan H)).

14



Hinh 1.1 chi ra ring cing voi ¥ nghia thong ké o = 5%, thi kiém tra sai khdc theo mot chiéu
6 viing béac bo H, vé mot phia (phai hay trai), v6i gia tri thong ké vi du 1a t > 1.645; trong khi d6
kiém tra hai chiéu c6 ving bac bo H, nim vé ca hai phia ciia phan b6 xdc suat, vi du lic nay
t<-1.96 hoac t >+ 1.96.

5%

1
i
i

1] 1.645 -1.96 1.96
(a) One-tailed test (h) Two-tailed test

Hinh 1.1. Viing bac bd gia thuyét Ho v&i mirc y nghia thdng ké o = 5%. (a) Kiém tra theo mét chiéu va
(b) Kiém tra theo hai chiéu (Nguon: Jayaraman, 1999)

1.3 Gi&i thiéu cac chwong trinh xtr ly théng ké

1.3.1 Chwong trinh ma nguén mé R

Chuong trinh R 1a mot chwong trinh mi ngudn md, do vay mién phi va nguoi sir dung c6 thé
trao d6i phat trién cdc tmg dung. Ngay ca nudc phat trién khoa hoc thdng ké tng dung manh nhit
nhur Hoa Ky, noi da san xuat hang loat cdc phan mém thong ké chuyén nghiép, thi cic nha khoa
hoc ciing wa diing R. Ly do dau tién 1a khong c¢6 chi phi, thuan tién trong dao tao, gitip ngudi hoc
giam chi phi mua phan mém; nhung 1y do siu xa nhat 1a n6 cho phép ngudi st dung tu do mé rong
céc umg dung, trinh bay cic két qua, do thi, biéu do theo mong mudn, khong bi déng khung nhu céc
phian mém chuyén nghiép.

R c6 kha ning 4p dung cho toan bd cdc van dé thong ké tmg dung, ma con c6 kha ning lién
két voi hé thong thong tin dia 1y (GIS), xir Iy anh vién tham. C6 thé néi sir dung R trong thong ké 1a
chuyén nghiép hon ci cdc phin mém chuyén nghiép hién cé.

R 132 mot phan mém ty do, mi ngudn mé, dugc déng gép boi nhidu nguodi tham gia (R-Core-
Team, 2015). R 1a mdt ngdn ngit 1ap trinh va mdi truong phan mém danh cho tinh todn va d6 hoa
thong ké. Pén nay R do Core Team chiu trdch nhiém phat trién. Tén ciia chuong trinh nay mot
phan lay tir chit cdi dau cta hai tic gid (Robert Gentleman va Ross Ihaka). Ngon ngit R di tro
thanh mét tiéu chuan dé tmg dung thong ké va duoc sir dung rong rii dé phat trién phin mém thong
k& va phén tich dir liéu. R c6 cac phién ban dich san cho nhiéu hé diéu hanh khéc nhau. R sir dung
giao dién dong 1énh, tuy ciing c6 mot vai giao dién d6 hoa ngudi diing danh cho né (Wikipedia,
2015). Trong tai liéu nay gi6i thiéu tmg dung R Studio, vi vay trudc hét can cai dat R, sau d6 cai
tiép tuc R Studio. Cdc chuong trinh nay tai mién phi tir web site ctia R: https://www.r-project.org/
va R Studio: https://www.rstudio.conv/. Sau cai dat, khoi dong R s€ ¢ giao dién nhu Hinh 1.2.

Khi bit dau hoic dinh ky, can kiém tra dé cap nhat duogc cac gbi chuong trinh cho Core Team
va nguoi ding phat trién nhu sau:
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URStud\c
File Edit Code View Plots Session Build Debug Tools Help

el-lar- " Import Dataset ’ - Cap nhat cdc goéi chuong trinh
@] sript for validation in SCC newz.R Install Packages... .
| Dspasen |9 2- e —— (Packages): Tool/Check for Packages
203 Seonine(eox-1.5 aee(x-0en,  Version Control + | Updates
294 ine (s .5,ae5(x=DBH
eeixpen,  Shell. . A ~ 1.4
296 35 1 A . - Cai dat mot Package da bict:
297 theme(legend. title=element_k
225 Keyboard shorteuts Help — altsshiftek | T'opl/Install Packages... Nhap tén cua

300 # Model with DBH + WD variables: Madify Keyboard Shortcuts..
301 p2 <- ggplot(w) R

302 p2 <- p2 + geom_point(pch=19, cex=4, aes Project Options...

303 p2 <- p2 + geom_line(cex=1.5,aes(x=DBH/
304 p2 <- p2 + geom_line(cex=1.5,aes(x=DBH/

chuong trinh.

Global Options..

€ Rstudio - O X
File Edit Code View Plots Session Build Debug Tools Help
Q- - | Addins ~ &) project: (None) ~

{37 Script for validation in SCC new2 R Environment  History

Source on Save | Q /- ~#Run | ®% | _“source ~ [ & To Console @70 Source | @] &
295 pl <- pl + geom_line(cex=1.5,aes(x=DBH, y=t$IPCC_2003, Tinetype = " , p3 <- p3 + geom_Tine(cex=1.5,aes(x=DBH2HWD, y=t$eqlO, Tinetyp.. A
296 pl <- pl + xTab("DBH (cm)") + ylab("AGB (kg)") + theme_bw() p3 <- p3 + geom_line(cex=1.5,aes(x=DBH2HWD, y=t$ChaveII_2014,..
297 pl <- pl + theme(legend.title=element_blank()) p3 <- p3 + geom_line(cex=1.5,aes(x=DBH2HWD, y=t$eqll, Tlinetyp..
298 pl p3 <- p3 + x1ab("DBH2HWD (kgD") + ylab("AGB (kg)") + theme_bw..
299 p3 <- p3 + theme(legend.title=element_blank())
300 # Model with DBH + WD variables: p3
301 p2 <- ggplot(t) p2 <- ggplot(t)

302 p2 <= p2 + geompoint(pch=19, cex=4,aes(x=DBH/2.47"WD, y=AGB)) p2 <- p2 + geom_point(pch=19, cex=4,aes(x=DBHA2.47*WD, y=AGB))

303 p2 <- p2 + geom_line(cex=1.5,aes(x=DBHA2.47*WD, y=tSeq9,linetype = : _ —DRHA _ A

304 p2 <- p2 + geom_line(cex=1.5,aes(x=DBHA2.4 D,y=t$ChaveI_2005, 1in p2 <- p2 + geom_'l'!ne(cex—l.5,aesCX—DBH 2'47“_WD' y=tSeq9,Tinet..
305 p2 <- p2 + x1ab("DBHA2.47*WD") + ylab("AGB (kg)") + theme_bw() p2 <- p2 + geom_line(cex=1.5,aes(x=DBHA2.47*WD,y=t$ChaveI_200..
306 p2 <- p2 + theme(legend.title=element_blank()) p2 <- p2 + x1ab("DBHA2.47*WD") + ylab("AGB (kg)") + theme_bw()
307 p2 p2 <- p2 + theme(legend.title=element_blank())
308 p2 v
309 # Models with DBH + H + WD + CA|
310 p3 <- ggplot(t) Files Plots Packages Help Viewer
311 p3 <- p3 + geom_point(pch=19, cex=4,aes(x=DBH2HWD, y=AGB)) D ’ s "
312 nR o- n2 i nanm Tinarrav—1 [ aacv—NRLLWN  u—tGamin  Tinatwna — UT = £ z00m | Eeport~ | @ 2 % publish
13 < >

309:32 | (Top Level) R Script

Console

> p3 <- ggplot(t) n

> p3 <- p3 + geom_point(pch=19, cex=4,aes(x=DBH2HWD, y=AGB))

> p3 <- p3 + geom_line(cex=1.5,aes(x=DBH2HWD, y=t$eqlO, linetype = "This 4000+

study: Eq. (10)™))
> p3 <- p3 + geom_line(cex=1.5,aes(x=DBH2HWD, y=t$ChaveII_2014, linetype

= "Chave et al. (2014)")) S
> p3 <- p3 + geom_line(cex=1.5,aes(x=DBH2HWD, y=t$eqll, Tinetype = "This < = Chave et al. (2005)
study: Eq. (11" )) m

> p3 <- p3 + xTab("DBH2HWD (kg)') + ylab("AGB (kg)") + theme_bw() (S} ™= ! This study: Eq. (9)
> p3 <- p3 + theme(legend.title=element_blank()) <20007

> p3

> p2 <- ggplot(t)

> p2 <- p2 + geom_point(pch=19, cex=4,aes(X=DBHA2.47*WD, y=AGB))

> p2 <- p2 + geom_line(cex=1.5,aes(x=DBHA2.47*WD, y=t$eq9,linetype = "Thi

s study: Eq. (9)™)

> p2 <= p2 + geom_line(cex=1.5,aes(x=DBHAZ.47%WD,y=t$ChaveI_2005, Tinetyp

e = "Chave et al. (2005)"))

> p2 <- p2 + x1ab("DBHAZ2.47*wD") + ylab("AGB (kg)") + theme_bw() 0+

> p2 <- p2 + theme(legend.title=element_blank()) T T T ' '

> p2 0 5000 10000 15000 20000

> v DBH"2.47"WD

Hinh 1.2. Giao dién chwong trinh R Studio

Gom 4 cira s6: Trén trai: noi viét cic dong 1énh, chwong trinh; dudi trdi: noi xuét ra cic két
quéa xtr 1y thong ké; trén phai: ghi lai lich sir thuc hién cdc 1énh; dudi phai: ¢6 cdc tuy chon nhu
xuét ra do thi (Plot), thu muc, file, cédc g6i chuong trinh da c6 trong R (Packages), huéng dan
(Help) dya vao Search.

Dir liéu dau vao cho R dé thudn tién thuong dugc nhdp trong Excel dudi dang file: *.txt.
Trong R viét cdc 1énh dé chi duong dan, thu myc va tén file nhu sau:

Céc dong Iénh R dé chi dwong din, thu muc va file dir liéu dang *.txt:
# Xo6a bo nho:

rm(list=Is())

# X6a cdc do thi:

dev.off()
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# Chi duong dan dén dir liéu (thay \ bang / str dung Edit/Find):

setwd("I:/1 - Bao Huy USA 2015 - 2016/1 - OSU Professional/Article for Region/Data/New
arrangement")

# Nhip file dir li¢u dang *.txt:
t <- read.table("t_va.txt", header=T,sep="\t",stringsAsFactors = FALSE)

Dé chép két qua xir 1y thong ké, chi quét chudt va kich chudt phai dé chon copy, sau d6 dan
(Paste) vao van ban.

B! Plot Zoom - O X

Dé chép db thi trong R, trong ciia sd
kich vao ndt Zoom dé md cira s d6 thi
riéng, sau d6 kich chudt phai dé copy va
— |Chave et . (2005) paste vao noi thich hgp.

= * This study: Eq. (3)

0 5000 10000 15000 20000
DBH"2.47*WD

1.3.2 Chwong trinh Statgraphics

Pay la mot phan mém xur 1y thong ké chuyén nghiép, bao gdom hiu hét cic ndi dung phan
tich thong ké g dung. Bao gdm céc xir Iy chinh:

- Tao 1ap co s& dir liéu dudi dang bang tinh
- Tinh todn cdc dic trung mau, vé so dd, do thi quan h¢, dd thi phéan bb miu

- So sanh hai hay nhiéu mau bang cic tiéu chuan thong ké t, U, F va nhiéu tiéu chuan phi tham
s6 khdc.

- Phéan tich phuong sai ANOVA.
- Kiém tra tinh chuén cua dir liéu va ddi bién sd.

- Thiét 1ap cdc md hinh hdi quy tuyén tinh hay phi tuyén tinh tir mot cho dén nhiéu 16p, t6 hop
bién, c6 trong sb. V6i cdch xir ly da dang dé chon Iya duoc cdc bién anh hudng dén mot hau qua
(bién phu thudc).

Chi tiét vé 4p dung Statgraphics tham khao trong tai liéu huéng dan (StatPoint-Inc, 2005).

Giao dién chinh ciia Statgraphics nhu ¢ Hinh 1.3, trong d6 c6 dong Menu chinh nhur cdc phan
mém thong thudng, bén dudi 1a cic cira s6 bao gom dir lidu, cdc két qua xi ly.
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&2 STATGRAPHICS Centurion - Untitled StatFolio

File Edit Define Measure Analyze Improve Control Forecast SnapStats! Tools

~

=

View Window Help

EEYBLETREENEL(OL 2@

ﬁ DataBook
’ StatAdvisor
EE StatGall

StatReporter

(=4

M s 2 EL 2 Label

. StatFolio Comments

{et qua trung gian su dung Final\So

PH Cap pH Ma pH So Day dat Cap day dat Ma day dat Ma Ngap nuoc Do -
1 6.7 6.0 - 7.0 |2 2 30-50cm 2 1 10
2 6.7 6.0 - 7.0 |2 2 30-50cm 2 1 10
3 6.7 6.0 - 7.0 |2 2 30-50cm 2 1 10
4 6.7 6.0 - 7.0 |2 2 30-50cm 2 1 10
5 6.7 6.0 - 7.0 |2 2 30-50cm 2 1 10
6 6.7 6.0 - 7.0 |2 2 30-50cm 2 1 10
7 6.7 6.0 - 7.0 |2 2 30-50cm 2 1 10
8 |[6.7 6.0 - 7.0 |2 2 30-50cm 2 1 10
9 6.7 6.0 - 7.0 |2 2 30-50cm 2 1 10
10 6.7 6.0 - 7.0 |2 2 30-50cm 2 1 10
1 [6.7 6.0 - 7.0 |2 2 30-50cm 2 1 10
12 6.7 6.0 - 7.0 |2 2 30-50cm 2 1 10
13 6.7 6.0 - 7.0 |2 2 30-50cm 2 1 10
14 6.7 6.0 - 7.0 |2 2 30-50cm 2 1 10
15 6.7 6.0 - 7.0 |2 2 30-50cm 2 1 10
16 6.7 6.0 - 7.0 |2 2 30-50cm 2 1 10
17 6.7 6.0 - 7.0 |2 2 30-50cm 2 1 10

18 6.7 6.0 - 7.0 |2 2 30-50cm 2 1 10 =

1| 4[> m] Saliew2014 -2013Final12 /B C/ D ESF/ G RIS 1d | _>|_|

Hinh 1.3. Giao dién chinh cua Statgraphics

Trong Statgraphics Centurion, s6 liéu dau vao c6 thé dugc nhap truc tiép trong ctra s¢ bang

tinh, song vdi cac lam nay ddi khi khong thuan tién trong cac budc xur ly so li€u thd nhu doi bién

s0, tinh cac bién trung gian, ma hoéa bién so0. Do d6, thdng thuong nén tao lap co so dir li¢u trong

bang tinh Excel dé c6 thé sir dung nhitng chirc ning bang tinh manh ctia n6 trong xir 1y dit lidu tho,

tao 1ap co s& dit liéu; sau d6 s& nhap vao Statgraphics Centurion dé tinh todn, thiét 14p md hinh,...

Co so dir lidu 1ap trong Excel can luu dudi dang phién ban cta Excel 97 — 2003, vi né chua nhan

duoc file Excel ¢ version sau do.

Print Preview...

Print Setup...

Page Setup...

Save Graph...
StatPublish...

View Published Results...

Combine
Send
Links...

Recent File

Exit STATGRAPHICS

Shift+F3
Shift+F4

F3

|File | Edit Define Measure Anglyze Improve Control Forecast pStats! Tools View Window Help

Open , Open StatFolio... Ctri+F11 ﬁ- 47 @
Close » Open Data Source... Ctrl+F12 / labehl— #
Save 3 Open StatGallery...
Save As 3 Open StatReporter...

r corz| cor '3 | cora [
Statlink... | i i

" g | " ~

Print... F4

r
Open Dat{Scur«

Data Soprce—————————————
" STAY PHICS Data File

+ External Data File
" ODBC Query
" Clipboard

Cancel
Help

T

Sau khi nhap dir liéu
trong Excel 97-2000, m& n6
trong Statgrahics Centurion
nhu File/Open/Open
Data Source; chon External
Data File — OK. Trong hop
thoai m¢ file, chon kiéu file

sau:

Excel va chon file cAn mé
da tao trudce do.
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Read ExcellFile Ex

Column Header

oK |
¥ ivanable name Cancel
I variable comment
Help

Sheet number Start row:
1 1
Missing value: End row:
[ 1000000

Chon cic théng sb dé
doc file dir liéu Excel: Chon
variable name néu c6 tén cdc
truong dir lidu, chon sé thir
tu sheet dir liu trong excel,
chon dit liéu bat dau tir hang
nao: Start row dén két thic
End row; nhap gia tri cho 6
dit liéu thiéu: Missing value.

Cic két qua xtr Iy trong Statgraphics dugc xuét ra & céc cira s6, ding chudt dé copy va c6 thé
dan két qua dén cdc file khdc. C6 ba nit diéu khién thuong sir dung trong Statgraphics 1a: Input
Dialog: Duing goi lai hop thoai khai bdo cdc bién dé xir Iy ma khong phai nhap lai céc bién dau vao;
Tables: Chon céc loai bang két qua phan tich mudn xuét ra; Graphs: Chon céc loai dd thi.

Graphics Options X
XAois | Y-Aods | Profile |
Layout ] Grid } Lines ] Foints I Top Title }
Tickmarks and Colors
(¥ X-Ais Tickmarks
" Y-ods
-~
" Background
" Border
Mode Line Thickness:
|E| Thinnest Thickest
[ 3D Hfects
Colors. All Forts
0K | Cancel | | Help |

Dbi v6i cdc d6 thi, biéu dd tao ra,
Statgraphics cho phép diéu chinh tén, truc
XY, kich thudc duong v€, mau sc,...

Kich chudt phai vao cira s6 dd thi dé
chon menu Graphics Options. Tir ddy c6 thé
thay d6i dinh dang d6 thi theo y muén.

Két qua xur 1y trong Statgraphics c6 thé duogc luu cung voi co s dir ligu dé thuén tién cho vi¢c
theo doi, tiép tuc xir 1y. Viéc luu va mé file cua Statgraphics theo nhu quan 1y file may tinh thong

thuong.

1.3.3 Chwong trinh SPSS

Day 12 mot phan mém chuyén dung trong xir 1y théng ké, bao gém céc chirc ning gan giéng
nhur Statgraphics, tuy nhién c¢6 uu nhugc diém khi so sanh véi nhau:

Uu diém SPSS so véi Statgraphics:

- M4 héa duoc bién s dinh tinh

- C6 cic chirc ning phan tich so séanh phi tham s6

Nhuge diém SPSS so véi Statgraphics:

- Khong c6 tu van vé két qua phan tich thong ké

- Khong dbi dugce bién sb truc tiép trong cdc hdp thoai khi phan tich thong ké
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Tham khdo tai liéu (IBM, 2011) dé tim hiéu chi tiét cdc Gmg dung ctia IBM SPSS.

Giao dién chinh ctia SPSS nhu & Hinh 1.4, cling nhu Statgraphics, SPSS ciing ¢6 dong Menu
va cdc hop thoai, dit liéu va két qua xir Iy dugc xuit ra theo ting cira so.

#3"Untitlad2 [DataSet1] - IBM SPSS Statistics Data Editor - x
File Edit View Data Transform Analyze DirectMarketing Graphs Utiliies Add-ons  Window Help

) ~» Bl B BEEEBA2H 0%

I |visible: & of & variables

St HirenBazan HirenCatket  HirenMacmaaxit  HtrenPhienset var | var | var var | var var var | var v
1 1 26.0 9.4 5956 35.0 =
[ 2 2 313 46 192 387
[ 3 3 296 719 47 37.9
I 4 26.1 65.5 326
[ s 5 131.0 204
I 6 6.4 18.1
7 7 63.0 30.7
| s 8 . 105.3 256
[ o 9 . 539 18.0
L) 10 . 358 220
[ " . 26.0 27.0
12 12 . 279 2738
13 13 . 321 233
14 14 . 391 1439
15 15 . 444 372
16 16 . 306 339
17 17 . 485
[ 1w | 18 519
[ 19 | 19 336
20 20 4438
21 2 543
2 2 531
2 23 321
2 24 4386 L]
* ; - 21 -

Data View Variable View

) S 8wz B ove |,

Hinh 1.4. Giao dién chinh cia SPSS

Trong SPSS, s lidu ddu vao c6 thé duoc nhap truc tiép tir cira s6 bang tinh; song v6i cic lam
nay d6i khi khong thuan tién trong cdc bude xir 1y s6 lidu thd nhu ddi bién sd, tinh cic bién trung
gian. Do d6 thong thudng nén tao lap co s dit liéu trong bang tinh Excel dé c6 thé sir dung nhirng
chirc nang bang tinh manh cua né trong xt ly dit li€u tho, tao 1dp co s& dir liéu; sau d6 s€ nhédp vao
SPSS dé tinh todn, thiét 1ap mo hinh,...

ta Open Data “

Lookin: | | 1-Tap huan Thong Ke Gia Lai - | EA fi}

Draft
B9 Du lieu phan tich thong ke.xls
E"] Du lieu phan tich thong ke.xisx

1 Dulleuthuchannats File/Open/Data. Trong hdp thoai
mo file, chon kiéu file Excel va chon

file can m¢ di tao trude do

File name: ‘Du lieu phan tich thong ke xisx ‘ l Open ]
Files of type: |Excel (* xls, * xIsx, * xIsm) b d

Minimize string widths based on observed values

| Retrieve File From Repository... ]
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ta Opening Excel Data Source “

C:\1-Tap huan Thong Ke Gia Lai\Du lieu phan tich thong ke .xlsx e A Ca «
Ti€p theo chon row dau tién lam

« iRead variable names from the first row of data tén blén Vi\l Worksheet k\lm ViéC.

Worksheet: Dac trung mau [A1:D28] =
Range: l I
Maximum width for string columns: |32757 I

[ OK ]{Cancel}[ Help J

Cic két qua xir 1y trong SPSS dugc xuét ra & cic cira s6, ding chudt phai dé chon két qua vira
xir 1y “Select Last Output” va sau d6 c6 thé dan dén file mong muén.

[ Chart Editor - [m} X

File Edit View Opfions Elements Help

o EXYRADS B LEY CeDw M@l kI
- > B_I = = Av-r-—rv‘

(R L Gl e a9
Normal P-P Plot of Regression Standardized Residual

Dependent Variable: H tren Cat ket

bé thay ddi dinh dang trong dd thi
SPSS, kich dbi chugt trdi dé mo clra 6
0 Chart Editor ¢6 cdc chic ning diéu chinh
o6 tieu dé, truc XY, dinh dang duong, mau
sac,...

Expected Cum Prob

L1 T T T
0o 02 04 08 08 10

Observed Cum Prob

E'375_ 'W-468 75 points.

Két qua xur 1y trong SPSS ciing ¢6 thé dugc luu ciing véi co sd dit liéu dé thuan tién cho viée
theo doi, tiép tuc xir Iy. Viéc lwu va mo file ctia SPSS theo nhu quan 1y file may tinh thong thuong.
1.3.4 Chwong trinh théng ké trong Excel
Excel thiét ké sdn chuong trinh dé xir 1y s6 liéu va phan tich thong ké co ban ting dung trong
hop thoai Data Analysis, bao gdm céc xir Iy chinh nhu 1a:
- Xir 1y s6 liéu, tao bang tong hop dit liéu: Sap xép, tinh todn nhanh cic bang tong hop tir sd
liéu tho,...
- Tinh todn gi4 tri 1y thuyét cia hau hét cic ham x4c suat thong ké nhu T, F, x°
- Cung cip hang loat cdc ham tinh tinh toan théng dung trong nhiéu linh vyc toan hoc, k¥
thuat, tai chinh,...

- Chirc nang Data Analysis: Diing dé phan tich thong ké nhu phan tich cic dic trung mau, v&
biéu d6 phan bd, tiéu chuan t dé so sanh sy sai khic, phan tich phuong sai, wéc lugng cc twong
quan hdi quy tuyén tinh mot dén nhiéu bién sd. Di v6i ham phi tuyén, thi 4p dung tuyén tinh héa
dé udc lugng. Excel khong cung cap phén tich ham phi tuyén tinh.
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Nhin chung d6i v6i nhu cu phan tich thong ké thong dung, co ban khong qué chuyén sau thi

Excel c6 thé ddp tmg tdt, bao gdbm céc phan tich thong ké va v& cac db thi.

General [,a View and manage Microsoft Office Add-ins.

Formulas

Proofing Add-ins

Save Name = Location Type

>

Active Application Add-ins

Analysis ToolPak CA.32.XL

Advanced |Analysis ToolPak - VBA. CA.XLAM  Excel Add-in
Send to Blustooth Chiceadll COM Add-in

Language

Customize Ribbon

Quick Access Toolbar ommalein Aonilinasinm Add e

< .-

_ Add-in: Analysis ToolPak

Trust Center Publisher: Microsoft Corporation
o ibility: No ibility i ion available
Location: ‘ChProgram Files\Microsoft Office\Office 1 5\Librans
Analysis\ANMALYS32 XLL
Description:  Provides data analysis tools for statistical and engineering
analysis
Manage: Excel Add-ins 3 Go...

lI’Camel:ﬂ

Mot s6 ham thong ké thong dung trong Excel:

- Tinh téng: =Sum(day dir li¢u hodc dia chi).

- Tong binh phuong: =Sumgq(day dir liéu hoic dia chi).
- Trung binh: =Average(day dit li¢u hodc dia chi).

- Lay gia tri tuyét dbi: =Abs(day dir liéu hoic dia chi).

- Tri 16n nhét, nho nhit: =Max(ddy dit liéu hodc dia chi),
Min(day dit liéu hoac dia chi).

- Céc ham lugng gidc: =Cos(dir li¢u), =Sin (dir ligu),
=tan(dir liéu).

- Ham mi, log: =Exp(d&t li¢u), =Ln(dir liéu), =Log(di
ligu).

- Cén bac 2: =Sqrt(dir liéu).

- Sai tiéu chuan mau chua hiéu dinh: =Stdevp(day dir
liéu hoac dia chi); da hiéu dinh =Stdev(day di liéu hoac
dia chi).

- Phuong sai miu chua hiéu dinh: =Varp(ddy dit liéu
hodc dia chi); da hi¢u dinh =Var(day dit liéu hoac dia
chi).

- Giai thtra: =Fact(dir liéu).

- S6 Pi: =Pi().
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D¢ c6 chic ning phan tich
thong ké “Data Analysis” trong
Excel, tién hanh m& ché d6 phan
tich théng k& nhu sau:
File/Option/Add-ins  va  chon
Analysis ToolPak — Go, sau do
kich chon chic ndng Analysis
ToolPak trong hop thoai - OK.

Tinh céc gid tri 1y thuyét trong Excel
clia mot s6 ham phan bd thong ké T,
F, xz:

- Ham tinh gi4 trj 1y thuyét cta phan
bd T: =tinv(Probability, df)

- Ham tinh gi4 trj 1y thuyét cta phan
b x*: =chiinv(Probability, df)

- Ham tinh gi4 trj 1y thuyét cta phan
bd F: =finv(Probability, df;, df,)

Trong doé:
Probability: Mtrc x4c suat sai, thong

thuong & mic o=0.05; 0.01 hay
0.001.

Degrees Freedom (df): Do tu do, df =
n—1, véil la s6 miu



Chuong 2

- KHOA HOC RUT MAU THONG KE VA
THIET KE CAC THU’ NGHIEM LAM NGHIEP

2.1 Tinh toan dung lwgng mau trong diéu tra, danh gia

Trong diéu tra tai nguyén thién nhién, xa hoi, v6i tong thé rat rong 16n, khong thé do dém,
phong van toan bd. Do vay rit mau can duogc sir dung. Riit mau dé c6 thé xir 1y thong ké 1a xic
dinh s6 c4 thé, s6 cay, s6 con, s6 6 mau, sd ngudi,... dé diéu tra, do dém, phong van liy thong tin
theo mot d6 tin cay cho trude. Viéc xac dinh ) lugng mau, s6 6 mau, s cd thé, sb nguoi can dé
diéu tra, phong van, thu thap sb liéu goi la tinh toan dung lrgng miu. Dung lugng mau phy thudc
vao dic diém va bién dong cua dbi tugng nghién ctru va dd tin cay cho trudc (Freese, 1976;
Nguyén Hai Tuét et al., 2006; Subedi et al., 2010; Huy et al., 2013).

D¢ xic dinh dung lugng miu, ngudi ta can rit mau thir trude, cic miu nay can dugc bd tri
ngau nhién. Chi tiéu diéu tra ddnh gia dé xdc dinh dung lwong mau tiy thudc vao muc dich nghién
ctru, vi dy, dé gidm sét sinh khéi rimg thi chi tiéu diéu tra phai 1a sinh khi, hodc dé danh gid vé
kinh té ho trong hoat dong 1am nghiép thi chi tiéu dicu tra trén ho 1a thu nhap tir 1am nghiép.

C6 hai truong hop chinh dé tinh toan dung lugng miu (Nguyén Hai Tuét et al., 2006; Huy et
al., 2013):

- Dbi tugng diéu tra 1a mot thé thong nhat, khong cé phan cap, khdi, loai...

- Pbi tugng diéu tra, ddnh gid can dugc phan chia theo cap, khéi, loai. ..

2.1.1 Xac dinh dung lwong mau khi khéng c6 phan cap, khéi, loai
Pay 1a trudng hop xdc dinh dung lugng miu cho mot ddi tuong diéu tra ddnh gia khong
phan chia thanh cép, khdi, loai nao ca. Nhu 1a xdc dinh s6 lugng 6 mau trong diu tra trit lwong
lwong rimg ctia mot trang thai rimg. Hodc sé cdy trong udc tinh sinh khéi cdy rimg ciia mot kiéu
rimg. Hodc s6 ciy dé danh gid sinh truong ctia mot 16 ring theo mot cong thirc thi nghiém.
Cic cong thirc x4c dinh dung lugng mau khoéng phén cép, loai, khdi,... theo mot do tin cay

cho truéc nhu sau (Nguyén Hai Tuat, 1982):

@2.1)

t * CV%\>2
n“:( A% )
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2.2)

(2.3)

Trong d6: nct la dung lwgng mau can thiét dé bao dam do tin cay cla rit mau; CV% la hé s6

bién dong (Coefficient of Variation); S (Standard Deviation) la sai ti€u chuén cta mau; X1 trung

binh ctia gid tri diéu tra; X; 1a cdc gid tri diéu tra; A% 12 sai s6 twong doi cho trudc, thuong tir 5 —
10%; t 1a gia tri ctia bién sd t ctia ham phan bd chuén duoc xac dinh theo mirc y nghia Py, (a0), voi
do tin cay 1a 95% thi Py, = 0.05 vado ty dodf =n -1, véin la s6 mAau rit thar; t co thé dé& dang
xac dinh nho ham tinv cta excel = tinv(P, e, df).

Str dung Dir liéu 1 trong phy lyc dé tinh todn s6 6 miu can thiét trong diéu tra trit lugng ciia
mét trang thai rimg. Dir liéu nay thu dugc tir diéu tra rit mau thir ngdu nhién 27 6 mau, mdi 6 tinh

céc gid tri trung binh trong d6 c6 trit lugng 12 M (m*/ha). Trong excel, sir dung chtrc ning thong ké
md ta (Descriptive Statistics) dé tinh cdc chi tiéu théng ké dé tinh duogc ne.

Descriptive Statistics

Input

Labels in first row

Output options

O New Workbook

Summary statistics
Confidence Level for Mean: 95 %

[ kth Largest: 1

I:‘ Kth Smallest: 1

i

~
X

Cancel

(e]
Input Range: $D:$D
Grouped By: ® Columns
O Rows

Help

Data/Data Anlysis va chon Descriptive Statistics.

Trong hop thoai thong k& md ta (Descriptive
Statistics), xac dinh:

- Input Range: Vung 6 dit liu.

- Grouped by: Dir liéu xép theo cot hay hang.

- Label in first row: Panh dau néu c6 tén cua
bicn s ¢ hang dau.

- Output Range: Chi 6 dia chi xuat ra két qua.

- Summary statistics: Panh diu dé c6 cdc chi tiéu
thong ké.

- Confidence Level for Mean: Xac dinh d¢ tin
cay cua udce lugng trung binh, thuong 1a 95%.

Bang 2.1. Két qua tinh toan cac chi tiéu théng ké clia rat mau thiy

M (m*/ha)

Mean (Trung binh) 76.15
Standard Error (Sx: Sai s6 cua trung binh) 4.60
Standard Deviation (S: Sai tiéu chuéln) 23.93
Sample Variance (S*: Phuong sai) 572.66
Count (n: s6 mu rut thir) 27
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Tir két qua ¢ Bang 2.1 tinh dung lugng quan sét can thiét voi sai s6 cho trudc A% = 10% nhu

sau:
v = 2223100 = 31.43% (2.4)
76.15
t = tinv(0.05, 26) = 2.06 2.5)
(2.6)

A

2.06 * 31.43%\2
e = (Z2IA0Y_ 4y

10%

Nhur vy voi minh hoa nay, can diéu tra tong cong 42 6 mau dé udc lugng M c¢6 sai s6 10%.
Do di riit mau thir 27 6 nén lic nay can do dém bo sung 42 — 27 = 15 6 mau.

2.1.2 Xéac dinh dung lwong mau theo phan cép, khéi, loai

Khi tién hanh diéu tra danh gia mot ddi twong duge phéan chia thanh cap, khdi, nhu 1a diéu
tra tai nguyén ring theo cic trang thai khic nhau, udc lugng sinh khéi, trit lwong rimg theo kiéu
rung, trang thdi rung. Con c6 cic vi du khic nhu diéu tra 1am nghi¢p xa hoi, can xdc dinh s6 ho
diéu tra theo cdc nhém kinh té ho. Liic nay dung lugng mau dugc phan chia theo cap, khdi, loai....
tiy theo yéu cau phén cap ciia diéu tra, d4nh gi.

Dé xdc dinh dung luong mau theo ce”ip, loai,... mot dot diéu tra rit miu ban du can dugc tién
hanh dé uéc tinh sai tiéu chuan, bién dong ctia chi tiéu diéu tra clia timg cap, loai da phan chia. Can
diéu tra ban ddu khoang 10 — 15 miu (t6i vu 1a 30) cho mbi loai, cip.

Tién trinh sau mé ta viéc tién hanh xdc dinh s6 6 mau can thiét ddi véi diéu tra sinh khéi,
carbon rimg trén mit dat theo cic trang thdi va kiéu rimg khac nhau (Freese, 1976; Subedi et al.,
2010; Huy et al., 2013):

Bude 1. Xac dinh sai s6 % va d6 tin cdy udc lugng cua so trung binh. Thuong sai sé 1a 10%
g véi d0 tin cay woc lugng s6 trung binh 13 95% 1a yéu ciu can dat dugc.

Buéc 2. Lya chon dia diém dé 1ap 10 — 15 6 mau ban dau (tt hon 1a 30 6) cho mdi trang thdi.
Céc 6 mau nay hoac duoc bd tri ng?lu nhién hoan toan hoac duoc Iwra chon ng?lu nhién tr mang ludi
6 miu b tri trudc theo ludi 6 hinh hoc. Cdc 6 miu bd tri ngau nhién trong mdi trang thai c6 thé sir
dung phan mém ciia Hawths’ Tool ctia ArcGIS (http://www.spatialecology.com/htools/tooldesc.php).

Bude 3. Udc tinh sinh khdi, carbon timg cy, timg 0, quy ra trén ha cho timg 6 miu va trung
binh carbon trén ha cho mdi trang thdi rdt mau thr.

Buéc 4. Tinh todn sai tiéu chuan vé sinh khoi, carbon (tan/ha) cho tat ca cdc 6 mau cua tung
trang théi.

Buéc 5. Tinh todn s6 lwgng 6 miu can thiét cho mdi trang thai rimg dua vao s6 lugng 6 mau
t6i da ctia ca khu ring va cho mdi trang thdi theo cdc cong thirc sau:

25



A 2.7)

N=—
AP
A @8)
Ni = —
AP
2 2.9)
h = (i Ni - S)
ct — N2 - E2
2 + Z{-‘:l Ni ' Si2
N;-S; (2.10)
n; = n —_—
ict ct iL:1 N; - S;
L 2.11)

>
[
z| =
Z
*
el

Trong d6: N = S6 lugng 6 mau tdi da trong viing diéu tra; N; = S6 lugng 6 mau tdi da ciia
trang théi i; n, = Téng $6 6 miu can thiét trong ving diéu tra; nj = S6 6 mau can thiét cho trang
thai[; A = Téng dién tich cua tat ca cic trang thdi (ha); A; = Dién tich cla moi trang thdi i (ha); AP
= Dién tich 6 miu (ha); i = Chi s6 cla trang thai tir 1 dén L; L = Tong s6 trang thdi; S; = Sai tiéu
chuén ciia trang thai i; E = Sai s0 tuyét ddi voi sai s6 twong ddi cho trude. Véi sai s6 twong doi 1a

10% thi E = 10% x X, v6i X 1a binh quin chung sinh khdi hodc carbon/ha, X; 12 trung binh sinh

khéi, carbon cua trang thdi i; t = 2 Uing v6i muc ¥y nghia Py, = 0.05. Hodc chinh xdc hon cé thé
xac dinh t qua ham tinv trong excel: =tinv(a, df), véi o = 5% va df =n,, — 1, n,,, 1a téng $6 mau rit
thur.

Thong thuong, két qua tinh s6 6 miu khong phai 1a mot sé nguyén. Trong trudng hop d6, s6
lwong yéu cau ctia mau phai duoc diéu chinh dén s6 nguyén gan nhit ma khong phai 1a nho hon so
voi gid tri wdc tinh. Vi dy, néu udc tinh s6 6 mau 1a 62.04 6, sau d6 1a s6 diéu chinh phai 1a 63 6.

Doi khi 6 mau khong thé tiép can duoc, bi mat, hoic khong thé do lip lai vi nhiéu ly do. Vi
du, 6 miu c6 thé bi cudn trdi béi 1i lut hodc bi chdy hodc nim trén vach d4, trén dia hinh qué déc,
trén song sudi. Vi vay tang sd lugng 6 mau 1én vai % c6 thé gip cho viéc bao dam du 6 s6 lugng 6
theo yéu cau khi ma mot s6 6 miu xdc dinh ban dau c6 thé khong thé diéu tra duoc.

Budre 6. Picu tra hién truong dé do tinh sinh khéi trong cic 6 miu di x4c dinh & budc 5.

Bue 7. Tinh todn lai sai s6 % (A%) cho mdi cap, khdi, trang thdi sau khi da rdt mau, do dém
tat ca cdc 6 mau. Mic sai s6 dat néu sai sd sau cling thap hon sai s6 yéu ciu tir dau, vi du thap hon
10%. Néu sai s6 c6 su sai khdc va 16n hon yéu ciu thi hodc phan chia nho hodc gdp cic trang thai
hodc 1a bd sung thém s6 6 miu dé dat duoc sai sd cho phép. Lap lai budc 5 — 7 cho dén khi sai sb
ctia mdi trang théi dat dugc theo yéu cau, vi du 1a <10%.

Sai s6 % (A%) so voi trung binh (hay con goi la d¢ chinh xac cta rat mau - Precision level) vé
sinh khéi, carbon cho mdi trang thai i dugc tinh theo cong thirc sau:
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Sy * t .
Ai% _ X1 1(_0.05, ni—1) %
X
5. =
4

2.12)

(2.13)

Trong d6: Céc gid tri nay duoc tinh lai sau khi d4 rit miu day du theo dung lwong mau:

Sy Sai sb cua sb trung binh cua trang thdi 1
X 1a trung binh sinh khéi, carbon cua trang théi i

S; = Sai tiéu chuan cuta trang thai i

n;; SO 6 miu da dicu tra theo dung lwong mau cua trang théi i

Néu dén day tat ca cac trang thai i d€u c6 sai s6 % (A%;) bé hon sai so cho trudc thi vige rit

mau da hoan thanh.

Vi du tinh todn s6 6 mau can thiét dé udc tinh carbon tich liy trong cy rimg phan trén mit

dat (tin/ha) theo cdc trang thdi rimg ¢ viing duy 4n SNV-REDD" ¢ huyén Bao Lam, tinh LAm Dong.
Str dung Dit liéu 2 trong Phu lyc dugc thu thap trong cac nam 2011 — 2012.

Tu dir liéu nay c6 duoc téng dién tich khu vyc khao séat 1a A = 33,068 ha, chia ra theo ba trang
thai rirng: trung binh A; = 5,783 ha, phuc hdi A, =19,048 ha va g5 16 & Az = 8,237 ha. Dién tich mdi

0 mau [a AP = 0.1 ha. P tién hanh rit mau n = 97 0, trong 6 n; =40 06, n, =17 6 van; =40 0.

T @6 tinh duoc:

33,068
N =

= 330,680
0.1

N, = 5'783—57830 N, = 19,048 _ 190,482; N, =

17 01 —7UTTTZT 01 T R s T

Bang 2.2 trinh bay két qua sir dung chirc ning Descriptive Statistics trong excel dé tinh céc

8,237

= 82,368

chi tiéu thong ké cho mdi trang théi rimg dya vao dit liéu carbon 6 mau ¢ ba trang théi.

Bang 2.2. C4c chi tiéu théng ké clia carbon trén mat dat theo cac trang thai rirng

A, Trung binh A, Phuyc hoi A;G6-166

Mean 135.7 Mean 46.8 Mean 72.0
Standard Error 7.7 Standard Error 10.1 Standard Error 8.6
Standard Deviation 48.8 Standard Deviation 41.5 Standard Deviation 54.2
Count 40 Count 17 Count 40
Confidence Confidence Confidence

Level(95.0%) 15.6 Level(95.0%) 21.3 Level(95.0%) 17.3
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Két qua tir Bang 2.2 ¢6 duoc:

X, = 135.7 tAn/ha; X, = 46.8 tAn/ha; X3 = 72.0 tAn/ha

S1=48.8; S, =41.5; S3=54.2.

Tu ddy tinh dugc trung binh chung: X = 68.6 tin/ha, E = 10%x68.6 = 6.68 tan/ha,
t = tinv(0.05, 96) = 1.98.

Vi tat ca dir liéu dau vao néi trén, tinh dugc tong s6 6 mau va sb 6 miu theo timg trang théi:

ne=177 6; niee = 33 6; Noee = 92 6 va N3 = 52 6.

Nhur vay tong s6 6 mau con thiéu 1a: 177 — 97 = 80 9, trong d6 trang thdi 1 (rimg trung binh)
du: 40 — 33 = 7 0, trang thai 2 (phuc hoi) thiéu: 17 — 92 = - 75 6, trang théi 3 (rimg hdn giao g6 - 16
0) con thiéu: 40 — 52 = -12 6.

Tur két qua nay, kiém tra do tin cay (sai s6 cua rt mau) nhu sau:

Tur két qua 6 Bang 2.2 c6 dugc sai s6 cua trung binh theo trang thai (Standard Error):
Sx1=7.7; Sx2=10.1; S5 = 8.6

Cac gia trit;: t; = 2.02; t, = 2.12 va t; = 2.02 (theo ham t; =tinv(0.05, n; -1) trong excel.
Tir day tinh dwoc sai s6 cua timg trang thai:

Ao = 12%; A% = 46% va Az% = 24%.

Nhu vay, néu dirng lai & s6 miu da diéu tra, véi yéu cau sai s6 < 10% thi chi ¢6 trang thai 1
(rimg trung binh) 13 c¢6 s6 6 miu gan du, véi sai s6 gan véi 10%, hai trang théi con lai déu c6 sai s6
> 10%, do d6 can riit mau bo sung.

Két qua ddnh gid cho thdy sai s6 cla trang thdi 1 1a 12%, c6 nghia 12 van con thiéu 6 mau dé
dat duoc sai s6 10% nhu yéu cau. Trong khi d6 trén ddy lai tinh ra dugc s6 miu can thiét phan chia
cho trang théi nay ciing vdi sai s6 cho phép 12 10% 1a 33 6, va ciing da diéu tra 40 0, c6 nghia la da
du 6 mau dé dat yéu cau sai s6. Viéc kiém tra lai sai s6 sau ciing cho ting trang théi chi c6 tinh chit
tham khao vé sai s6 dat dugc cho timg khéi, do sai s6 lic nay duoc tinh riéng 1é cho timg cap, trang
thdi, khéng phin khéi, nhu vay day 1a sai s6 cta rit mau cho tirng khdi riéng 1é. Trong khi d6 viéc
tinh todn s 6 miu ¢ day dugc phan phdi theo cip, trang théi trén co sé phan bd tdi wu sd 6 miu
cho ting khéi, do d6 s6 6 miu tirng cap, khdi c6 thé nhé hon s6 6 miu néu tinh riéng 1&. Vi vy, dbi
voi rit miu ¢6 phan cap, khoi, sir dung két qua xdc dinh s 6 mau can thiét theo ting cap, khoi 1a
dat duoc sai s6 cho trudc.

Ngoai ra ¢6 thé xdc dinh nhanh va wéc tinh gan ding dung lugng mau c6 phan cip, khdi ban
dau theo (Lackmann, 2011) ma khong can rdt mau thir trude nhu sau:

tZ * CVY%?2 (2.14)

t2 x CV%?
N

Nee =
E%? +
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N, (2.15)
Njet = nctﬁ
Trong d6: i: SO thir ty trang thai, kiéu, khoi rimg duoc phan loai
N = S6 lugng 6 mau tbi da trong viing diéu tra
N; = S6 lugng 6 mau tdi da cla trang théi i
n, = Tong s6 6 miu can thiét trong viing diéu tra
Ny = S6 6 mau can thiét cho trang théi i
E% = Sai s6 twong dbi cho trudc, thuong 1a 10%
t =2 (gid tri ban dau v6i do tin cay udc lugng 1a 95%)

CV%: (Coefficient of Variation %), h¢ s6 bién dong. Chon truéc mot CV% cao
nhét da biét trudc ctia d6i tuong diéu tra.
Str dung dit liéu trinh bay trén dé wdc tinh sé 6 miu can thiét theo trang thai ban dau trén co
s6 cong thirc cua (Lackmann, 2011), trong d6 CV% dugc xac dinh truoc 1la 67% (HE sb bién dong
cao nhét trong khu vyc khi udc tinh carbon rimng). Két qua:

2% x 67%2 1795
D¢y = 2 0.2 = [0}
10062 + 22574
330 680
57,830

Nqct = 179m =316

190,482

I’lth = 179m = 103 (0]
_ 17982368 _
Mt = 277330680 0 °

Cich tinh ndy gidm dugc chi phi va thoi gian vi khong ridt mau thir trude, né phu thude vio
vi€c chon gia tri CV% dy bédo trude. Vi vay, dung lugng mau dugc udc tinh trude rit phu thudc
vio CV%. Ap dung phuong phép nay can c6 danh gia lai sai s6 cho mdi trang thdi sau khi da rit
mau xong, theo budc 7 ctia phuong phép riit mau cé phan khéi da gidi thiéu trén day.

Ngoai ra néu khong c6 gid tri CV% cho trudc, ¢6 thé tién hanh thu thip miu thir véi dung
luong khoang 30 - 50 6, phian bb ngau nhién trén tat ca cic trang théi, cip, khbi dugc phan loai. Tir
day tinh dugc hé sé bién dong chung CV% ciia toan khu rimg diéu tra.
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2.2 Phwong phap bé tri, rit mau trong diéu tra, danh gia dé xc ly
théng ké
Trén co s& xdc dinh s6 miu can thu thap, can tién hanh bd tri, rit mau theo mot phwong phap
théng nht. Tuy theo dbi tuong nghién cuu, nguén lyc va dd tin cdy cho phép ma lya chon mot
trong ba phwong phdp rit miu chinh sau ddy (Nguydn Hai Tuit, 1982; Lackmann, 2011;
Jayaraman, 1999; Huy et al., 2013).

2.2.1 Rat mau ngau nhién (Random sampling)

Pay 1a phuong phap rit mau cdc cd thé, 6 mau, ngudi,... dé diéu tra, nghién ctru, phong van
dugc lwa chon ngdu nhién. Viée Iya chon ngau nhién c¢6 thé duoc tién hanh bang nhiéu cich tiy
vao ddi trong nghién ctu.

- Néu dbi tuong 1a cdc cdy ring trong mot 16 ring, thi dénh s cdc ciy va rit thim ngiu nhién.

- Néu dbi twong 12 ngudi can phong van, thi béc thim ngiu nhién trong danh sich dbi twong
nghién ctru.

- Néu d6i tuong 1a vi tri cdc 6 miu trong mot viing, mot khu rimg rong 16n, thi bd tri ngau
nhién 6 mau trong cic phﬁn mém ArcGIS va chuyén toa do vao GPS can duogc ap dung.

Hinh 2.1. B6 tri & mau trong rit mau ngAu nhién. Nguén: (Lackmann, 2011)

Hinh 2.1 cho thiy cdc 6 miu dugc bd tri ngiu nhién trén khu vuc rimg diéu tra. Rdt miu ngau
nhién c¢6 vu diém 12 hoan toan khach quan va diing dé dp dung thong ké& dé uéc lugng, so sanh,
danh gid. Nhuoc diém ctia né 1a dbi voi diéu tra tai nguyén rimg, d6i khi vi tri dugc xdc dinh ngiu
nhién & noi qud xa, & vi tri dia hinh phirc tap, nguy hiém khé tiép can. Truong hop nay trong thong
ké ciing cho phép dich chuyén vi tri c4 thé, 6 mau dén noi lan can nhung khé tuong dong. Tuy vay,
viéc dich chuyén d6 s& lam mat tinh ngau nhién, do d6 can han ché. Pong thoi, nhu di trinh bay
trong xdc dinh dung lwong mau, thudng nén tinh todn sd miu 1on hon yéu cu vai % dé c6 thé bo
bét mot s6 6 mau & vi tri khong thé tiép can duogc trong thuc té.

Dudi day la giéi thidu cdch bo trf cdc 6 mau ngiu nhién trén ban d6 dua vio phan mém
ArcGIS va chuyén toa d6 6 mau vao GPS dé xdc dinh vi trf diéu tra trén hién truong. Thiét ké 6
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mau ngau nhién cho timg trang thai rimg c6 thé dugc tién hanh trong chirc ning tao lap diém ngiu
nhién “create random point” trong ArcGIS (Huy et al., 2013).

S6 luvgng 6 mau phu thudc vao dién tich cua trang thdi rung, kich thuéc cua 6 miu va bién
dong cta chi tiéu diéu tra giam st rimg. Viéc xdc dinh s6 6 mau can thiét (da dugc trinh bay trong
phén trén). Ngoai ra kich thuéc va hinh dang 6 miu phai dugc théng nhat trong ca khu vuc diéu
tra. Mot ban d6 s6 duogc sir dung dé tao cic vi trf 6 miu ngau nhién theo phuong phap ctia Hawths
dugc chay trong phan mém ArcGIS véi cong cu “create random point”. Cac budc sau day can duoc
tién hanh:

Budre 1: Gop cdc manh/16 trang thdi trén ban do thanh khdi trang thai dé b tri 6 miu ngiu
nhién:

Tao thanh céc khéi trang thdi dong nhat, nghia 1a gop cdc poligon c6 ciing trang thai véi nhau
dé thiét ké vi tri cdc 6 mau cho ting khdi trang thdi. Sir dung chirc ning Dissolve trong ArcGIS.

r; Bimshe T o " g o (o i | .
e e - T Dissoive_Field(s) {optional Churc nang Dissolve trong
Trang thairung = & R A 2 A A
mufrmnrxc The fiid o feids on which bo apgregate features ArcGIS dé g0p cac 16 theo khéi

[&2 - Mg 25 YA Dmmign ranciom s pict B

e The A Fiald batton, which |5 wsed ony in ModalBuiide, il trang thai rl‘rng:

you o sdd expeciad Aslds 30 you can complate the dalog and

glﬂﬁ canmtnue bz buld your meded

JE__EI L Input Features: Chon 16p
D . dit liéu chira trang thai rimg

Clece

Car fa

. o= Output  Feature Class:

st | ki | | | | Chon dia chi va dat tén file.
G bsucs Femiet) (ppboral] = I

= e ' Dissolve  Field: Chon

ﬂl truong trang thdi ring.
Coresl | Bvwoments. | corderen | Tednes

Tuy nhién, trong trudng hop thiét ké 6 miu cho timg 16 trang thai thi giit nguyén 16p ban d6
phan chia 16 trang thai.

Budre 2: Cung cp, x4c dinh s6 6 miu ngiu nhién theo ting trang thai rimg trén ban do:

Tir két qua ban d6 da Dissolve thanh cdc khdi trang thdi, 1ap mot trudng (field) dinh dang sé 1a
s 6 miu cua ting khoi trang thi. Sau d6 nhap vao trudng nay s6 6 miu can thiét cho ting trang
thdi ctia ting kiéu rimg, viing sinh théi.
C6 trudng hop s6 6 mau duge xdc dinh theo ty 18 % rit miu theo dién tich. Vi du ty 1& rit mau
12 1% cua dién tich trang thai va dién tich 6 miu 12 0.1ha. Tir ddy tinh todn s6 6 mau cho timg khi
trang thdi i 13 n; theo cong thirc sau:
1% * Dien tich trang thaii (ha)

= Dien tich o mau (0.1 ha) (2.16)

Liic nay tinh todn s6 6 miu cho tirng khéi trang thdi trén ban d6 trong ArcGIS nhd chirc ning
Field Calculator.
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Fiedd Cabculator [E2
Felds; Ve H
]
T Cums BT
eenindh " stng ;
E'.Tﬁ T Date ]
f S0 Iwgng 6 mau tinh theo cong thirc cho
Bl moi khoi trang théi trong chitc ndng Field
=l ] =
Calculator trong ArcGIS
o = ™ advanced j J j g
B01" [Dtach_hal @ L
Save...
tielp
|
3 _omes |
(@ Attributes of Khoi trang thai [E=RE
FID Shape * LDLR_TEN Dientich Dtich_ha | n_o_mau 2 ~ A A
0 | Polygon Nong nghiep 1984410 198.44 o Bang du ll@u SO
3 1 | Polygon Rung go giau cay la kim 1215370 121.54 12 A A
2 | Polygon Rung go phuc hoi cay LRTX heac nua rung la 95593.797 956 1 luong O, mau theO
3 | Polygon Rung go sau khai thac kiet cay rung la 110425 11.04 1 N A1 A1
4 | Polygon Rung go trung binh cay LRTX heac nua rung la 10778500 1077.69 108 tung khOI tr:ang thal
5 | Polygon Rung hon giao go va tre nua 20095500 2009.55 201 A A A
& | Polygon Rung lo o B292300 689.83 89 tren ban do tr()ng
7 | Polygon Rung treng go 1035510 103.56 10 ArCGIS
Record: ﬂﬂl 2 jﬂ Show: W Selected | Records (0 out of 8 Selected) Options = |4

Budc 3: Thiét ké hé¢ thong 6 mau ngiu nhién trén ban dd cho ting khdi trang théi trong

ArcGIS:

Trong ArcGIS, sir dung Creat Random Points dé thiét ké hé thong 6 mau dugc phin bd ngiu
nhién theo khéi trang thdi trén ban do trang thi rimg.

A Crente Random Points

P . =)

Dhipurt Locariion
| €142 Mo GESIFADDesion random sample: plotsThon 14 Prod ﬂ

[ Ko trang thai = ﬂ
Constraining Extent [omtonal)

I =l =
5. 000000
Left

[
Bothom
(.D00000

Hurmber of Paints: [vaue: or Seld) (optional)
™ Lorg
!

[
% Fld
[ _prana =l
Himimurn Albgseed Distance sk or fiskd] (cobanal)
{= Linesar uni
| []
" Fexd

250000000

e |

[piwtars =]

o || ol | Emeormenss..| | <<tidatin | Toolteb

Constraining Extent (optional)

The extent into which points will be randarmly
placed. The etant will anly ke used ifno
corstraining feabure chass is spacibed.

Minimum Allowed Distance: Cu ly khoang
céch tbi thiéu giita 2 6: ¢6 thé chon khoang cach tdi
thiéu nhu 12 mot diéu kién (vi du véi viée b tri 6
mau tron ¢6 ban kinh 17.84m thi khoang cach tdi
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Thiét ké vi tri 6 miu ngiu nhién dya
vao Creat Random Points:

Output location: Chi vi tri thu muc dé
xuét ra ban d6 6 mau.

Output Point Feature Class: Tén file

ban do xuat ra.

Constrainning Feature Class:
truong khoi trang thai

Chon

Field: Chon truong dit li¢u chira ) liéu
s6 6 mau cho timg khbi trang thai

Néu chon gia tri cia “Long” la ) dinh
bao nhiéu thi c6 nghia mdi khdi trang thdi c6

4
A A

s0 O bang nhau, di€u nay hi€ém xay ra vi s0 0
mau cua moi khoi trang thai phu thudc va



thicu gilta hai 6 nén la > 18m d¢é tranh truong hgp | dién tich, sai tiéu chuan va bién dong cia no.

cac o chéng l4n 1én nhau trén thuc dia).

Sau d6 gin toa do cho cdc vi tri 6 miu ngdu nhién trén ban d6: St dung chiic ning cua
ArcGIS trén ban dd cdc 6 mau ngau nhién da lap: Add XY Coordinates. Sau d6 tao mot truong dat

sb hiéu cho 6 mau: So_hieu_o = FID +1.

Attributes of O mau ngau nhien o == s
FID | shape [ ci0 [ So hieu o POINT_X POINT_Y -
0 [ Point 1 1| 524443265074 | 1261684.32025 B
1| Point 1 2| 525349.470495 | 126286643532
2] Pont 1 3| 524070.528416 | 126275747458
3| Point 1 4| 524769.531247 | 1262624.19545
< | Pont 1 5| 524740.012971 | 1262802.18004
5 | Point 1 6| 524494609521 | 126322352577
| Point 1 7 | 525227354617 | 1263174.15484
7| Point 1 8| 524504.967619 | 1262817.95675
5 | Point 1 9| 524311.838026 | 1261822.54978
9| Point 1 10| 524296116124 | 126073551158
10 | Point 1 1| 52429413666 | 126218481284
11 | Foint 1 12| 524246284569 | 12619931484
12 | Point 2 13| 52135194811 | 1262380.3633
13| Foint 3 14| 524964.164553 | 126312198471
14 | Point 4 15 | 523987.500389 | 125920883952
15 | Foint 4 16 | 523731.826787 | 125645866146
18 | Point 4 17 | 524654.495667 | 125979567211
17 | Foint 4 18| 525914674794 | 1260695.2084
18 | Foint 4 19| 52587865146 | 1259910.30381
15 | Foint 4 20 | 523803.582455 | 125666225778
20| Point 4 21| 526274316065 | 126076322584
21 Point 4 22| 525558.907285 | 1260212.03964
22 Point 4 23| 524714685258 | 1259701.7588
23| Point 4 24| 525257.380468 | 126173867359
24| Pont 4 25| 526516.238395 | 1262489.20488
25 | Point 4 26 | 524093598079 | 1257622.08512
26 | Pont 4 27| 524454956944 | 1258073.2208
27 | Point 4 78| 573372 N7R975 | 178ARAR 57977 | St
Record: ﬂ j 0 j ﬂ show: [ Al selected Records (0 out of 402 Selectd) Options +

Két qua c6 dugc ban d6 thiét ké hé théng 6 miu ngiu nhién trén ban d6 nhu & Hinh 2.2.

Két qua thyc hién chuc niang Add XY
Coordinates: Gin toa d6 6 mau trong

ArcGIS.

BAN DO PHAN BO 6 MAU i
X.LOC BAO, X. LOC BAC, X. LOC LAM - H. BAO LAM - T. LAM BONG

Ti b U50000

Chu dan

. - o [Jom por g g s e 1 1 iy 9
Rann gt ko [ Frng o8 g ey LRTX ncd s2a g W rengoe

[ LR - i

I Rimg nbe gwo 68 phuc hinc iy LILK

g 8 poue e chy LA T o gl
aonrmn

I img o e e chy g - Rumguieg pd
Bl tng cay o8, eay v rsc
e ing byt

1

Hinh 2.2. Ban db thiét ké hé théng 6 mau ngau nhién theo trang thai rirng khu vuc ba xa Léc Bao, Loc Béc va

Loc Lam thudc huyén Bao Lam, tinh Lam Béng. Nguén: Huy et al., (2013), dw an SNV-REDD".
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Buoc 4: Chuyén toa d6 diém cdc 6 mau ngau nhién vao GPS dé x4c dinh trén thyc dia:

Toa do cdc 6 mau can duoc chuyén vao trong miy GPS dé xé4c dinh chinh xdc vi tri 6 miu
trén thyc dia. Cong viéc nay c6 thé thuc hién théng qua chuong trinh DNR trén co s¢ két ndi mdy
tinh v&i GPS.

Trong truong hop st dung hé¢ toa ¢ VIN2000, vi c6 su chénh 1éch, do d6 can diéu chinh toa
d6 6 miu trudc khi chuyén vao GPS. Céch 1am nhu sau:

- Trong ArcGIS, Xuét (export) file toa d0 6 mau sang dang dbf

- Mo file dbf trong excel va tao hai cot toa d0 X/Y moi, voi X =x + 194va Y =y - 112,
trong d6 x/y 1a toa d6 ctua 6 miu, X/Y la toa do didu chinh dé chuyén vio GPS vé6i hé chiéu
VN2000

- Chuyén file nay thanh shape file trong ArcGIS

(B 1dentify Fields == Mo DNR va cai dat hé toa do: File/Set Projection. Vao Load
Sl el P | | F PRIJ va chon file toa d6 & mau c6 dudi *.prj c6 chira thong tin hé
Deszcription Information: tQa d6 (Vf du Vn2000)
=B ED HIED O

comment [TodagsDae <] Mo file dir liéu toa d6 trong DNR: File/Load from/File...
Chon file dang shape va mo file toa d§ 6 da Iuvu. Chon ident 1a
truong So_hieu_o.

Pua dit liéu tr file toa d6 6 mau vao GPS:
Waypoint/Upload.

QK. Cancel

Két qua hé thong 6 miu ngau nhién trén ban do va toa do ctia né da dugc chuyén sang GPS,
tir dy sir dung chirc ning dan duong (Go to) ciia GPS dé di dén ding toa d6 cia timg 6 miu trén
thuc dia.

2.2.2 Rut mau hé théng (Systematic sampling)

Rt mau hé théng I1a thyuc hién léy mau tuin theo mot quy luat don gian. Vi du c6 N mau di
tir 1 d&én N, riit mau hé thdng miu & vi trf thir k va tudn ty nhu vay (vi du k = 3, thi ¢ 3 mau chon
mot mau) (Jayaraman, 1999).

DAy 1a phuong phap rit miu kha truyén thong trong linh vyc diéu tra rimg Viét Nam. Trén co
so s6 lugng 6 miu da dugc xdc dinh, 1ap cic tuyén song song va vudng géc voi hé théng duong
d6ng mirc chinh dé c6 thé di qua dugc cic kiéu rimng, trang thdi khac nhau va cich déu trén ban do.
Sau d6 b tri cic 6 miu ciing cich déu nhau trén tirng tuyén. Nguyén tic 1a cy ly giita cdc tuyén va
céc 6 trén tuyén cang xap xi nhau cang tét, vi nhu vay hé thong 6 miu s& dugc bb tri khd déu trén
thuc dia.
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Phuong phdp rit mau hé théng con duoc chia ra la: rdt mau hé thong thing hang
(Systemmatic sampling aligned) va khong thang hang (Systematic sampling unaligned). Mau thang
hang thi cdc 6 mau c6 thé ¢ trung tAm hodc géc ciia mot ludi. Mau khong thing hang thi mdi 6 miu
dugc bb tri ngiu nhién trong mot 6 cua ludi. Hai cdch rit mau nay dugc biéu dién & Hinh 2.3.

Hinh 2.3. Rat mau hé théng thdng hang (trai) va khéng thang hang (phai). Ngudn: (Lackmann, 2011)

B6 tri 6 miu hé thong ngay nay ciing nén thiét ké trén cdc phan mém GIS cho thudn tién va
chinh x4c, déng thoi ¢6 thé trich toa do 6 mau dé sir dung GPS xdc dinh vi tri 6 trén thyc dia.

Phuong phdp rit mau hé thong c6 uu diém 1a cdc 6 duoc bd tri kha dong déu trén thyc dia, dé
quan 1y thir ty ctia hé thong 6 mau theo tuyén, 6. Nhugc diém 16n nhat cia né 1a viéc chuyén theo
tuyén dén timg 6 miu, c6 noi hoan toan khong c6 kha ning thyc hién vi dia hinh phirc tap, tuyén
cit qua song sudi 16n, dinh ndi cao, vich ding. Nhugc diém nay ciing c¢6 thé khic phuc bang cich
st dung toa do 6 dé di tranh noi c6 dia hinh phure tap.

Ngoai ra trong thyc té nguoi ta con c6 thé phdi hop hai phuwong phép rit miu hé thong va
ngiu nhién véi nhau, goi 1a rit miu hé thong — ngau nhién. Phuong phdp nay thi cdc tuyén duoc bd
tri hé thong (song song, cich déu, vudng géc voi dudng ddng mirc chinh), sau d6 cic 6 duge bde
thim dé bd tri ngiu nhién trén ting tuyén. Ly do la dé tiang tinh khich quan, ngiu nhién ciia
phuong phap rit mau hé thong. Vi rit mau hé thong c6 tinh chi quan khi chon v& hudng ciia céc
tuyén song song, do d6 néu cdc 6 trén tuyén dugce boc thim ngiu nhién vi tri ctia né la co hoi dé
tang tinh khach quan va ngiu nhién cta viéc rit miu. C6 nghia 1a ting d¢ tin cdy, tranh dinh kién
(Bias).

2.2.3 Rut mau theo cum (Cluster sampling)

Dua trén phuong phép rit mau hé théng, nhung cdc 6 mau duge b tri theo cum nhu & Hinh
2.4. Tai vi tri 6 mau xép theo hé théng, bd tri mot cum 6 mau gﬁn nhau. Viéc bd tri 6 mau theo cum
rat hiéu qua vi gidm thoi gian di chuyén giita cac 6 so véi rit mau ngau nhién va hé théng. Tuy vay
vi trong mdi cum, cdc & gan nhau nén c6 thé giam phan anh sy bién dong va thong tin sai khac
trong trang thdi. Vi vdy, khoang cdch giita cic 6 mau trong mdi cum ciing nén du 16n dé tranh mdi
tuong quan giita cdc 6 trong cum. Thudng nén it nhat 1a 250 — 300m, phy thudc vao kich c¢& cua
trang thdi rimg diéu tra (Lackmann, 2011).
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Hinh 2.4. Rit mau theo phwong phap phan bé cum theo hé théng. Ngudn (Lackmann, 2011)

2.2.4 Rat mau dién hinh

Pay la phuong phdp rit miu dwa vao viée chon Iya dbi twong diéu tra nghién ctru dai dién,
dién hinh nhit. Phuong phép nay duoc 4p dung trong cic trudng hop sau:

- Dbi tugng nghién ctru khéng qud 16n dé to chie rit miu ngiu nhién hay hé théng nhung
cling khong qui nhé dé c6 thé do dém, iy sd liéu toan bo,

- Po6i twong nghién ciru 13 rong 16n va nguon luc ¢6 han dé c6 thé to chirc rit miu hé thong,
ho#ic ngiu nhién.

- Phuc vu cdc nghién ctru chuyén dé nhu cu triic rirng, rdt mau chit ha cAy dé nghién ctru thé
tich, sinh khoi.

C4 hai truong hgp trén déu can chuyén gia c¢6 kinh nghiém dé lwa chon ddi tuong léy mau dai
dién. Vi dy, trong nghién ctru ciu tric rimg ctia mot kiéu rimg & mot viing sinh thai, lic nay kich
thudc 6 mau can phai du 16n, thudng it nhat 12 1ha (Phuong et at., 2012), hodc ¢6 khi 1én dén 100
ha rimg. Vi vdy, rit mau hé thong hodc ngiu nhién s& khong di ngudn luc; trudng hop nay dwa vao
kinh nghiém chuyén gia dé lwa chon vi trf ma 1am phﬁn d6 dai dién nhit cho cau tric rung. Goi la
rit mau dién hinh.

Viéc lwa chon dai dién dé rit miu cling can c6 cdc tiéu chi dinh trude va tuy thudc vao muc
dich nghién ctru. Vi du dé nghién clru ciu tric rimg mau ring hdn loai khac tudi, nguoi ta phai
chon noi ¢é cAu tric chua bi tac dong (hoac it nhit c6 thé), c6 trit lugng, sinh khéi cao nhét, c6
phan b cdc thé hé hop 1y theo dang giam déu, c¢6 to thanh loai muc dich wu thé, dai dién cho lap
dia...

Uu diém ctia phuong phép riit mau dién hinh 1a giam chi phi, thoi gian va chon lya duoc miu
dai dién cho myc dich nghién ctru. Nhuoc diém la phu thudc vao chu quan, kinh nghiém ctia nha
nghién ctru, khong xir Iy duoc thong ké dé tinh todn bién dong, sai so.

2.3 Nguyén tac thiét ké thir nghiém trong 1am nghiép, quan ly tai
nguyén moi trwéng rirng
Trong nghién ciru 1am nghiép thuong cé cic thir nghiém nhu, danh gid cdc ngudn giéng ciy
rimg khac nhau, anh hudng ctia phan bén dén sinh truéng ciy con trong vuon wom, hodc cia ca
ngudn gidng va phan bén. Trong trong rimg thi c6 nghién ciru anh hudng ciia mat d9, hodc tia thua
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hodc ca hai dén ting truong rimg. Trong gdy trong 1dm san ngoai gd dudi tan rimg thi thi nghiém
anh hudng ciia mot dén nhiéu nhan td sinh thai nhu: d6 tan che, do cao so voi mat bién, do 4m
khong khi, kiéu rimg, loai dat, 6 doc, ... dén ning suat. Tat ca nhitng thir nghiém, thi nghiém, dénh
gid néi trén can duge bo tri thi nghiém theo cdc yéu td thir nghiém, nhén t6 thi nghiém va céc b tri
thi nghiém nay cin theo cdc nguyén tic dé bao dam cho viéc dp dung xir 1y, ddnh gid thong ké
khich quan. Theo (Jayaraman, 1999; Nguyén Hai Tuat, Vii Tién Hinh, Ngo Kim Khoi, 2006) thi
thiét ké thi nghiém 1dm nghiép can theo cdc nguyén tic nhu 1a ngau nhién, c6 lap lai va khong ché
céc tic dong ngoai nhan td thi nghiém.

Céc nguyén tic trong bd tri thir nghiém 1am nghiép:

Dung lwong madu trong 6 hodc 16 thi nghiém: Khi riit mau trong diéu tra, danh gia chiing ta c6
thé rit mau thi, sau d6 tinh todn bién dong dé xdc dinh sb miu va dénh gid sai s6, néu thiéu miu
thi c6 thé riit b sung dé bao dam sai s6. Nhung cédc bd tri thi nghiém lién quan dén gy trong ca
trong vuon wom lan rimg tréng, trong dudi tan rimg, ching ta chi ¢6 thé bo tri ¢d dinh s6 cay ngay
tir dau va khong thé bo sung (vi s& khong dong nhat). Trong thi nghiém giy trong, chiing ta chua
thé dénh gia bién dong dé tinh s6 miu bao dam sai sd. Do vay, miu can bao nhiéu trong thi nghiém
1a d4? V& nguyén tic mot 16 thi nghiém trong vuon wom, rimg trong, dudi tan rimg can cé di s6
ciy dé bao dam s trung binh cua chi tiéu quan sat tiém can phan bd chuan, hay néi khac, khong
qué it dé s trung binh ciia 6 miu khong dai dién hodc qua nhiéu sé& lang phi. Trong thdng ké, nguoi
ta c6 nhan xét rang, vdi mot miu c6 dung lwong 16n hon 30 thi chi tiéu quan sit c6 nhiéu kha ning
tiém can chuan. Vi vdy, trong cdc loai thir nghiém nay, s ciy nén it nhat 1a 30 va 16n nhat khoang
50 ciy trong mdi /16 thi nghiém.

S6 liong 6 hodc 16 thi nghiém theo cdc nhan té nghién ciru: Trong thir nghiém thong thuong
chiing ta ddnh gi4 it nhat mot nhan t6 anh huéng hodc nhiéu hon. Vi du, trong nghién ctru sinh
truong ctia lan kim truyén dudi tan rimg theo hai nhan t6 d9 tan che ciia rimg va do cao so voi mit
bién. Liic nay mdi nhan t5 nghién ctru cin xdc dinh c6 bao nhiéu cip (cong thirc thi nghiém), vi du
d6 tan che duoc chia lam 3 ce”ip: < 30%, 30 — 80% va > 80%, do cao chia lam 4 ce”ip: < 500m, 500 —
800m, 800 — 1100m va > 1100m. Liic nay s 6 thi nghiém s& 1 3 cap do tan che * 4 cap dai cao so
v&i mit bién = 12 6 thi nghiém.

Bé tri thi nghiém ¢6 Idp lai: V6i vi du bd tri thi nghiém trong lan kim tuyén dudi tan rimg
theo hai nhan t6 d¢ tan che va dai cao néi trén, thi c6 12 6 thi nghiém, mdi 6 thi nghiém sé& tmg véi
mét to hop cong thirc ciia hai nhan té d6. Vi du g véi to hop d6 tan che < 30% va dai cao
< 500m liic nay s& c6 mot & thi nghiém. Thi nghiém nhu vay goi la nghién ciru hai nhan t6 khong
lap lai. Loai b tri thi nghiém tir hai nhan té tré 1én khong c6 ldp lai thuong c6 han ché vé tinh
khach quan va c6 rui ro khéng danh gid dugc. Han ché tinh khich quan 1a chi véi mot 6 thi nghiém,
d6i khi ching ta bé tri chiing trén mot hoan canh dic biét (vi dy, dat tt hodc xdu hon binh thuong
va dat khong phai 1a nhan t6 nghién ctru) va két qua ddnh gid s& thién léch. Han ché ciia rui ro Ia
chi v&i mét 6 thi nghiém, néu do anh hudng ciia vat nudi phé hoai, thoi tiét, s& khong c6 dit lidu dé
danh gid.

Vi vay, trong b tri thi nghiém thuong ¢ géng ¢6 lan lap lai, it nhét 12 2 1an va cao nhit cling
khong qué 3 1an. Vi vi du trong lan kim tuyén dudi tén rimg theo 2 nhén t6 do tan che va do cao
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n6i trén, véi s6 1an Iap lai 1a 3 1an, thi sé 6 thi nghiém dugc tinh 1a: 3 cap do tan che * 4 cip dai cao
* 3 1an lap lai = 36 6 thi nghiém (mg véi t6 hgp cong thirc s& c6 3 6 thi nghiém.

Dic biét 13, néu b tri thi nghiém chi mot nhan tb, vi du anh huéng cia mat d6 dén ting
truong rimg, trong d6 mat do c6 3 cap: < 1000 cay/ha, 1000 — 2000 ciy/ha va 2000 — 3000 cay/ha;
lic nay s 6 thi nghiém ¢ mdi cip mat do it nhat phai 12 2 6, nhu vay, v6i 3 cp mat do thi can c6 it
nhét 6 6 thi nghiém. Cac cip mat do c6 thé c6 s 6 khong bang nhau, vi du c6 cap 1a 3 6, cap c6 4
6, cp c6 2 0, nhung it nhét phai 1a 2 6 (c6 lip lai) voi mdi cong thire thi nghiém.

Pong nhdt cdc yéu t6 khéng nghién ciru: Khi bd tri thi nghiém theo cdc nhan td, ching ta can
phai ddng nhét cdc nhan t6 khong nghién ciru khéc, dé bao dam két qua nghién ciru 1a phan anh anh
hudng ciia cdc nhan t6 thi nghiém. Vi dy, nghién ctru anh hudéng cia mat do dén tang trudng rimg
trong, ltic nay cic 6 thi nghiém can phai dugc dong nhét cic nhan té khéc c6 kha ning anh hudng
dén tang truéng nhu loai dét, vi tri dia hinh, ché d¢ cham séc, bén phan. C6 thé dp dung bén phin
nhung phai dong déu & tat ca cac cong thirc mat do, nhung loai dat thi nhét thiét phai nhu nhau &
céc 0 thi nghiém.

Bé tri 6 thi nghiém ngdu nhién: Céc 6 thi nghiém mg véi cdc cong thirc khic nhau can duoc
sap xép, bd tri mot cic ngiu nhién trén hién trudng, tranh tinh hé thong. Vi du céc 6 thi nghiém cip
mat d thua < 1000 cay/ha khong duoc ludn bd tri canh 6 ¢6 cép mat d§ day 2000 — 3000 cay/ha
ma ngau nhién véi cap mat d6 khéc, vi du véi cip 1000 — 2000 ciy/ha. Ly do cin bd tri ngau nhién
1a trdnh su twong tic c¢6 tinh hé thong, vi du 6 mat do day c6 thé anh hudng che dnh sang dén 6 lan
can. Vi vay, dé khach quan cédc 6 thi nghiém & céc cong thirc khic nhau, theo cic nhan td khéac
nhau va lan I3p lai can bd tri mot cdch ngdu nhién trong khu vuc thi nghiém, khong sip xép mot
cich hé thong.
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Lap1 Lap 2 Lap 3
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Giathé 1
Giathé 2
Giathé 3
Bon pha Khé hani Kho ha Bon pha Bo ha Khé ha
on phan 6ng pl ar‘ 6ng pl an. on pl an. on phan \ 6ng pl an.
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o 3 (] ] ®
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6 a 6n pha B6n phan |Khéng pha 6 a 6n pha
Khéng phan Bon phan. on phan X ong phan .Khong phan. Bon phan [ ]
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2 ® » ® ] ®
Giathé 1
Giathé 3
Giathé 2
Bon pha Khé ha Bon phan |Khé ha 6 a o a
on phan 6ng pl ar‘ on phan \ 6ng phan .Khong phan .Bon phan .

Hinh 2.5. So' d6 bd tri thi nghiém gieo wom lan kim tuyén trong vudn wom theo 3 nhan té (che bong (3 cép),
gia thé (3 loai) va bén phéan (c6 hoac khong) véi 3 1an 1ap (Nguyén Thi Quynh, 2016)

Tong s ¢6 s6 6 thi nghiém = 3 cap che béng * 3 loai gia thé * 2 cAp bén phan * 3 lan lap = 48
6 thi nghiém. B tri ngau nhién: M&i cap che béng céc 6 thi nghiém ciia cdc cong thirc gia thé duoc
bb tri ngu nhién, (mg véi mdi cong thire gia thé, cic 6 thi nghiém c6 hodc khéng bén phin duoc

b6 tri ngiu nhién.
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Chuong 3

TIN HOC THONG KE MO TA VA KIEM TRA
PHAN BO CHUAN, DUNG LUQNG CUA MAU

3.1 Théng tin thong ké vé dic trwng cia mau quan sat

Dé c6 nhitng thong sb dic trung vé mot ddi tugng quan sat nhu sinh trudng ctia mot 16 rimg,
su da dang loai ctia 10 rimg, anh hudng cua chdy rimg dén mat d9, chat luong téi sinh, bién dong
trir lugng, mat do ciia mot 10 rimg trong, trang thdi rimg... can tién thanh thu thap dit liéu theo mot
nhén t6 chi dao va sau d6 udc lugng, tinh todn cdc dic trung co ban. Pay 1a cic thong tin co ban
vé mot d6i twong quan sat, theo mot chi tidu, nhin té quan tim. Goi 1a mé ta dic trung ctia miu
theo céc chi tiéu thong ke.

Thong ké mé ta dugc Nguyén Hai Tuat, Vii Tién Hinh, Ng6 Kim Khéi (2006), Laar (2007)
xem nhu 1a budc xir 1y thong ké dau tién dé chi ra cdc ddc diém, dic trung ciia ddi tugng quan sét,
nghién ctru. Céc ddc trung miu bao gdm tinh céc chi tiéu: S6 trung binh, s trung vi (median),
mode, phuong sai, sai tiéu chuén, hé sb bién dong, do 1éch, do nhon cua day sb liéu quan sit, pham
vi bién dong ctia né véi mot mirc sai s6 cho phép dit trudc va cac biéu do phan bo.

Ngoai ra ddi voi rit miu, can quan tim dén mau c6 dat duoc phan bb chuan hay khong. Viéc
nay can duoc lam rd trong phén tich dic trung miu; doi khi ciing can x4c dinh trude khi rit miu
hodc b trf thi nghiém. Vi mau dat phan bd chuan thi cic chi tiéu théng ké ciia né 1a dai dién cho
d6i tuong quan sat va bao dam do tin cay.

Sau day 1a mdt s6 chi tiéu thong ké co ban mé ta dic trung miu:

S6 trung binh (Average, mean): Ky hiéu X day 1a gid tri thong ké st dung phé bién dé dénh
gid mot mau va ding dé so sanh véi cdc mau khic.

S6 trung vi (Median): La mot sb c¢6 vi tri & gitra day ) quan sat dugc xép theo thir tu tir nho
dén 16n. Néu s6 quan st 1a s6 chin, thi median dugc tinh 13 tring binh ctia hai gia tri nim giita diy
s.

Mode: La gia tri c6 tan s xudt hién nhiéu nhat trong toan bo s6 liéu quan sit. Mode thudng
dugc sir dung dé chon gid tri quan sét c6 tan sd tap trung. Vi du chon ciy c6 duong kinh phd bién
trong 1dm phan. Gi4 tri nay ciing d& dang tim thiy nhd biéu d6 phin b tan sb.
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Range: La khoang bién dong tuyét ddi gifra s6 16n nhat (Max) va nho nhat (Min) quan st.
Range = Max — Min

Sai tiéu chudn (Standard Deviation): Ky hiéu S, chi ra sy bién dong ctia mau quan sét. S cang
16n thi dit liéu quan sit cia mau cang c6 sy bién dong 16n, khong tap trung. Cong thirc sau dé tinh

S, v6i n 12 s6 mau quan sat, X; 12 gid tri quan sat, X 1a trung binh:

3.1

n

ni 1Z(Xi - X

i=1

S =

Phuwong sai mau (Variance): Ky hi¢u S?, 12 binh phuong ciia sai tiéu chuén.

H¢ 56 bién dong (Coefficient of Variation): Ky hiéu CV%, chi ra phan tram bién dong theo sai
tiéu chuan so véi sd trung binh. Tinh theo cong thirc sau:

S (3.2)
CV% = i 100

Sai s6 mdu (Standard Error): Ky hiéu S, tinh theo cong thirc sau, véi n 12 dung lwong miu
quan sit:

S (3.3)
* Vn

D¢ léch (Skewness): Chi ra phan b tan sd clia mau quan sat 1éch trai hay phai so véi phin bd
chuan. P 1éch bang O thi phan bd khong bi léch so voi phidn bd chuan, Stnd. Skewness
(Standardized Skewness) la gia tri chuén héa cua d6 léch. Néu -2 < Stnd. Skewness < +2 thi do
1éch cua mau quan sét tiém can chuén véi do tin cdy 95%.

Dé nhon (Kurtosis): Chi ra phan b tan s6 clia mau quan sat c6 dinh nhon hay tit hon so véi
phéan bd chuan. Pd nhon bé'lng 0 thi phan bd tan sb c6 dinh tiém can chuan. Stnd. Kurtosis
(Standardized Kurtosis) la gia tri chuén héa cua d6 nhon. Néu -2 < Stnd. Kurtosis < +2 thi d6 nhon
cla mau quan sét tiém can chuén véi do tin cdy 95%.

Uéc lwong khoang bién dong cia sé trung binh: Tl rit miu, tinh duoc s trung binh va dya
vao bién dong cua né dé c6 thé uoc lvgng pham vi bién dong cua trung binh & mot d9 tin cdy cho
trudc. Cong thirc tinh woc lugng khoang sb trung binh:

3.4

ks

Trong d6 p 1a bién dong ciia & mot do tin cdy cho trude, X 12 trung binh miu, S 1a d¢ chuan

clia mau, n 1a 6 miu quan sit, t bién s6 ctia ham phin b chuan duoc tinh trén co s& mirc ¥ nghia o
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(thong thuong 1a 0.05, ing voi do tin cay 95% (Confidence Level)) va d6 ty do df = n -1. Coéng
thtrc tinh t trong excel: t = tinv(0.05, n — 1).

Biéu do phdn bo tan so cua chi tiéu quan sdt duoc xeép theo cap, nhom,...

Str dung Dit liéu 1 trong Phy lyc dé tinh dc trung mau vé trir lwong (M) trong Statgraphics
theo cdc budc sau:

Budce 1: Nhap dir lidu tir excel vao Statgraphics: Resdl B [Hle
File/Open/Open Data Source. .. Eolumn Heade
. . L, Cancel
Trong hop thoai doc file excel, lya chon cac W o S e Q
n z Help
thong so:
Sheet number: Start row:
- Variable name: C6 tén bién so L 1
. . L w4 A £ Missing value: End row:
- Variable comment: C6 chu giai v€ bién s [ [1000000
- Sheet number: Chon s6 tht tu sheetccuar excel
chira dir licu
- Start row: Dir liéu bat dau tr hang nao
- End row: Di liéu két thdc tir hang nao.
Buée 2: Khai bdo bién s6 tinh todn, md ta One-Variabe Analysis
D binh quan Data:
Chon bién so can mo ta dua vao Data. BE
(Select)
Ngoai ra con c6 thé chon Select: C6 nghia la Nl

chon mot trudng diéu kién, vi du Nam = 2015 (trong

[V Sort column names

truong nam do dac, dir liéu dugc do nhicu nam, & day oK Cance Dote | Tansom Heb

chi tinh trong m§t nam nhit dinh)

Buoc 3: Chon lya cac thong so, chi ti€u thong Tables
k&, bi€u do dé mo ta mau quan sat

[ Analysis Summary

Cé hal h6p thoal CTlIO’C SfI dung dé ChQn Xuﬁt ra I Frequency Tabulation
két qua: Tables va Graphs. | Pocentles

[ Stem-and-Leaf Display
\ A 2 < A A A I Confidence Intervals
Tu day chon cic bieu d6 quan tam

™ Hypothesis Tests

0k | Concel a | Heb |

Graphs n

[V Frequency Histogram
[~ Quantile Plot

[V Nomal Probability Plot
[ Density Trace

[~ Symmetry Plot

0K I Cancel All Help
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Sau day 1a cic két qua va giai thich trong mé ta thong ké miu quan sat véi vi du sir dung Dir

liéu 1 trong Phu luc: Khéao sét trit lugng ring cua mdt trang thdi, st dung 6 miu dé do tinh trit

luong (M, m’*/ha), tir ddy mé ta thong ké cac dic trung co ban vé trir lugng cua trang thai rimg nay.

3.2 Tinh toan cac chi tiéu théng ké mé ta mau

Mo ta mot mau quan sét thong qua céc chi tiéu thong ké co ban nhur trinh bay trén. Céc chi
tiéu nay c6 thé tinh toan nhanh chéng quan cdc chuong trinh excel, Statgraphics, SPSS, R. Sau day

la str dung Statgraphics.

Tém tit cdc chi tiéu théng ké mo ta
(Summary Statistics):

Tables

Trong hop thoai Tables, chon Summary

Statistics, ¢6 cac chi tiéu thong ké sau:

Summary Statistics for M

Count 27
Average 76.1481
Median 78.0
Mode 78.0
Variance 572.67
Standard deviation 23.9305
Coeft. of variation 31.4263%
Standard error 4.60543
Minimum 34.0
Maximum 124.0
Range 90.0

Stnd. skewness 0.249982
Stnd. kurtosis -0.415415

The StatAdvisor

This table shows summary statistics for M.

It includes

measures of central

™ Analysis Summary
s

[~ Frequency Tabulation
™ Percentiles

™ Stem-and-Leaf Display
[” Confidence Intervals

™ Hypathesis Tests

o]

Cancel ‘ All | Help |

Céc chi tiéu thong ké xuit ra nay c6 thé
thay d6i, thém vao hay b6t di theo nhu ciu
nghién ctru.

D¢ thay doi cai dat chi tiéu thong ké

xuat ra, tién hanh:

Edit/Preferences va lya chon trong hdp

thoai
Preferences X
Control Charts } Runs Tests ] Crosstabs } Graphics 1 Gage Studies ] Language }
General | EDA | ANOVA/Regression | Forecasting ~ Stats | Dist. Fit | Capabifty |
Summary Statistics
¥ fiverage. | Maimum _a
¥ Median ¥ Range
W Mode ™ Lower Quartile
™ Geometric Mean ™ Upper Quartile
[~ Trimmed Mean ’57 % | Interquartile Range
I Winsorized Mean [~ 1/6 Sextile
W Variance [ 5/6 Sextile
[V Std. Deviation ™ Intersextile Range
W' Coeff. of Variation ™ Skewness
W Std. Emor [V Std. Skewness
™ Winsorized Sigma ™ Kurtosis
I~ MAD [V Std. Kurtosis
I™ Shi [~ Sum
¥ Minimum ™ Sum of Squares
0K Cancel Help

tendency,
measures of variability, and measures of shape.
Of particular interest here are the standardized
skewness and standardized kurtosis, which can
be used to determine whether the sample comes
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from a normal distribution. Values of these
statistics outside the range of -2 to +2 indicate
significant departures from normality, which
would tend to invalidate any statistical test
regarding the standard deviation. In this case, the
standardized skewness value is within the range
expected for data from a normal distribution. The
standardized kurtosis value is within the range
expected for data from a normal distribution.

Trong phin tu van théng k& cla
Statgraphics (The StatAdvisor) da gidi thich
Stnd. Skewness va Stnd. Kurtosis nim trong
pham vi -2 dén +2 nén phin bd clia miu quan sat
tiém can chuén.

Dic trung ctia mau ciing dugc biéu hién qua phan bo tan s6 s6 6 miu theo cip M trong Hinh

3.1. Hinh nay cho thdy cdc phan b6 6 miu c¢6 xu hudng tiém cin phin bd chuan, véi kiéu dang

phan b kha dbi xung.

Histogram

15F

12r

Tan so

Ob——= f ——

T W W W S W )

0 30 &0

D 120 150

M (m3/ha)

Hinh 3.1. Phan b s 6 mau theo cap tr&r lvong (M, m¥ha) thuc hién trong Statgraphics:
Graphs/Frequency Hitogram

3.3 Kiém tra phan b6 chuan ctia mau quan sat - bd sung s6é liéu

hodc doi bién sé

MAu quan sét tiém cin phin bo chuan rat quan trong, né cho biét gid tri trung binh va uéc

luong bién dong ctia né c6 bao dam do tin cdy hay khong. Do vy, phan mém Statgraphics quan

tAm 4p dung Stnd. Skewness va Stnd. Kurtosis dé chi ra c6 dat chuan hay khong. Ngoai viéc st

dung Stnd. Skewness va Stnd. Kurtosis, con c6 thé sir dung cic biéu d6 phin bb dé danh gid chuan
héa ciia miu nhu biéu d6 phan bd tan sb, Quantile, Normal Probability, Q-Q, P-P (Wilk et al.,

1968).

Néu miu chua chuan thi c6 hai giai phap:
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Riit mau b6 sung: Chi dp dung trong diéu tra, phong van; khong thé dp dung cho céc b tri thi
nghiém trong cdy, gieo wom. Vi vdy, cic thi nghiém nhu vy can bd tri ngay tir dau s6 mau 16n, it
nhat 1a 30.

Viéc b6 sung mau tinh theo dung lwgng miu can thiét dé biao dam sai sd cho trudc va do tin
cay (dugc trinh bay trong muc trudc “Tinh toan dung lugng mau”).

Poi bién s6: Bang cach ddi bién s theo cdc dang: logarit, sqrt, X°, exp,... dé bién miu c6 phan
b6 roi rac thanh lién tuc, tir ddy c6 thé tiém can dwoc luat chuan. Thir véi céc cdch dbi bién sb khéc
nhau va kiém tra c6 tuan theo phan bd chuan hay khong.

Kiém tra phan bd chuin ctia miu bang | Graphs X
biéu do trong Statgraphics:
; T . . 2. [ Scatterplat
C6 ba loai bicu do thuong dung dé danh
A A 2 . . [ Box-andwhisker Plat
gia phan bo chuan dugc chon trong hp thoai _
v Frequency Histogram
Graphs: _
¥ Quantile Plat
Frequency Histogram, Quantile va ¥ Mormal Probability Plat
Normal Probability Plot [ Dersity Trace
[ Spmmetry Plat

Ok, | Cancel All Help

Histogram Quantile Plot Normal Probability Plot
15F ! ' ! - 1F s
g
12} 1 0.8f * 3
c ;
3 o | -go,& % 9
c 5} ]
S 6 ] 5'0.4— E 1
o : ,
3t . 0.2p ; 1
:
oL — L. TSSO 0.1 :
0 30 60 90 120 150 A I 8 Ll TS 34 54 74 94 114 134
M (m3/ha) M (m3/ha) M (m3/ha)

Hinh 3.2. Biéu d6 phan bd tan s6 Histogram, biéu d6 Quantile biéu dién xac suét tich Gy theo bién sb,
biéu do Normal Probability biéu dién xac suat % tich ldy theo bién so

Hinh 3.2 cho thdy phin bd mau tiém can chuan khi ¢6 biéu dd Histogram tiép cin hinh
chudng (phan bd dbi xtng), phin bd xdc sudt nim trén duong chéo, cang xa hoic léch so vai
duong chéo thi miu c6 phan bd cang léch chuén.

Vi dy trong Hinh 3.2 cho thdy miu quan sit khd chuan va phit hop véi két qua theo Stnd.
Skewness va Stnd. Kurtosis trén day.

Phan mém SPSS ¢6 chirc ning 1ap céc biéu d6 phin bd P-P va Q-Q dé kiém tra phan bd chuan
cia miu nhu duéi day:
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Lap bieu do P-P va Q-Q trong SPSS: =
Variables Test Distribution
& st fn Normal
Thuyc hién theo menu: Analyze/ Descriptive | | %2
. o | Distribution Parameters
Statistics/ Chon P-P Plots hoac Q-Q plots. | 12 Estmat fom i
Trong hop thoai P-P hodc Q-Q Plots chon i
e z . x 2 L2 R 2 ] Natural log fransform F:mnomar\ Estimation F::rmu\a
bi€n s6 ciia mau can ki€ém tra luat chuan. ‘ R — DD G ) AT
| Difference: =
| Rank Assigned o Tie:
Ngoai ra con c6 cic lya chon khic nhu: s - 8 iom Otin OLow
* * DELFETI R AR © Break ties arbitrarily
A <A A . A x ‘A : Paste -Beset -Cance\ -He\
- Boi bien s0 theo logarit neper € mau tiém ’
can chuin: Chon Natural log transform.
<z . 2 A z faa ots x
- Gid tri quan sat dugc chuan héa: Chon | =™
Variables Test Distribution
Standardized values. T s Nermal -
SH
_ M Distribution Parameters
...... l Estimate from data
Transform
B Natural log transform Proportion Estimation Formula
H] Standard r ® ploms © Rankit © Tukey's
— HLE © van der Waerden's
[”] Difference:
Rank Assigned to Ties
® wean O High © Low
CumreniBesiodichy:gtione © Break ties arbitrarily |
4£asla Reset Cancal‘ Help |
Normal P-P Plot of M o Normal Q-Q Plot of M
1.0
1)
1207
0.8
[ ]
Lt
-§ * é 100 >
o _| -
E 0.6 E
= . S o
3
% o E: °
3 2
fin] 2 60
w
0.2
404
oo T T T T 20 ; T T T T
00 02 04 06 08 1.0 20 40 60 80 100 120 140
a) Observed Cum Prob b) Observed Value

Hinh 3.3. Bidu d& P-P (a) va Q-Q (b)

Mau c6 phan b6 chuan khi xéc suat clia gid tri quan st va ude lugng nam trén duong chéo tir
toa do (0, 0) dén (1, 1) ctia biéu d6 P-P. Mau ciing c6 phin bd chuan khi gid tri quan sét va wéc
luong phan bd trén duong chéo cua biéu do Q-Q. Trong vi du rit miu udc tinh trit lugng rimg M,
Hinh 3.3 cho thiy day gi4 tri quan sit M c6 phan bd tiém cén chudn, x4c suat ciing nhu dir liéu bam
st cac dudng chéo trén hai biéu dd P-P va Q-Q.

MGt vi du khac la diéu tra sinh truéng chiéu cao (H, m) cta 20 cay Sao den voi ) liéu nhu sau:
23.0;23.0; 22.3; 22.1; 6.9; 7.0; 6.7; 6.4; 6.8; 6.8; 7.9; 8.0; 7.5; 7.5; 12.3; 12.3; 4.3; 4.2; 9.0; 8.9.

Két qua tinh ddc trung mau va biéu d6 xdc suat cho thay viéc rit mau véi 20 ciy dé danh gia
sinh truéng chiéu cao (H) keo la chua c6 d¢ tin cay, vi mau chua du (chua chuéln). Véi Stnd.
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Skewness = 2.34 > 2 va phan b mau quan sat sai 1éch qud 16n so v6i duong chéo chuan (trong

Statgraphics).

Mo ta théng ké ctia mau do chiéu cao 20

cay sao den thuc hién trong Statgraphics.

Count 20
Average 10.645
Standard deviation 6.44878
Coeff. of variation 60.5804%
Minimum 4.2
Maximum 23.0
Range 18.8

Stnd. skewness 2.34108
Stnd. kurtosis 0.0990205

Normal Probability Plot

999 T T T T
99t
95+
80+ ]

X 50t
20t

L]
L4
[ d
*

12 16 20 24
H (m)

B
o

Biéu d6 xéac suat cua H cay Sao den. Gid
tri phan bo nam rat 1éch so vdi duong chéo cho
thiy miu chua chuan.

Vé&i mot mau diéu tra chua chuan, dé chuan héa c6 thé thong qua doi bién sb theo cdc dang

log(x), sqrt(x), 1/x.

B6 sung thém dir liéu do dac dé miu quan st bao dam c6 phan bd chuan thuong duoc thyc

hién & cdc nghién clru rit miu thong qua diéu tra. Tinh todn lai s6 ciy do dac dé bao dam do tin

cay ude lugng 95% va sai s6 tuong ddi 1a 10% nhu sau:

Hé s6 bién dong: cyop = 2100 = &495 100 = 60.58%
X 10.64

Vi d0 tin cay 95%: t = tiniv(0.05, 19) = 2.09 (thyc hién ham tinv trong excel)

S6 cay can do dac dé dat sai s6 10%: N, ={*CV% IA%)* = (

2.09x60.58%

2
0% ) =160 cay

Nhu vay khao sit nay chi méi do tinh duge 20 cy, vay sé mau can b6 sung dé dat chuén Ia

160 — 20 = 140 cay.

3.4 Uéc lwong bién dong cua sé trung binh véi dé tin cay cho trwéc

Sé trung binh duoc udc lugng trong mot khoang bién dong theo d¢ tin cay cho trudc. B9 tin

cdy cang cao thi khoang bién dong cang rong. Khoang bién dong theo mot do tin ciy (Confidence

Intervals) trong Statgraphics duoc tién hanh nhu sau:
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U'dc lugng khoang bién dong cua trung
binh theo d tin cy cho trudc:

Trong hop thoai Tables, chon
Confidence Intervals

Két qua nhu sau:
Confidence Intervals for M

95.0% confidence interval for mean:
76.1481 +/- 9.46662 [66.6815, 85.6148]

95.0% confidence interval for standard
deviation: [18.8457, 32.7951]

Két qua trén cho thay bién dong cua trung binh trong khoang + 9.466m’/ha, nhu vay véi do tin
cdy 95% thi trung binh trt lugng M = tor 66.681 dén 85.615m’/ha. Ngoai ra chuong trinh
Statgraphics con udc tinh bién dong cua do léch chuén (Standard Deviation) twong trng vi bién

ddng cua trung binh.

Trong thyc té tiy theo dic diém, yéu cau ctia cudc diéu tra danh gid, thi nghiém ma chon mirc
d6 tin cdy khéc nhau, théng thudng 12 90% hodc 95% hodc 99% dé wdc khoang bién dong cua sb

trung binh.
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Chuorng4
TIN HOC THONG KE SO SANH

4.1 So sanh trung binh mét mau v&i mét gia tri cho trwéc

Trong md ta quan sit mot mau, nguoi ta c6 thé c6 yéu cau dénh gid gia tri trung binh cta
mau vi mét gia tri cho trudc, vi du tir do dém chiéu cao cua ciy tai sinh trong rimg khop, so sanh
voi mot gid tri cho trudc vé chidu cao mong doi dé cay rimg vuot qua duoc lira rimg, xem thét sy
chiéu cao téi sinh ctia 16 rimg d6 da dat yéu cau hay chua? Hodc trong vuon wom, so sdnh trung
binh chiéu cao ctia ciy con so voi yéu cau chiéu cao xuat vuon.

C6 thé c6 nhiéu vi du cho viéc dp dung tiéu chuin thdng ké nay nhu 1 so sanh trung binh
nong d6 CO, trong khong khi véi tiéu chudn an toan; so sanh chi tiéu ham luong héa chét ¢ trong
thye phim v6i ndng do/ham lugng cho phép, ...

D¢ giai quyét van dé nay, sir dung kiém dinh t mot miu voi diéu kién mau c6 phan bb chuén.
Mau phin b6 chuin dé biao dam ring gia tri trung binh 1a di dai dién cho ddi twgng quan sat va
bién s6 t ciia phin bd chuan c6 thé dugc dp dung dé danh gid trung binh so véi gia tri cho trudc p
nao do.

Gia thuyét H: X = 1: Trung binh gid tri quan s4t bang gi4 tri 1y thuyét cho trudc
Cong thtrc t kiém tra mot mau vai mot gia tri cho trudc (Laar va Akca, 2007):

Ko (4.1)

Trong d6, X 12 gid tri trung binh ctia mau, p 1a gia tri 1y thuyét cho truéc dé so sanh véi trung
binh miu, S 12 sai tiéu chuan va n 1a s6 lugng miu quan sét.
Tur s6 liéu quan st, v6i gia dinh mau c6 phan bd chuan, tinh todn bién s6 t va két luan:

- Néu gid tri tuyét ddi t tinh dwoc: Itl > s, ap (t 1y thuyét & mirc ¥ nghia o, thuong la 5%) thi
c6 thé két luan c6 sy khic biét c6 ¥ nghia thong ké giira trung binh mau véi gia tri cho trude d6
(bdc bo gia thuyét Ho). Trong trudng hop nay néu t tinh < 0 thi c6 nghia trung binh ctia miu nho
thua c6 y nghia so véi gid tri cho trudc, ngugc lai néu t tinh > 0 thi trung binh ctia mau 16n hon ¢6
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¥ nghia so véi gid tri cho truée. Dong thoi, dé don gian, két qua tinh todn mirc ¥ nghia thong ké o
(thudng 1a 5%) hay goi la P, hay Significance alpha (Sig.), néu Sig. < 0.05 thi két ludn c6 sy sai
khic giita trung binh mau véi gid tri cho trudc va néu t < 0 thi miu c6 binh quin bé hon gfa tri so
sanh va ngugc lai néu t > 0 thi trung binh 16n hin gid tri so sdnh cho trudc.

- Néu It| tinh < t0.0s, an thi co thé két luan & mirc y nghia 5% trung binh miu quan sit xap xi
Vi gia tri cho trudc (che”ip nhan gia thuyét Hy). Hoac Py, hodc a hodc Sig. > 0.05.

Vi du: Riit miu do tinh chiéu cao (H, m) cAy tai sinh trong rimg khdp va kiém tra xem trung

binh H ctia cy tai sinh ¢6 16n hon 2m hay khéng; vi néu H da thyc sy > 2m thi khu rimg nay di c6
16p cAy tai sinh c6 trién vong thanh ciy gd, vugt qua dugc lira rimg.

Str dung Dir liéu 3 trong Phuy luc dé so sanh chiéu cao cdy tai sinh rimg khop voi yéu cau dat
chiéu cao 2m, thyc hién trong chuong trinh SPSS.

Dau tién kiém tra miu c6 phin chuan hay khong (hay s ciy do cao di dii dé mau dat chuan).

Su dung biéu do Q-Q dé xem xét #2Q-Q Plots «

A A A 7 x . Variables: Test Distribution
phan bo Chuan cua mau: & st & Htai sinh [Htaisinh] Normal -

Trong SPSS, vao menu: Analyze/ ,
. . . . Distribution Parameters
Descriptive Statistics/Q-Q Plots. ¥ Estimat from data

Trong hop thoai Q-Q Plots chon bién
s6 can phan tich (H tdi sinh)

Transform
Proportion Estimation Formula

® Blom's © Rankit © Tukey's
© Van der Waerden's

[”] Natural log transform
[] standardize values
[7] Difference:

Current Periodicity: Mone

Rank Assigned to Ties
@ Mean © High © Low
© Break ties arbitrarily

Lo ) (e

Normal Q-Q Plot of H tai sinh

3.0

2,57

P
=]
1

Expected Normal Value
o
|

1 I
05 1.0 15 20 25 3.0
Observed Value

Hinh 4.1. Bidu db Q-Q cua gia tri chuan va quan sat cta H tai sinh cay con rirng khop
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Két qua so 6 Q-Q ¢ Hinh 4.1 ¢6 gié tri woc lugng chudn va quan sit phan bd khd bam sat
duong chéo, chip nhan miu c6 phan bd tiém can chuan.

Trén co s phan bd chuin ctia mau, sir dung t test dé so sanh trung binh miu voi gia tri cho
trude trong SPSS.

Str dung T test mot mau trong SPSS: 2 One-sample T Test X
Menu: Analyze/Compare Means/One- festvananle(s)
& st & Htai sinh [Htaisinh]
Sample T test.
Trong hop thoai, chon bién sé phan tich
(H tai sinh) va nhap gia tri cho trudc dé so

sanh véi trung binh: Test Value, trong vi du

TestValue: E

[ OK ][Easte.][.geset][Cancel][ Help ]

nay la 2.

Két qua T test cia mot mau so voi gid tri cho trudc test value = 2 trong SPSS:

One-Sample Statistics

Std.
N Mean o Std. Error Mean

Deviation

H tai sinh 61 1.644 4935 .0632
One-Sample Test
Test Value = 2
95% Confidence Interval of the
) ) Mean .
t df [ Sig. (2-tailed) . Difference
Difference
Lower Upper

H tai sinh -5.630 60 .000 -.3557 -.482 -.229

Két qua tir SPSS cho thy chiéu cao trung binh (Mean) clia ciy téi sinh rimg khop ctia 16 rimng
nghién ctru la 1.644m. Gid tri Itl = 5.63 véi mic y nghia Sig. (2-tailed) = 0.00 < < 0.05. C6 nghia la
chiéu cao trung binh ciy tai sinh khic biét so voi gid tri mong dgi 2 m so sdnh & d6 tin cay 95%.
Trong khi d6 t = - 5.63 < 0, vi vay két luan 12 trung binh H cAy tai sinh nho thua 2m rd rét, hay theo
yéu cau vé sinh thdi thi 16 rimg nay c6 cdy téi sinh chua vugt duoc Iira rimg.

4.2 So sanh hai mau quan sat - thi nghiém

4.2.1 So sanh sy sai khac gitra trung binh hai mau quan sat déc lap

Trong cdc nghién ctru, thi nghiém thudng ngudi ta cin so sanh két qua cta 2 miu hodc 2
codng thirc doc lap, vi du: San lugng ring noi cé boén phan hay khong bon phan, sinh trudng ciy con
noi cé che bong hay khong che béng, sinh truong va tdi sinh cta cdy ring noi dugc cham séc va
noi khong, sinh trudng ciy rirng noi chdy va khong chdy... Cac nghién curu, thi nghiém nhu vay goi

51



1a so sanh hai mau doc 1ap. Viéc dp dung thong ké dugc tién hanh theo phuong phép so sanh 2 s6
trung binh ciia hai miu doc 1ap bang céc tiéu chuan t.

Gia thuyét Hy: iy = [y, trong d6 p; va y, 1a trung binh wéc lugng téng thé clia hai mau

Cong thirc tinh gi tri kiém tra t (Nguyén Hai Tuat, 1982; Ngoi Kim Khoi, 1998, Ngé Kim
Khdi et al., 2002; Jayaraman, 1999):

X, — X

(ny — 1S + (np —1)S7 1 + 1
n+n,—2 (nl nz)

4.2)
Trong d6: Xl, Xz: Trung binh cua mau 1 va 2.

Si%, S,* Phuong sai mau 1 va 2.
n;, ny: Dung lugng cua mau 1 va 2.

Néu gid tri tuyét ddi cua t: It tinh 16n hon t 1y thuyét véi 0=0.05 va do tu do df = n;+n,-2 (str
dung excel dé tinh t 1y thuyét: = tiniv(0.05, df)) thi bac bo gia thuyét Hy; hodc Pyyu < 0.05, thi
trung binh 2 mu sai khic ¢6 y nghia. Nguoc lai thi chip nhan gia thuyét Hy, trung binh hai miu
chua c6 sy khéc biét c6 y nghia.

Khi sir dung tiéu chuén t dé so sdnh 2 mau doc lap, can kiém tra 2 diéu kién:

- Tan s6 phan bd ciia ca hai mau phai tun theo phan bd chuan. Trong truong hop mau chua
chuén, thi nhu da gidi thiéu trong muc thong ké md ta, can bo sung thém dir liéu dé mau dat chuan,
hodc ap dung tiéu chuin so sdnh phi tham s6 (trinh bay ¢ cdc muc tiép theo).

- Phan biét sai tiéu chuan hodc phurong sai ctia hai miu c6 bang nhau hay khong.

Vi dy: Kiém tra sai khéc sinh truéng chiéu cao (H) ctia 2 phuwong phép trong thong 3 14 Pinus
kesiya bang cAy con va ré trn tai tram thyc nghiém cta Vién Nghién ctru LAm sinh & Lang Hanh-
Lam Pong: Mi cong thirc dwgc rit mau ddc 1ap theo o tiéu chuan 1000m?, trong 6 do dém chiéu
cao tat ca cdc cay; ) liéu trong Dit liéu 4 & phﬁn Phu luc.

Str dung Statgraphics dé kiém tra thong ké bang tiéu chuan t trong trudng hgp 2 mau doc 1ap:

I+
-

5 e X A A Eile Edit Define Measure | Analyze Improve Control Forecast SpapStats!!
St dung so sanh 2 mau doc lap L

E Variable Data 3 One-Variable Analysis...
trong Statgraphics: Analyze/ Variable ol Attribute Data v|  Capability Analysis »
Data/TWO Sample Comparisions/ st Hypothesis Tests » Basic Control Charts »
Reliability Analysis ’ Qutlier |dentification...

Independent Samples. !

HE -~ ImeH v

— . ]T Distribution Fitting >
Independent Samples... Two Sample Comparisons 3
Paired Samples... } Multiple Sample Comparisons 4

Suoser anaysts H 30 | Multivariate Methods »

One-Variable Analysis - F 21 75 T "
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Two-Sample Comparison

Hcapconm Sample 1:

|H cay conm

Sample 2:

A - P <A A H re tran m
Trong hdi thoai, chon cic bién so El
(Select]

cta hai mau so sanh |

Input
[v' Sort column names
" Two Data Columns

" Data and Code Columns

1] Cancel Delete Transform. Help J

Graphs X
Klém tra hai Il’lE:lll co phﬁl’l b6 Chlléll’l v Frequency Histogram
hay khong bang biéu do: Trong hop thoai [~ Density Trace
Graphs chon hai dang biéu dd dé kiém tra [ Bow-andwhisker Plot
phan bd chuin ciia hai miu: Frequency [ Quantie Plot
Histogram va Quantile-Quantile Plot. ' Quantile-Quantile Plot
[ o | canca | | Hep |

Két qué hai biéu dd kiém tra phan bd chuan cta hai miu thé hién & Hinh 4.2. Tir biéu d6 Q-Q
cho thdy xéc sudt phan bd cta hai mau ndm léch xa duong chéo va biéu d6 phan bé tan s cho thiy
phan bd 1éch. Vi vay, ca hai mau déu c6 phan bd chua chuan.

Quantile-Quantile Plot H cay con

frequenc
q y N N~
[$)] [6)] (6]
1 1 |

—_
(&)]
T
L

w
[é)]
T

8 1 1 1 1 I
8 10 12 14 16 18 7 9 11 13 15 17 19

H cay con Hre tran

Hinh 4.2. Biéu d6 Q-Q (trai) va phan bb tan sé theo cép H (phai) clia hai mau thi nghiém
trong théng 3 14 bang cay con va ré tran
Ngoai ra, dé khing dinh c6 thé kiém tra thong qua gid tri cia Stnd. Skewness va Stnd.
Kurtosis (két qua ctia so sdnh hai miu trong Summary Statistics). Két qua cho thay hodc/va Stnd.
Skewness va Stnd. Kurtosis ndm ngoai pham vi [-2, +2]. Do do6 khéng dinh 12 hai mau chua dat
chuan (Cich xéc dinh céc gid tri thong ké nay s& trinh bay trong budc tiép theo khi so sdnh hai
mau). Trong trudng hop nay khong nén sir dung tiéu chuan t dé so sanh trung binh hai miu, vi két
qué c6 kha ning khong phan anh ding thyc té do mau dugc riit chua chuan (chua du 16n). Liic nay
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c6 hai giai phap: Riit bé sung mau dé dat chuan va tiép tuc 4p dung tiéu chuan t hoic dp dung tiéu
chuan théng ké phi tham s6 (khong yéu ciu mau dat chuan — s& gidi thiéu & phan tiép theo trong
gido trinh nay). Tuy nhiéu, & diy mau duogc thu thap kha 16n (>90 cAy cho mdi mau), do d6, tam
thoi chdp nhan gia thuyét phan bd chuan ctia 2 mau dé thir Gmg dung tiéu chuan t dé so sanh.

Tiéu chuan F dé kiém tra sy bang nhau ctia phuwong sai ctia hai mau véi gia thuyét phuong sai

tong thé ctia hai miu biang nhau: Ho: 012 = 022. Cong thuec tinh gid tri F (Jayaraman, 1999):

52 4.3)
F f—

o5
Trong d6 S7, S 1a phuong sai cia miu 1 va 2. Két qua F tinh duoc s& so sanh v6i F 1y thuyét

o mirc P =0.05 va d6 tuy do df; = ny -1 va df, = n, — 1, v6i ny va n, 1a dung lugng mau cia mau 1 va
2. Néu F < Fg05. a1, apy hodc Pygye > 0.05 thi chap nhan gia thuyét Hy va két luan 12 hai phuong sai
bang nhau; nguroc lai thi hai phuong sai khong bang nhau. Gia tri F 1y thuyét c6 thé xdc dinh thong
qua ham =Finv(a, df}, df;) ctia Excel. Sau day la tinh F dé kiém tra su béng nhau cua hai phuong
sai hai mau trong Statgraphics.

Kiém tra phuong sai ciia 2 mau bang tiéu
chuin F: St dung hop thoai Table va chon:
Comparision of Standard Deviations.

Cho ra két qua:

Comparison of Standard Deviations —
Hcayconm |H retranm

Standard 1.59993 1.46565 [ Analysis Summary

deviation e

Variance 2.55976 2.14814 I Comparison of Means

Df o1 92 ¥ Comparison of Standard Deviations

™ Comparison of Medians

Ratio of Variances = 1.19162 - )
Kolmogorov-Smimov Test

F-test to Compare Standard Deviations Ok | Cancel Al Help

Null hypothesis: sigmal = sigma2

Alt. hypothesis: sigmal NE sigma?2

F=1.19162 P-value = 0.403068

Do not reject the null hypothesis for alpha = 0.05.

Két qua trén cho thay F = 1.19 v6i Py, = 0.40 > 0.05, két luan chua thé bac bo gia thuyét H
vé sy bang nhau cta hai phuong sai ctia hai mau. Hay néi khéc la chip nhan gia thuyét Hy (Null
Hypothesis) 12 hai phurong sai (sai tiéu chuan) ctia hai miu bang nhau.

Trong trudng hop ngugc lai néu Py, < 0,05 thi phuong sai 2 miu khong bang nhau, liic nay
van c6 thé 4p dung tiéu chuén t, nhung trong truong hop hai phuong sai khong bang nhau. Excel da
cung cap kiém tra t cho ca hai trudng hop phuong sai hai miu bang nhau hoic khong bang nhau.
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Bao gom: t-Test: Two-Sample Assumning Equal Variances va: t-Test: Two-Sample Assumning

UnEqual Variances.

Dudi day 1a vi du kiém tra t v6i hai phuong sai khéng bang nhau khi sir dung Excel

So sdnh hai mau bang tiéu chuan t trong Excel
khi hai phuong sai khong bang nhau: Data/Data

Data Analysis

Analysis Tools

. Histogram A
AnlySlS . Moving Average Cancel
Random Number Generation
A . . . Rank and Percentile
Trong hop thoai chon: t-Test: Two-Sample | | 050 Help
. . Sampling
Assumnlng UnEqual Varlances‘ t-Test: Paired Two Sample for Means
t-Test: Two-Sample Assuming Equal Variances
z-Test: Two Sample for Means M
Trong h6p thoal. t'TeSt: TWO—Sample ASSum_ning t-Test: Two-Sample Assuming Unequal Variances ? X
nEqual Variances. Cung cip cdc thong tin: I
U q C g p g Variable 1 Range: $B$1:$B$93 !ﬂ
. ~ . 2 I 1A 5 X ) - Cancel
- Variable 1 Range: Day dia chi dit liéu cia mau 1 Variable 2 Range: SCs1:5C594 =
- Help
. ~ . ” ~ 1e A Y x Hypothesized Mean Difference: 0
- Variable 1 Range: Day dia chi di li¢u ciia mau 2
* * Labels
- Hypothesized Mean Difference = 0 i
, . . Qutput options
- Label: Kich chon néu c6 khai trong day dit liéu @ Qutput Range: ses1 =

- Alpha: Mic dinh 12 0.05, c6 thé thay d6i theo muc
dich nghién ctru.

- Output Range: Noi xuit ra két qua phan tich t

O New Worksheet Ply:

O New Workbook

Bang 4.1. Két qua so sanh trung binh hai mau doc 1ap bang tiéu chuén t trong trudng hop phuwong sai hai
mau khéng bang nhau (thwc hién trong Excel)

t-Test: Two-Sample Assuming Unequal Variances

Céc chi tiéu thong ké H ciy con H ré tran
Mean (Trung binh, m) 11.60435 13.40323
Variance (Phurong sai) 2.559761 2.148142
Observations (S6 miu quan sit) 92 93
Hypothesized Mean Difference (Gia thuyét vé sy khdc nhau ciia

hai trung binh 0

Df (B¢ ty do) 181

t Stat -7.97168

P(T<=t) one-tail 8.52E-14

t Critical one-tail 1.653316

P(T<=t) two-tail 1.7E-13

t Critical two-tail 1.973157
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Két qua Bang 4.1 cho thay It Statl = 7.97 > t Critical two-tail = 1.97, hoic P(T<=t) two-tail =
1.7E-13 < 0.05; c6 nghia 1a bac bo gia thuyét Hy vé sy bang nhau cua trung binh hai miu.

Tr6 lai véi kiém tra trung binh hai miu trong truong hop hai phuong sai bang nhau (c6 thé dp
dung Excel nhu truong hop hai phuong sai khéng bang nhau). Dudi day tiép tuc gidi thiéu dp dung
Statgraphics.

Mo ta hai miu trong Statgraphics. Tables ‘ X |

Trong hop thoai Tables, chon: Summary ™ Analysis Summany

Stattistics va Comparison of Means ¥ Summany Statistics

[ Comparizon of Means

[T Comparizon of Standard Deviations
[ Comparizon of Medians

[ Kolmogaroy-Smirmoy Test

Ok | Cancel Al Help

Bang 4.2. Két qua mo ta théng ké ctia hai mau trong Statgraphics

Summary Statistics H cay con H re tran
Count 92 93
Average 11.6043 13.4032
Median 12.0 13.5
Mode 12.5 14.0
Variance 2.55976 2.14814
Standard deviation 1.59993 1.46565
Coeff. of variation 13.7873% 10.9351%
Standard error 0.166804 0.151981
Minimum 8.0 8.0
Maximum 15.0 16.5
Range 7.0 8.5

Stnd. skewness -2.23744 -3.38989
Stnd. kurtosis -0.398833 3.8466

Bang 4.2 xuét ra cic chi tiéu thong ké cho mdi mau nhu da gidi thiéu trong muc théng ké mo
ta. Két qua nay ciing khang dinh lai hai mau nghién ciru chua chuan vi Stnd. Skewness hodc/va
Stnd. Kurtosis nim ngoai [-2, +2]. Do d6, két qua so sanh trung binh hai miu trong truong hop nay
chi 12 huéng dan tng dung Statgraphics.

56



So s4nh trung binh hai miu trong Statgraphics
(truong hop hai miu chuan va phuong sai bang nhau):
Trong hop thoai Tables chon Comparison of Means.

Két qua nhu sau:
Comparison of Means:

95.0% confidence interval for mean of H cay
con: 11.6043 +/- 0.331336 [11.273, 11.9357].

95.0% confidence interval for mean of H re tran:
13.4032 +/- 0.301848 [13.1014, 13.7051].

95.0% confidence interval for the difference
between the means assuming equal variances: -
1.79888 +/- 0.445016 [-2.24389, -1.35386]

t test to compare means:
Null hypothesis: meanl = mean2

Alt. hypothesis: meanl NE mean2 assuming
equal variances: t = -7.97547 P-value = 1.79536E-7

Reject the null hypothesis for alpha = 0.05.

Tables X

I~ Analysis Surmmary

I~ Summary Statistics

W Comparizon of Means

I Comparison of Standard Deviations
I Comparizon of Medians

I~ Kalmogorow-Smirmoy Test

ar | Cancel Al Help

Két qua trén cho thiy t = -7.97 va Py, = 1.79E-7 < 0.05, c6 nghia 1a gia thuyét Hy bi bic bo
hay néi khéc trung binh hai mau c6 sy sai khic & do tin ciy 95%.

So sénh sy sai khdc cta trung binh hai mau bang
biéu d6 Box and Whisker trong Statgraphics: Trong
hop thoai Graphs, chon Box-and-Whisker Plot

Graphs

™ Frequency Histoaram
™ Density Trace
W Box-and‘Whisker Plat

[ Quantile Plot

0K | Cancel All Help

Box-and-Whisker Plot

H cay con |— + —l

Hretran |e o . |—

1.

8 10 12 14 16 18

Hinh 4.3. Biéu d6 Box-Whisker biéu dién trung binh va bién dong H clia hai mau quan sat trong thong
theo phwong phap cay con vareé tran
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Két qua trén cho thiy sinh trudng ciia P. kesiya trong bang 2 phuong phap khac nhau sai di rd.
Chiéu cao binh quan cay trong bang ré tran hon hin trong bang cdy con qua biéu d0, do vay, trong
truong hop nghién ciru nay, phuong phép trong théng 3 14 bang ré tran can duoc Gmg dung trong
thuc tién.

4.2.2 So sanh sw sai khac hai trung binh cta hai mau quan sat bat cap
Hai miu bt cdp la trén cing mot dbi twong c6 mdt cap dit liéu dugc thu thap, c6 nghia l1a dir
lidu dugc sip xép va so sanh cip ddi. Trong cic nghién ciru, c6 truong hop cin so sanh két qua tir
hai phuong phép, thi nghiém khéc nhau trén ciing mot d6i twgng, vi du nhu bén phéan theo d6 tudi
khac nhau, nhu vay s& c6 timg cap dit liéu sinh trudng theo tudi dé so sanh sy anh huong ciia bén
phan. Hodc trong thAm dinh cdc md hinh u6c lugng, can so sanh do tin cay cua gia tri woc lugng
qua mo hinh véi gid tri quan sat trén cing mot ddi twong. Vi du sir dung mé hinh quan hé chiéu cao
(H) va dudng kinh ciia cdy (D) dé woc lugng H qua D ma khong phai do cao, dé danh gid do tin ciy
ctia md hinh, so sianh H wéc lugng qua md hinh véi H do truc tiép cla ting cay, day ciing 1a so
sanh hai miu bét cip, tirc 1a mdi cdy véi D cu thé s& c6 hai gid tri chiéu cao can so sanh véi nhau.
Trudng hop nay sir dung tiéu chuan t bat cip (paired t test). Diéu kién dé 4p dung tiéu chuan t
nay 12 sai 1éch (d) cua cic cip dir lidu c6 phan b chuan.
C6 n cdp dit li€u quan sét bao g(‘Sm: (X1, V1), (X2, ¥2)-... (Xn, Yn), VOi cdc gia tri quan sat x; cé
woc lugng trung binh tong thé 1a p; va cdc gi tri quan sét y; ¢6 wdc lugng trung binh tong thé 1 p,,
liic nay gia thuyét Hy: p; = p,. Trong d6 sai léch giita timg cap dit liduiladi=x,—y; voii= 1,2, ...
n va d; c6 phan b chuan. N6i khic gia thuyét Hy: d = 0. Chi tiéu thong ké cua t dugc tinh theo
cong thirc sau (Jayaraman, 1999; Nguyén Hai Tut et al., 2006):

4.4)
t =

4

\/ST%

o

1 (X d;)? “.5)
S‘%:n—l{zd?_ n }

Néu t > t,05. af = n1) hodc Py < 0.05 thi bic bé Ho, ¢6 nghia 1a trung binh ctia hai miu bat

cdp c6 sai khic c6 y nghia ¢ d9 tin cdy 95%. Nguoc lai, néu t < ti s, g hodc Py > 0.05 thi chip
nhan Ho, hay chura ¢6 sai khdc giira trung binh hai miu.

Vi du: Trong diéu tra cdy rimg, thudng lap md hinh twong quan giira chiéu cao (H) theo
duong kinh (D) dé tir d6 wdc tinh H thong qua D dé giam chi phi khi do cao cdy. Tuy nhién, dé
danh gid do tin cdy ciia mo hinh tuong quan, tir mdi ciy so sanh cip dir liéu gdm H do cao tryc tiép
va H udc tinh qua md hinh tuong quan. Day 1a truong hop so sinh 2 mau bét cap, tic 1a 2 gia tri

bat cip trén mot cay.

Str dung Statgraphics dé so sanh bang tiéu chuén t bat cap theo Dit liéu 5 & Phy luc

58



Kiém tra sai léch 2 mau bat | | =2

Cép béng tiéu chuan t: Variable File Edit Define Measure ‘Analyze| Improve Control Forecast SnapStats!!

Data/Two sample [~ { | Variable Data 3 One-Variable Analysis...
comparisions/Paired samples. o Atribute Pm ' gp.abmty Fnelys '
‘ 5 Hypothesis Tests » Basic Control Charts »
EE 5 Reliability Analysis J Qutlier |dentification...
11 Paired = Distribution Fitting ’
Independent Samples... Two Sample Comparisons »

:Eaired Samples... Multiple Sample Comparisons »
S AR - Multivariate Methods 3
Trong hop thoai chon bién so Paired-Sample Comparison Ex
sdnh cho tirng mau. . Sangle 1
q T [ dortih
Sample 2:

‘E lH m qua tuong quan

[Select)

|

v Sort column names

1] I Cancel | Delete: | Transform... Help

[V Summary Statistics
[~ Frequency Tabulation
[~ Percentiles

™ Stem-and-Leaf Display
[ Confidence Intervals

Kiém tra sai I¢ch gilta hai mau c6 chuan hay
[V Hypothesis Tests

khong:
ok | Cancel | ar | Help |

Trong hop thoai Tables chon Summary

Statistics va trong Graphs chon Normal Probability G E3
Plot

™ Bow-and‘whisker Plot
[ Frequency Histogram
™ Quantile Plot
V¥ Normal Probability Plot
[ Density Trace
[ Symmetry Plot

ok | Cancel | a | Help |

Két qua c6 Stnd. Skewnes = -0.538061 va Stnd. Kurtosis = 0.81107 déu ndm trong pham vi [-
2, +2] va db thi xdc suit phan bd chuin & khd bam st dudong chéo (Hinh 4.4); nhu vy c6 thé chap
nhan cdc gid tri sai 1éch (d) giita hai mau tiém can chuén.
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Normal Probability Plot

99.9F
99+

01 ] 1 1 L 1 1 1
-54-34-1406 26 46 6.

d=xi-vyi

6
Hinh 4.4. Bidu d6 phan b xac suét chun theo sai l&ch gitra cac dir liéu bét cap (d)

Kiém tra sy sai khdc giita cdc cip quan sit
trén cing mot mau: Trong hop Table chon

Hypothesis.
Két qua:
Hypothesis Tests for H m do truc tiep-H m
qua tuong quan: Tables n

Sample mean = 0.0617335 ™ Analysis Summary
- -y

Sample median = -0.0459924

™ Frequency Tabulation

Sample standard deviation = 2.11221 [ Percenties
[ Stem-and-Leaf Display

t-test

[” Confidence Intervals

[v Hypothesis Tests

Null hypothesis: mean = 0.0
P 0K | Cancel Al Help

Alternative: not equal

Computed t statistic = 0.184848
P-Value = 0.854306

Do not reject the null hypothesis for alpha =
0.05.

O day dung tiéu chuan t bat cip dé kiém tra sai léch (d) gitra H do tinh va H qua md hinh, véi
gia thuyét Hy (Null Hypothesis) 1a trung binh sai léch giita 2 miu d = 0. Két qua cho ra Py, =
0.854 > 0.05, hodc t = 0.18 < t(gs. ar=n-1 = 30y = 2.02; c6 nghia 1a chap nhan gia thuyét Hy. Hay néi
céch khéc, trung binh sai 1éch d 1a gan bang 0, hay hai miu chua c6 sy sai khéc, hay H wéc tinh qua
phuong trinh 1a bam sét véi s6 lidu do tryc tiép va c6 thé sir dung phuong trinh vao thyc té.
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4.2.3 Uéc lwong bién dong vé ty 1é va so sanh ty 1é cta hai mau

Ty 1¢ vé mot chi tiéu quan sit nao d6 nhur 1a ty 1¢ song, ty 1¢ cay tbt, ty 1 cAy trién vong,...
thuong dugc quan sat va can chi ra khoang bién dong voi mét do tin cdy cho trudc (thuong la
95%).

Goi p 1a ty 1¢ quan sat, n 1a s6 mau do dém va q = 1-p; cong thirc udc lugng ty 1¢ clia tong thé
mau P nhu sau (Nguyén Hai Tuat, 1982; ayaraman, 1999):

] (4.6)

P=p +tt
p = n

Vi t 1y thuyét ing voi mire ¥ nghia o (thuong 1a 0.05) va do ty do df = n-1. Gid tri t c6 thé
xdc dinh trong excel: = tinv(a, df).

Trong thyc té ¢6 thé can so sanh ty 1& ciia mot chi tiéu danh gid nao d6 giira hai miu doc lap.
Vi du so sénh ty 18 ciy trong séng hay ty 1¢ cAy khong bi sau bénh, ty 1¢ cdy tét,... giita 2 16 thi
nghiém. Liic nay gia thuyét 1a ty 1¢ giita hai mau la bang nhau: Ho: P, = P,, trong d6 P, va P, Ia ty

1¢ tong thé ctia hai miu.

Gi4 tri thong ké ctia t dugc tinh theo cong thirc sau (Jayaraman, 1999):

;= P1— P2 @.7)
P11 + P24
ny n,

Trong &6 p; vapylatylé ciamiu 1 va2;q; =1 -p;vAq =1 - py; n; va n, 12 dung lugng miu
cia mau 1 va 2.

Néu gid tri Itl > t0s, ar = nl+n2-2) hoac Pleue < 0.05 thi bac bd Ho c6 nghia la ty 1€ cta hai mau
1a khdc nhau; nguoc lai thi chip nhan Hy v6i két ludn 1a ty 1& hai mau 1a chua c6 sy khac biét 13 rét.

Vi dy ddnh gia ty 1& séng cua hai 16 rimg trong theo hai phuong phép khic nhau, mau 1 Ia
bang stump va mau 2 1a bang ciy con c6 bau. Két qua c6 p; = 0.65, p, = 0.85; suy raq; =0.35 va q,
=0.15; n; =45 va n, = 57. Tinh duoc gia tri théng ké t:

0.65 — 0.85

t= =—234
J0.65x0.35 0.85x0.15

45 T 57

Trong khi d6 t 1y thuyét: t s, ai= 454572 = 100 = 1.98 nho thua Itl, két luan 1a ty 1¢ séng ctia hai 16
rimg 1a khéc biét c¢6 y nghia ¢ do tin ciy 95%. Trong d6, ty 1¢ sdng cta phuong phap trong bing
ciy con c6 bau (85%) la cao hon trong bang stump (65%); hay trong truong hop nay diing ciy con
dé trong dat ty 18 sdng tét hon.

U'dc lugng bién dong ty 1é sdng theo phuong phép trong bang ciy con, trong d6 véi do tin ciy
95% thi t = tinv(g s, 56y = 2.0:

Pq 0.85x0.15
P=p +£t|—=0.85 % 2.0 ?—0.85i0.09
n
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Chuong 5

TIN HOC TRONG PHAN TiCH
PHUONG SAI (ANALYSIS OF VARIANCE -
ANOVA)

Trong khi tiéu chuan t dé cap ¢ trén chi dimng lai so sdnh giita hai miu, hai cong thic thi
nghiém. Truong hop c6 nhiéu hon hai cong thirc thi nghiém hodc ¢6 nhiéu nhan t6 can ddnh gi, so
sanh hon; vi dy thi nghiém ba phuong phap trong rimg (cdy con c6 bau, ré tran, nudi cdy mo) hoic
so sanh hai nhan t$ 1a phuwong phép trong rimg (3 cong thirc) va nhan té bén phin (2 cong thirc) dén
sinh trudng ciy rimg trong; lic nay tiéu chuan t hoan toan khong c6 kha niang dp dung dé so sanh
nhiéu hon hai cong thirc trong mdt nhan t6 hodc nhiéu nhan td, trong d6 mdi nhin t6 c6 it nhat 2
cong thirc thi nghiém. Liic nay tiéu chuan thong ké phén tich phuong sai can dugc 4p dung.

Phan tich phuong sai (Analysis of Variance — ANOVA) 1a mét trong nhitng phuong phéap
phén tich thng ké tmg dung quan trong, dic biét 1 trong cic thi nghiém dé tim ra cdc cong thirc va
céc nhan td tac dong dén hiéu qua, chit lugng clia cdy trong, vt nudi, gieo wom, kiém nghiém xut
XU ciy trong. ANOVA diing d¢é so sénh, dénh gia anh hudng ctia nhiéu cong thirc, nhan t6 dén két
qua thi nghiém, 1am co s& cho viéc Iya chon cong thirc, phuong phép t6i uu trong 1am nghiép.

Larson (2008) dinh nghia phén tich phuong sai (ANOVA) 1a mot ky thuat thong ké phén tich
su bién dong ciia bién sd phy thudc dudi cdc anh hudng ciia cdc nhéan to. Théng thuong ching ta st
dung ANOVA @é kiém tra sy gidng nhau hay khong giira mot vai gid tri trung binh théng qua so
sanh phuong sai giita cdc nhém/nhan t tac dong/anh huong trong mbi quan hé véi bién dong trong
n6i bd ctia cic nhém/ nhén t6 (sai sé ngau nhién).

ANOVA 1 mét ky thuat co ban va 1a tién trinh bidu dién tong sb cic anh hudng ciia cac nhan
t6, cong thire thi nghiém dén bién sé phy thudce, quan sét theo md hinh sau day (Yayaraman, 1999):

Vij = U + 0; + g, 1= 1, 2, ey t;j = 1, 2, ey ni (51)

Trong d6 y; 1a bién phu thudc, bi tic dong cta lan lip/quan sat thir j ciia nhan t6 anh huéng i,
u trung binh ciia tong thé, o; 1a anh hudng ciia nhin to i va g;i la sai sO ngau nhién trong pham vi
ctia nhdn t6 i va lan quan st j.

Gia thuyét Hy va H; trong ANOVA dugc trinh bay nhu sau.
Gia thuyét H:
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_ _ _ (5.2)
Ho= p; = pp=- = I

Trong d6 [y, KMy, ..., Uy la trung binh gid tri quan sat ¢ cac cong thuc khac nhau trong mot
nhén t6 thi nghiém; hodc 1a trung binh theo cdc nhin t khic nhau dugc so sanh, danh gid.

Gia thuyét H, s& duoc chip nhan (tirc 1a c6 sy sai khac giita cic trung binh) néu gia thuyét H
bi bac bo (Pyawe < 0.05). Liic nay gia thuyét H; cho biét ¢6 su khdc biét it nhit cta hai s6 trung binh
& hai cong thirc hodc & hai nhin tb bat ky i va j trong céc cong thirc, nhin td so sanh:

H1: l'_'l‘l# II] hay H1: E‘i - l._l] #0 (5-3)

Liic nay dé biét duogc trung binh i nao khic biét rd véi trung binh j (cong thirc, nhan té nao
khac biét nhau), c6 thé tiép tuc sir dung tiéu chuén t dé so sdnh bit cap nhu da gioi thi¢u & phﬁn
trén. Tuy nhién, sir dung t s& mat thoi gian, dai dong vi phai so sénh tat ca cdc cap ddi, trong khi
d6, c6 thé sir dung rat da dang céc tiéu chuan thong ké xép nhém cdc trung binh c6 sy sai biét nhau;
d6 1a cdc tiéu chuan: Duncan, LSD ciia Fisher (sai biét c6 y nghia it nhit), HSD cta Tukey,
Scheffe, Bonferroni, Student-Newman-Keuls.

C6 ba diéu kién trong bd tri thi nghiém, thu thap s6 liéu dé c6 thé s dung phan tich phuong
sai la:

- Cédc gia tri quan sat & cdc mau, 6 thi nghiém ctia mdi cong thirc can dat chuan.
- Phuong sai ctia cdc mau, nhan t6 thi nghiém 12 bang nhau.
- Mbi cong thirc ciia nhén t6 thi nghiém déu dwoc 1ap lai it nhét 2 lan.

Viéc kiém tra s6 liéu m&i mau, cong thirc c¢6 dat chuan hay khong (da trinh bay trong muc
thong ké md ta & trén). Trong d6 st dung chi tiéu thong ké Stnd. Kurtosis va Skewness trong
chuong trinh Statgraphics, dong thoi 1a cdc biéu d6 phan b tan s, phan b chuan nhu P-P, Q-Q dé
danh gid dir liéu cia 6 mau, cong thic thi nghiém dat chuan hay khong. Trong thuc té bd tri thi
nghiém trong phong thi nghiém, gy trong, gieo uom, dé dir liéu quan sat sau nay c6 kha ning tiém
can chuan, thi dung lwong mau & mdi 6/cong thic thi nghiém (s6 ciy, sé miu) can du 16n, thong
thuong it nhat 1a 30 va 16n nhét la 50. V&i kinh nghiém thong ké cho thdy cdc mau c6 dung lugng
>30 ¢6 nhiéu kha nang tiém can dugc luat chuan.

Sai tiéu chuan hodc phwong sai cdc miu hodc nhin t6 bang nhau 1a diéu kién quan trong dé
phéan tich phuong sai. Néu phuong sai ciia cdc miu, nhan té c6 sy sai khic ro rét, khi d4p dung
ANOVA s& cho ra két qua danh gia thong ké kém hiéu Iyc. Trong thuc té nhiéu bdo cdo nghién ciru
4p dung ANOVA nhung b6 qua di diéu kién nay, day 1a diéu dang tiéc va cho dit c6 dwa vao bo tri
thi nghiém tét dén thé nao, nhung néu cic cong thirc c6 phuong sai khong bang nhau thi két qua
ANOVA c6 thé chi ra cong thirc, nhan t6 t6i wu khong déng tin cdy. Vi thé, khi 4p dung ANOVA
can xem xét can than diéu kién phuong sai bang nhau. Can kiém tra gia thuyét Hy vé cdc phuong
sai cdc mau, cic nhan td bang nhau. C6 nhiéu tiéu chuan dé kiém tra sy bang nhau ctia cic phuong
sai nhu Cochran, Barlett hodac Leneve (Nguyén Hai Tuét, 1982; Nguyén Hai Tuét et al., 1996,
2005, 2006), két qua kiém tra néu Pvalue < 0.05 thi bic bo H, c6 nghia Ia phuong sai ctia cdc mau,
nhén t6 khong bang nhau, lic nay cin thay thé bang tiéu chuan thong ké phi tham sd, (s& trinh bay
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& cic muc tiéu theo). Trong d6 kiém tra Levene thuong duge st dung rong rai dé kiém tra gia
thuyét Hy 1a cdc phuong sai 1a dong nhat (Larson (2008).

Yéu ciu c6 1an lap lai 12 didu kién co ban dé 4p dung ANOVA, c6 nghia 1a mdi cong thic,
nhén t6 thi nghiém can c6 it nhat hai lan lip lai. Diéu kién nay can dugc quan tim trong b tri thi
nghiém dé str dung ANOVA.

5.1 Phan tich phwong sai mét nhan té v&i bé tri thi nghiém

ngau nhién hoan toan

Phan tich nay nham nghién ctru anh huéng ctia mot nhan t6 vi du nhu: xuét xtr, mat do trong
khac nhau, ché d6 cham séc khéc nhau,... dén sinh truong, san luong cAy ring. Trong nhan td thi
nghiém s& c6 it nhat hai cong thirc (tong quét 1a a cong thirc), vi du a xudt x ciy trong va mdi
cong thirc theo diéu kién ANOVA can duogc ldp lai it nhat 2 lan (tong quit c6 m Ian 1ap). Mdi lan
lap lai cia mot cong thirc dugc b tri thanh mot 6 thi nghiém, trong 6 sb ciy, mau can du 16n dé
tiém can chuén (30 — 50 cay, mau). S6 lan lap lai ctua cic cong thic cé thé bé'lng hodc khong bé'lng
nhau. Ngoai ra dé bao dam tinh khach quan, thi trong mdi 1an lap, vi tri ciia céc 6 thi nghiém ciia
céc cong thirc thi nghiém can dugc sip xép ngau nhién (bdc tham) — vi vay con goi 1a bd tri thi
nghiém ngiu nhién hoan toan. Ngoai ra, vi tri (mg v&i mot lan lap lai céc cong thirc can dong nhit
céc yéu t6 khac khong tham gia thi nghiém.

Hinh 5.1 minh hoa cdc kiéu b trf thi nghiém dé 4p dung ANOVA mét nhin t6 v&i bd tri thi
nghiém ngau nhién c6 s6 1ip khong bang nhau.

Lap 1

Lap 2

Lap 3

Cong thirc
1

Cong thirc
3

Cong thirc
4

Cong thirc
3

Cong thirc
2

Cong thirc
2

Cong thirc
2

Cong thirc
4

Cong thirc
4

Cong thirc
1

Hinh 5.1. So' d b6 tri thi nghiém dé phan tich phuong sai mét nhan té véi bé tri ng&u nhién
¢6 so lan lap khdng bang nhau
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Ghi chii: Dién tich mdi lan lap dugc chon trén 14p dia déng nhit cic yéu td khong thi nghiém.
Céc cong thirc thi nghiém ctia nhan té nghién ctru duge bdc thim dé bo tri ngiu nhién trong mdi
lan 13p, s6 lan lap cla cdc cong thirc 1a khong bang nhau nhung it nhat 12 2. Mdi cong thirc & mot
lan Iip 12 mot 6 thi nghiém, 6 c¢6 miu (sé cdy) di 16n dé bao dam dir liéu cua 6 dat chuén.

Vi dy: Khdo nghiém 7 xuét xu loai thong Pinus caribeae tai Tram Thyc nghiém Lam sinh
Lang Hanh - LAm Dong. Thi nghiém c6 7 xuét xt v6i 5 xuat xtr duoc trong 1ip lai 4 1an, con 2 xuit
xur chi duoc lap lai 2 14n vao nim 1991 (Bang 5.1).

Bang 5.1. Bay xut xt P.caribeae dugc trong thi nghiém dé phan tich phuong sai
mot nhan to vai so lan 13p lai khéng bang nhau

M sb xudt xi Tén loai theo xuét xir S6 1an Iap (6 thi nghiém)
1 P.alamicamba (NIC) 4
2 P.poptun (Guat) 4
3 P.guanaja (Nonduras) 4
4 P.linures (Nonduras) 4
5 P.R482 (Australia) 2
6 P.T473 (Australia) 4
7 P little asaco (Bahamas) 2

Tong dién tich b tri thi nghiém 1a Tha. Mdi xuét x{r tmg voi mot 1an 1ap duoc trong 25 ciy,
voi cu ly 3x2m. Céc diéu kién dét dai, vi khi hau, dia hinh, chim séc... déu dugc dong nhit ¢ céc
lan 13p lai, nhan té thay d6i dé khao sat chi con lai 1a cdc xuat xt khac nhau. Tai thoi diém diéu tra
(nam 1996), ciy trong trong cdc 6 thi nghiém c6 tudi 12 5. Tién hanh do dém toan dién cic chi tiéu
duong kinh ngang ngyc (DBH, cm), chiéu cao (H, m), duong kinh tan (D, m), phélm chét, tia canh,
hinh than. Mdi 6 thi nghiém tinh gi tri trung binh ctia sinh trudng va str dung hai chi tiéu DBH va
H trung binh dé danh gid sinh truéng ctia cdc xuat xir thir nghiém.

Dit liéu trung binh DBH (cm) cua céc 6 thi nghiém theo 7 xuét xtr & Dit liéu 6 trong Phu luc.

Str dung ANOVA d¢é so sanh sy khac nhau vé sinh truong DBH cta 7 xuat xir. Trong ba diéu
kién dé d4p dung ANOVA, thi & day chip nhan 2 diéu kién: Mau chuin (vi mdi 6 thi nghiém c6 s6
ciy trong du 16n, gan xép xi 30 ciy) va mdi cong thirc dugc lap lai it nhit 2 1an. Liic nay can kiém
tra sy bang nhau clia cdc phuong sai & cdc cong thirc thi nghiém (xudt xir).

Str dung phan tich phuong sai mot nhin t6 dé kiém tra sy sai khic sinh truong DBH trung
binh ciia 7 xuat xi{r trong chwong trinh Statgraphics theo trinh ty sau day:
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Nhép dir liéu tr Excel vao Statgraphics:
Trong d6 c6 hai cot: Cot thi nhit 12 ma sb xudt
xUr khiac nhau, cot thir hai la chi tiéu danh gid
(DBH, cm) trung binh ctia cic & thi nghiém
duoc lap lai theo cac xuét xir khdc nhau.

[ <I\1 - Bao Huy USA 2015 - 2016\1 - Textb... [ = |[ & | 52

PR

Wl e o e W ke

R R e S O =
L O A S e A N I ™S I T YOOy P =1
C T = = = A= AT R T TS S Ry S ol Il I TR O Ol O Y

Huat xu

DBH cm

= =
ba | ba| ba| b | | -
Wk

o0 | = |

W 4| ¥ | M| Dulieuchogiao tinh 4

-

Tién hanh ANOVA mét nhén té trong
Statgraphics:  Analyze/Variable  Data/One
Variable Analysis.

Trong hop thoai chon:

- Dependent Variable: Bién s6 khao st
(DBH)

- Factor: Nhan td (xuét x1r)

One-Way ANOVA

Huat xu
DBH cm

I~ Sort column names

Dependent Variable:

E |DBH cm

Factor:

|><uat U

[Select)

|

[ ok | conecel | Delete | Transfor.. | Help
Kiém tra sy bang nhau cta cdc phuong | |Tables X
sai & cdc xuit xr khic nhau theo tiéu chuin
. [T Analysis Summary
Leneve trong Statgraphics: " Summary Statisios
Trong ntit Tables, chon Variance Check. ) i Tette
, [ Table of Means
Keét qllé: [ Multiple Range Tests
Variance Check v ‘Yariance Check
[ Eruskalwalliz Test
Test P-Value [ Mood's Median Test
QK. | Cancel All Help

Levene's [2.73661 [0.0477133
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Két qua kiém tra sy bang nhau ciia cic phuong sai theo tiéu chuan Leneve cho thiy gid tri
Py = 0.047 < 0.05. Liic nay gia thuyét Hy vé cdc phuong sai bang nhau bi bac bo, hay néi khéc 1a
chip nhan gia thuyét H, tirc 1a c6 it nhat hai phwong sai & hai cong thirc (xuét xir) 1a c6 su khéc biét
1 rét. Trong trudng hop nay sir dung ANOVA dé danh gid sinh truong & cdc xuét x{r khic nhau Ia
chwra bao dam yéu cau théng ké. Vi vay, can chuyén sang sir dung céc tiéu chuan thong ké so sanh

phi tham s (dugc trinh bay ¢ myc tiép theo trong sach nay).

Tuy nhién, dé gidi thiéu cach 4p dung ANOVA mdt nhén t6, trong vi du nay gia dinh rang céc
phuong sai 1a bang nhau dé tiép tuc so sanh danh gid DBH & cdc xuét xtr thong khic nhau.

ANOVA 1 nhin t6 trong Statgraphics: Tables X
Trong Tables, chon ANOVA Table dé [ Analysis Summary

st dung ANOVA danh gia sy sai khic trung I Summar Statistics

binh DBH & cic xuat xtr khic nhau (Bang ¥ ANOWA Table

52) I Table of Means

[ Multiple Range Tests
I Wariance Check

I Kruskaltw'allis Test
I Mood's Median Test

0k, | Cancel Al Help

Bang 5.2. Két qua phan tich phwong sai (ANOVA) mét nhan tb b tri ngau nhién hoan toan
t chuwong trinh Statgraphics

ANOVA Table for DBH cm by Xuat xu

Source Sum of Squares Df Mean Square  F-Ratio P-Value
Between groups 37.0596 6 6.1766 5.22 0.0033
Within groups 20.1 17 1.18235

Total (Corr.) 57.1596 23

Két qua ANOVA cho thiy P-Value = 0.0033 < 0.05, c6 nghia la can béc bo gia thuyét H, vé
céc trung binh DBH & cdc xuat xir 1a bang nhau. Hay chip nhdn gia thuyét H, voi it nhat c6 hai
xuét xtr cho két qua sinh truong binh quan DBH khic nhau.

Nhu vay, két qua dénh gia ANOVA chi cho biét c6 sy khic biét DBH trung binh giita céc
xuét xur, chua chi ra sy khac biét tirng xuét xt véi nhau va xudt xt nao 1a tdi vu. Vi vay can tiép tuc
sir dung mét trong cdc tiéu chuan xép nhém khic biét giita cdc xuat xtr khdc nhau (Multiple Range
Test), trong d6 phd bién hay dugc sir dung 1a tiéu chuan Duncan hodc tiéu chuan khic biét c6 y
nghia tdi thiéu LSD cua Fisher.
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St dung Statgraphics dé xép nhém cac | Tables
Xuét xir c6 su khéc biét:

Trong nit Tables chon Multiple Range
Test.

Trong cira s6 két qua, kich chudt phai
va chon Pane Options; sau dé chon tiéu

chuin xép nhém khac biét: Duncan, hodc
LSD,...

Béng thoi c6 thé chon do tin cay:

Confidenca Level, thong thuong 1a 95%. lTl

[ Analyzis Summary
[ Summary Statistics
[ ANOWA Table

[ Table of Means

v Multiple Fange Tests
[ “arance Check

[ Kruskalwallis Test
[ Mood's Median Test

Cancel All Help

Két qua cho ra xép nhém sy khic biét
gitta cdc xuat xt theo ti€u chuan Duncan &

Multiple Range Test Options X
Bang 5.3.
Hethed ok |
ak.
" LSD
Cancel
" Tukey HSD
 Scheffe Hielp
(" Bonferroni
" Student-Mewman-Keuls

2

Duncan

Confidence Lewvel:

T

Bang 5.3. Xép nhém déng nhét va c6 sw khac biét r6 rét gitra cac nhom theo tiéu chuén Duncan
& do tin cay 95% cho 7 xuat xt théng caribeae

Xuat xtr Lan lip Trung binh Cic nhém dong nhit
Xuat xu Count Mean Homogeneous Groups
7 2 8.4 X

4 4 10.0 XX

3 4 10.1 XX

1 4 10.575 X

2 4 10.825 X

6 4 12.0 XX

5 2 13.55 X

Trong bang két qua xép nhém cua Duncan, cdc xuét x{r khong c6 su khac biét c6 y nghia vé
DBH trung binh (dong nhit) s& duge dénh ddu X va dugc xép ciing trong mot hang theo chiéu
thing dung trong cdt “Cac nhém dong nhat — Homogenous Groups™; dong thoi cic xuat xir duoc
sap xép theo gid tri trung binh DBH tir thap dén cao theo thir ty tir trén xudng, xuat x{r c6 gia tri
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trung binh cao nhat nam & cudi ciing. Két qua nay cho thiy, cic xuét xir dugce xép vao ba nhém c6
su khic biét nhau: Nhém c6 DBH thip nhat gém céc xuét x{: 7, 4 va 3; nhém c6 DBH trung binh
gém cdc xudt xu: 4,3, 1, 2 va 6; va nhom c¢6 DBH cao nhét gém cdc xuét xt: 6 va 5. Nhu vay,
trong vi du niy giita xuat x{r 5 va 6 chua c6 su khic biét vé sinh truong duong kinh va déy la hai
xuét xur tot nhat can duoc lwa chon cho tréng rung.

Ngoai ra dé minh hoa va so sanh sinh truong DBH & cdc xuat xtr khic nhau, nén sir dung so
dd hop cung véi bién dong cua cac trung binh (Box-and-Whisker Plot).

V& d6 thi Box-and-Whisker Plot trong G E3
Statgraphics:

Trong nut dd thi (Graphs), chon Box-

. I7 Graphical ANDVA,
and-Whisker Plot. -

[T Means Plot

Két qua thé hién ¢ Hinh 5.2. ¥ Bos-and‘Whisker Plot

™ Residual Plots

™ Analysis of Means [ANOM) Plot
™ Medians Plot

oK | Cancel All Help

Box-and-Whisker Plot

Xuat xu
~NOoO R WN=

7 9 11 13 15
DBH cm

Hinh 5.2. So' @b Box-and-Whisker bién déng trung binh DBH clia bay xuét xt
théng Caribeae khac nhau
So d6 Box and Whisker chi ra vi tri gia tri trung binh & déu + va bién ddng ctia né ¢ do tin cdy
95% trong pham vi box. Két qua nay cho thay xuat x& ma s6 5 c6 trung binh cao nhét va gid tri wdc
luong thip nhat ciia né ciing cao hon gi4 tri cao nhat ctia xuat xr 6 lién ké. Vi vay, xuit xit 5 can
duoc xem la xuét xt tot nhat.

5.2 Phan tich phwong sai mét nhan té véi bé tri thi nghiém theo
khéi ngdu nhién diy da (Randomized Complete Blocks)
(RCB) hoac phan tich phwong sai hai nhan té mét 1an lap lai
Kiéu bd tri thi nghiém RCB thudng dugc sir dung, nhan té A chia lam a cip va nhan t6 B

(hodc Lan 1ap) dugc chia b cAp (khdi), mbi t6 hop 2 nhan t6 chi ¢ 1 1an lap (1 6 thi nghiém) (Hinh

5.3).
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Lap1 Ldp 2 Lap3

Cong thirc Coéng thirc Cong thirc
1 3 4
Cong thirc Coéng thirc Cong thirc
3 2 2
Cong thirc Coéng thirc Cong thirc
2 1 3
Cong thirc Coéng thirc Cong thirc
4 4 1

Hinh 5.3. So' d b6 tri thi nghiém dé phan tich phuong sai mét nhan t véi bb tri thi nghiém
theo khdi ngau nhién day da
O Hinh 5.3 méi cong thirc c6 s6 lan lap bé'lng nhau. Dién tich mdi lan lap dugc chon trén lap
dia dong nhit céc yéu td khong thi nghiém. Céc cong thirc thi nghiém ciia nhan té nghién ctru duoc
bdc tham dé bd tri ngiu nhién trong mdi lan lap. Mdi cong thirc & mot 1an 1ap 12 mot 6 thi nghiém,
6 c6 mau (sé cay) du 16n dé bao dam dir liéu cta 6 dat chuan. Lan 1ap c6 thé 1a nhdn td thir hai. Liic
nay né tré thanh b tri thi nghiém hai nhin t6 mot 1an lap.

Vi du: bé khao nghiém 16 xuét xt Pinus kesiya tai Tram Thuc nghiém Lam sinh Lang Hanh-
Lam D(‘Sng: 16 xuat xir thong ba 14 P.kesiya da duogc tr(‘Sng khdo nghiém tai Tram Thuc nghiém
Lang Hanh nim 1991. Viéc bd tri thi nghiém da duoc tién hanh theo khdi ngiu nhién day dit RCB
(Randomized Complete Blocks), bao gém 16 cong thuc chi thi 16 xuét xt va mdi xut xir duoc
trong 13p lai 4 1an nhu nhau. Nhur vay, tong cong c¢6 64 6 thi nghiém.

16 xuét xt P.kesiya dugc ma s nhu sau:1: Bengliet; 2: Faplac; 3: Xuan Tho; 4: Thac Prenn;
5: Lang Hanh; 6: Nong Kiating; 7: Doisupthep; 8: Doiinthranon; 9: Phu Kradung; 10: Nam nouv;
11: Cotomines; 12: Simao; 13: Watchan;14: Zo khua; 15: Aung ban; 16: Jingdury.

Mbdi cong thirc (mg véi mot 1an lap duoc trong 25 cdy, voi cu ly 3x2m, tong dién tich b tri thi
nghiém la 1,5ha. Cdc diéu kién khi hau, dia hinh, chdm séc... déu dugc dong nhat, nhan t6 thay dbi
dé khao sat chi con lai 1a cdc xuat x{r khdc nhau. Tai thoi diém diéu tra (1996), cay tr(‘Sng trong cic
6 thi nghiém c6 tudi la 5. Tién hanh do, dém toan dién cic chi tiéu DBH (cm), H (m), dudng kinh
tan (Dt, m), phim chat, tia canh, hinh than. Str dung 2 chi tiéu DBH va H dé danh gia sinh truéng
clia cdc xuat xir thir nghiém.

Dit liéu trung binh DBH (cm) cta cic 6 thi nghiém theo 16 xuét xr v6i 4 1an lap & trong Dix
lidu 7 phan Phu lyc.

Str dung ANOVA dé so sanh sy khdc nhau vé sinh truéng DBH cua 16 xuat xir. Trong ba diéu
kién dé dp dung ANOVA, thi & day chip nhan 2 diéu kién: Mau chuin (vi mdi 6 thi nghiém c6 s6
cdy trong du 16n, gan xép xi 30 ciy) va mdi cong thirc dugc lap lai it nhit 2 1an. Liic nay can kiém

tra sy bang nhau clia cdc phuong sai & cdc cong thirc thi nghiém (xut xir).
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St dung ANOVA trong chuong trinh Statgraphics. Theo trinh ty sau day:

Nhap dit liéu tr Excel vao
Statgraphics: Gom 3 trudng dir liéu:
Nhan t6 xudt xt (md sd xut xr), ma
s6 1an lap va truong dit liéu quan st
mg v6i ting xuat xu 1a lan lap lai
(DBH, cm)

ﬁ 2
Xuat xu Lan lap DBH cm [l
1 1 1 11.4
2 1 11
3 1 3 10
4 1 4 13
5 2 1 11.4
6 2 1
7 9 3 10.9
8 4 10
9 1 11
10 - 12
1 |3 3 1.7
12 4 1
13 4 1 1
14 |4 2.1
15 |4 3 1
16 4 - 11.7
17 5 1 14.1
18 - :
19 3 13.7
20 4 13.7
21 B a3
22 11.4
23 3 12.2
24 6 4 11.3 -
M 4 » M Dulieuchogiaotinh / B/ C/ D/ E 4 LH

Kiém tra sy bang nhau vé
phuong sai cua cdc cong thirc thi

nghiém:

Tién hanh ANOVA mot nhén td
trong Statgraphics: Analyze/
Variable Data/One Variable
Analysis.

Trong hop thoai chon:

- Dependent Variable: Bién s6
khao sat (DBH)

- Factor: Lan lap

Tables, chon
Variance Check dé kiém tra sy bang

Trong  nut

nhau cta c4dc phuong sai & cic cong
thirc thi nghiém theo ti€u chuan
Levene. Két qua:

Variance Check

Test P-Value
Levene's |0.731076 [0.537507

One-Way ANOVA

Kuat Dependent Variable:

Lan lap
DBH cm E\ |DBH cm

Factor:

|Lan lap

[Select:)

|

[~ Sort column names

0K | Cancel ‘ Delete |

Transtorm...

Help

Tables

™ Analysis Summary
™ Summary Statistics
[~ ANOVA Table

[™ Table of Means

™ Multiple Range Tests
¥ “ariance Check

I Kruskalwallis Test
I” Mood's Median Test

oK | Cancel All Help
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Két qua kiém tra theo tiéu chuan Levene c6 P-Value = 0.537 > 0.05, c6 nghia la gia thuyét H,
vé sy bang nhau giita cdc phuong sai & cdc cong thire thi nghiém (theo xudt xtr & cic lan lap lai
khac nhau) dugc chip nhan. Nhu vay, dir liéu tir két qua bd trf thi nghiém nay bao dam yéu ciu dé
4p dung ANOVA nhiam dénh gid sy khdc nhau vé sinh trudng ctia cdc xuat xir thong ba 14.

Str dung Statgraphics véi ANOVA nhiéu nhan t6 (¢ ddy c6 thé hiéu 12 mot nhan t6 1a xuat xir
va nhn t6 thi hai 12 1an lip lai). Néu thay lan lip lai 12 mot nhan t6 khdc nhu loai dit hoic bén
phan, hodc mat do... thi ldc ndy 1a ANOVA hai nhén t6 khong c6 1an ldp (lap lai chi mot Ian cho
mdi t6 hop hai nhan td).

Su dung phﬁn tich ANOVA nhiéu Multifactor ANOVA X
nhan t6 trong Statgraphics: Analysis of i
. . DBH cm
Variance/Multifactor ANOVA [0BH o
A . Factors:
Trong hop thoai chon: E’ ——
Lan lap

- Dependent Variable: Bién gia tri
do tinh, quan sat: DBH, cm dé so sanh

Covariates:

sinh truong théng 3 14 & cdc xudt xi
khéc nhau

- Factors: Chon hai nhan t6: Xuat (Select]
X0 va Lép lal [~ Sort column names [
Két qUé ANOVA thé hlén 6' Béng 5.4. oK | Cancel ‘ Delete | Transform... Help

Bang 5.4. K&t qua ANOVA hai nhan t6 mét 1an |&p
Analysis of Variance for DBH cm - Type III Sums of Squares

Source Sum of Squares  Df Mean Square =~ F-Ratio  P-Value
MAIN EFFECTS

A:Xuat xu 81.775 15 545167 7.72 0.0000
B:Lan lap 3.47625 3 1.15875 1.64 0.1931
RESIDUAL 31.7587 45 0.70575

TOTAL (CORRECTED) 117.01 63

Két qua & bang ANOVA trén cho thiy, céc 1an lap lai khong c6 su sai khdc vé sinh truong
DBH, v6i két qua ANOVA c6 P-Value = 0.193 > 0.05 (Chép nhan gia thuyét Hy vé sy bang nhau
sinh truéng DBH ¢ 4 1an lap lai). Trong d6 P-Value = 0.000 < 0.05 d6i véi cdc xuat xir khic nhau,
6 nghia gia thuyét Hy bi bac bo va chip nhan gia thuyét H,: C6 su sai khac vé sinh truéng DBH &
cdc xuat xu (it nhat 1 c6 sy khéc biét & hai xuét xt).

Liic nay chi can xép nhém khéc biét giita cdc xuat xir khdc nhau (Multiple Range Test), thyuc
hién trong Statgraphics nhu sau:
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Xép nhém cic xuat xtr c6

Tables

sy khic bi¢t theo trong
. I™ Analysis Summary
StatgraphICS: [~ ANOVA Table
- [ Table of M

Trong nit Tables chon e s

. [V Multiple Range Tests
Multiple Range Test.

0K I Cancel All Help

Trong ctra s6 két qua, kich
chugt phidi va chon Pane Method oK
Options; sau d6 chon tiéu chuan " LsD Cancel
x€p nhém khéac biét: Duncan, € Tukey HSD s
hoac LSD,... B

" Bonferroni

Chon nhén té (Factor) dé
xép nhém: O day lan lip khong
¢6 sy khic biét, do d6, chi xép
nhém cic xudt xir dong nhat.
Chon: Xuat xu

Pong thoi c6 thé chon do
tin cay: Confidenca Level, thong
thuong 1a 95%.

Két qua cho ra xép nhém
sy khic biét gilra céc Xudt xir
theo tiéu chuan Duncan ¢ Bang
5.5.

" Student-Newman-Keuls

{* Duncan

Factor:

Confidence Level:

Lan lap

%0y

Bang 5.5. Xép nhom cac xuét xir déng nhét vé sinh truéng DBH (gitka cac nhom co s khac biét r6 rét)
theo tiéu chuan Duncan & dg tin cay 95% cho 16 xuat xt&r théng 3 1a khdo nghiém

Xuat xu Count LS Mean LS Sigma Homogeneous Groups
14 4 9.35 0.420045 X

15 4 9.975 0.420045 XX

16 4 10.975 0.420045 XX

2 4 11.2 0.420045 XXX

12 4 11.55 0.420045 XX

1 4 11.7 0.420045 XX

10 4 11.75 0.420045 XX

6 4 12.1 0.420045 XX

3 4 12.15 0.420045 XX
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Xuat xu Count LS Mean LS Sigma Homogeneous Groups
13 4 12.225 0.420045 XX

4 4 12.275 0.420045 XX

11 4 12.35 0.420045 XX

9 4 12.4 0.420045 X

7 4 12.525 0.420045 X

5 4 13.775 0.420045 X

8 4 13.9 0.420045 X

Trong bang trén, két qua xép nhém ciia Duncan, cdc xuat xtr khong c6 sy khic biét, c6 ¥ nghia
vé DBH trung binh (déng nhit) s& dugc danh diu X va duoc xép cing mdt cot “Cac nhém déng
nhat — Homogenous Groups™; dong thoi cdc xuat xtr dugc sap xép theo gid tri trung binh DBH tir
thép dén cao theo thir ty tir trén xudng, xuat xir c6 gi tri trung binh cao nhit nam & cudi cling. Két
quéa nay cho thiy, cdc xuét x{r dugc xép vao bon nhém c6 sy khac biét nhau: Nhém c6 DBH cao
nhat gom hai xuat xt: 5 va 8. Nhu vay trong nghién ctru nay giita xuit xir 5 va 8 chua c6 sy khéc
biét vé sinh truong dudng kinh va ddy 1a hai xudt xtr tt nhat can duoc lya chon cho trong rimg
thong ba 14 & Lam Dong.

Ngoai ra ¢é minh hoa va so sanh sinh truong DBH ctia 16 xuét x{r khic nhau, nén sir dung so
d6 bién dong trung binh (MeanPlot) trong Statgraphics.

V& d6 thi bién dong trung binh trong | [Graphs x
Statgraphics:

™ Scatterplot
I” Graphical ANOWVA

Trong nut dd thi (Graphs), chon Mean
Plot.

[V Means Plot

I Interaction Plot

Két qUé thé hlén 6. Hinh 5 4 I Residuals versus Factor Levels

I Residuals versus Predicted

oK I Cancel All Help

Means and 95.0 Percent Confidence Intervals

16.5 B

o
SInININIES
o 11[1

1234567 8910111213141516
Xuat xu

DBH cm

85K

Hinh 5.4. D6 thj bién dong DBH trung binh ctia 16 xuét x(r théng ba 14
thi nghiém & do tin cay 95%
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Két qua dd thi khéng dinh xudt xu Lang Hanh (5) va xuat x&r Doiinthranon (8) 1a cic xuét xir
t6t nhat va sai khdc ro rét voi cac xuét xur khic.

5.3 Phan tich phwong sai nhiéu nhan té6 véi m lan lap

Trong thyuc té, c6 nhitng truong hop can nghién ciru anh hudng cua nhiéu nhan t tong hop
dén gia tri quan sét, khao sat. Vi du, can nghién ctru anh hudng clia n nhan t6 va 4p dung ANOVA
voi m 1an 13p. Lic nay nhan t5 A ¢6 a cong thirc, nhin td B ¢6 b cong thirc va cudi ciing nhan t6
thir n 14 Z ¢6 z cong thirc, tao thanh a*b*...*z t6 hop ciia n nhan t6; va mdi t6 hop cdc nhin td cin
duoc 13p lai m 1an voi (véi m > 2 1an dé c6 thé 4p dung ANOVA).

Vé nghién ctru lién quan dén sinh thdi hoc va nhan tic trong 1dm nghiép nhur nghién ciru sinh
truéng cdy con trong vuon wom, sinh truéng cdy rimg trong trong rimg, mat do phan bd, tdi sinh
loai,... thi chi tiéu khao sit ctia cdc nghién ctru nay bi tic dong khong chi tirng nhén td sinh thai
hodc mét nhan tic riéng 1¢. Do d6, don gian héa cic nhéan té anh hudong dé nghién ctru thuong cho
ra két qua phién dién va it c6 y nghia trong thyc tién. Vi dy, nghién ctru dé ning cao ning suit ciy
rimg, chi nghién ciru mot nhén t6 12 phin bén, cic nhan té c6 kha ning anh hudng khic dugc dong
nhit nhu mat do trong, dit dai, dia hinh, khi hau... Do d6, cho di két qua c6 thé chi ra mirc va loai
phan bén nao 1a phit hgp dé cho ning suit cao nhét, tuy nhién c6 thé két qua nay s& khong bang
viéc thay d6i mat do téi vu. C6 thé thay d6i mat do s& cho ra nang suit cao hon nhiéu so v6i bén
phén, trong khi d6 nhan t6 mat d bi bo qua trong thi nghiém nay. Véi vi du nay, can thém nhan t6
mat d9 trong thir nghi€m tao thanh bd tri thi nghiém hai nhan td phan bén va mét d6 va nghién ctiru
anh huong tong hop ctia chiing dén nang suat cdy rimg.

Con nhiéu vi dy khic trong nghién ctru anh hudng ctia nhiéu nhan té nhu cdc nghién ciru anh
huong cta cdc nhin t6 do tan che, ché do tudi, phan bén,... dén ty 1¢ sdng, sinh truong ciy con
trong vuon vom; hodc dnh huéng ctia cic nhan td sinh thdi nhu: dai cao, dia hinh, dit dai dén mat
d6 phan b, tdi sinh ciia loai nghién ctru. Vi vay can c6 to chirc nghién ctru, thuc nghiém da nhén t6
va 4p dung ANOVA dé chi ra dugc sy anh huong tong hop va qua lai ctia nhiéu nhan té dén chi
ti€u quan tam.

Vi dy mdt nghién ctru cua Nguyén Thi Quynh (2016) vé anh hudng cua cic nhan td sinh thai
— nhén tdc dén sinh trudng - sinh khdi ctia lan kim tuyén (Anoectochilus formosanus Hayata) trong
dudi tén rimg thudng xanh & LAm Pong. Lan kim tuyén 12 mot loai lan quy hiém, c6 trong sich do
Viét Nam va thé gii, ngoai hoa va 14 dep, né c6 gia tri kinh té cao trén thi truong. Nghién ctru nay
nham muc dich thir nghiém dé tim kiém khu vuc c¢6 céc nhin td sinh thdi thich hop cho viéc giy
trong loai lan quy hiém nay trong ty nhién.

B4 tri thi nghiém theo ba nhan to: Ngudn gdc gidng lan véi 2 cong thirc: tir nudi cdy md hodc
tir ty nhién; do cao so v6i mit bién c6 ba cp: < 750m, 750 — 1000 m va > 1000m; va nhén té do
tan che cua ring vé6i ba muc: < 30%, 30 — 70% va > 70%. Thi nghiém duoc lap lai 2 lan. Nhu vay,
6 2 ngudn goc * 3 o cao * 3 d6 tan che = 18 t6 hop 3 nhan td va c6 18 t6 hop * 2 lan lap lai = 36
6 thi nghiém lan dugc trong dudi tin rimg. B tri thi nghiém theo 3 nhan t6 2 1an 1ap trong thyc té
dugc minh hoa & Hinh 5.5.
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oTc>70% > 1000m

BTC <30% e prc>70% > 10!

DTC <30%

750
DTC <30% 30-70% BTC >70% 1000m

750
BTC >70% 100|

BTC <30% Om

) oT PTC >70% <75 3
BTC <30% 3 BTC <30% DTC 30 -70% orc>70% <7

LAP 1 LAP 2
[ }

Hinh 5.5. So’ d6 b6 tri thi nghiém ba nhan t6: Ngudn géc, d6 cao, d6 tan che trong gay tréng lan kim tuyén véi
hai lan 1ap dwéi tan rieng thwong xanh & Lam Bong (Nguyén Thi Quynh, 2016)

MBJi 6 thi nghiém c6 dién tich 0.25m? (0.5 * 0.5m), mdi 6 trong 35 ciy lan kim tuyén, cay
cich cdy 5*5cm. Thoi gian thir nghiém 12 6 thang. Céc chi tiéu theo doi 12 sé cdy chét, s6 chdi moi,
dudng kinh gbc, chidu cao theo tirng thang va chi tiéu quan trong nhét 1a tong sinh khéi tuoi (g)
trén tirng 6 thi nghiém & lan do cudi ciing. Dt liéu sinh khdi twoi (g) sau sdu thang trong & 36 6 thir
nghiém theo 3 nhan t6 2 1an ldp (trinh bay trong Dit liéu 8 & phan Phy luc).

Str dung ANOVA da nhan t§ dé so sanh su khdc nhau vé sinh khdi ctia lan kim tuyén theo 3
nhan té nghién ctru. Trong ba diéu kién dé 4p dung ANOVA, thi & ddy chdp nhan 2 diéu kién: Mau
chuan (vi mdi 6 thi nghiém c6 s cay trong du 16n, 35 ciy) va mdi cong thire duoc 1p lai it nhét 2
lan. Lic nay can kiém tra sy bang nhau ciia cdc phuong sai ¢ cdc cong thirc ctia timg nhan té va to
hop céc cong thtrc.
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St dung ANOVA trong chuong trinh Statgraphics. Theo trinh ty sau day:

A ~, A \ N o | 3
Nhap dit lieu tr Excel vao & , ,
\ Stt Nguon goc lan Dai cao Do tan che To hop Sinh khoi tuo
Statgraphics: Gom 5 truong dir licu: Nhan

X A X CA - ~ ~ 1 1 Tu nhien 750m <308 1 0.12

t0 ngudn goc lan (ty nhién hoac md), nhan 2 |2 Tu nhien <308 1 1
A . A A A A 3 Mo <308 2 0.6
t0 dai cao (3 cap), nhin t6 do tan che (3 2 - — = —
A A A A R A 5 5 Tu nhien 0-70% 3 0.7
cap), to hgp (gobm 18 t6 hop, moi t6 hop > B b =

lap lai 2 lan) va trudong dit li€u quan sit, 1 4 1

, 8 Mo 4 2
déanh gia 14 sinh khoi tuoi (g). s |s Tu nhien 0 5 5.1
10 10 Tu nhien >708 4.7

11 11 >70% [3 3

12 12 A >70% 6 ]

13 1 Tu nhien 750-1000m |<30% 3.

14 14 Tu nhien 750-1000m 7 7
15 15 4 750-1000m 8 1.2
16 1 750-100 8 0.8
17 17 Tu nhien 750-100 9 3.1
18 1 Tu nhien 750-100 9 3.9

19 19 ! 750-1000m 10 3

20 <0 750-1000m 10 2
21 1 Tu nhien 750-1000n 11 4.4

22 22 Tu nhien 750-1000m 11 1

23 2 1 750-1000 12 1
24 24 750-1000m | >70% 12 1.2

M 4| » M| Dulieuchogiaotinh /B /C/ D/ E/F/ G/ FA
Kiém tra lan lugt sy bang nhau vé
Input

phuong sai cia cdc cong thirc trong tirng
nhan té va giita cdc td hop cdc nhan t6 thi
nghiém:

Menu: Analyze/ Variable Data/

Multiple Sample Comparisions.

Chon: Data and Code Columns (Dt
ligu va céc nhan t6 1a code)

Trong hop thoai lan luot chon:

Data: Dir li€u khao sat “Sinh khoi
tuoi”.

Level Codes: Chon nhan t6. Tac 1a
cdc 6 thi nghiém cta nhan t6 can kiém tra
su bang nhau cic phuong sai. Lan luot
chon dé kiém tra sy bang nhau vé phuong
sai & 3 nhan td va ca to hop.

Trong nit Tables, chon Variance
Check dé kiém tra sy bang nhau cia céc
phuong sai theo timg nhin t6 va cic to
hop ba nhin td.

Két qua nhu sau theo tiéu chuin

" Multiple Data Columns
* Data and Code Columns

" Sample Statistics

Multiple-Sample Comparison

Ste

Dai can

Do tan che
Tohop

Sinh khoi tuoi

[~ Sort column names

o]

Cancel |

Data:

|Sinh khoi tuoi

Level codes:

E |Nguon goc lan

[Select:)

|

Delete | Transtorm...

Help
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Levene: Tables X

Nhan té Nguén géC I~ Analysis Summary
I™ Summary Statistics
Test P-Value [~ ANDVA Table
Levene's 6.02323 0.019395 ™ Table of Means

™ Multiple Range Tests
IV Variance Check

Nhan té Dai cao

Test P-Value ™ Kruskalwallis Test
Levene's 2.14851 0.13269 I~ Mood's Median Test
0K Cancel All Help

Nhan t6 D6 tan che

Test P-Value
Levene's [0.027795 (0.9726
T6 hop ba nhan té
Test P-Value

Levene's |4.1859E31 0.0

Két qua kiém tra sy bang nhau ciia cic phuong sai theo tiéu chuan Levene & cdc cong thiic
cho tirng nhén t6 va giita cic t6 hop cong thitc & trén cho thay: giira cdc cong thic cia hai nhan t6
Pai cao va Do tan che, gia tri P-Value > 0.05 (che”ip nhén gia thuyét Hy), c6 nghia dit liéu cta hai
nhén té nay c6 phuong sai la bang nhau; trong khi d6 nhan t6 Nguén goc va T6 hop c6 P-Value
< 0.05 (Béc bo gia thuyét Hp), hay néi khéc giira cdc cong thirc ctia nhin t6 Ngudn gbc va To hop
c6 su sai khdc vé phuong sai. Nhu vay, néu phan tich phuong sai ca ba nhan té ¢6 kha ning s& cho
két qua kém tin cay, vi c6 mot nhan t6 vdi cdc cong thirc thi nghiém cho phuong sai khoéng bing
nhau. Truong hop nay, tot nhat 1a 4p dung ANOVA cho hai nhdn t c6 phuong sai baing nhau 1a Do
cao va D¢ tan che. Riéng nhin t6 Ngudn gbc c6 phuong sai khong bang nhau giita cic cong thirc,
can 4p dung tiéu chuan phi tham sb (s& gidi thidu ¢ phan sau ciia sich nay) (khong yéu cau dir liéu
6 phin b6 chuan va phuong sai bang nhau).

Str dung Statgraphics véi ANOVA nhiéu nhin té (truong hgp nay 1a hai nhéan td) dé so sanh
sinh khéi twoi ctia lan kim tuyén.

Trong Statgraphics: Analysis of

Variance/Multifactor ANOVA B o goc len Dependent Variable:
ai I [Sirh ko i
n .
Trong hop thoai chon: Tohop
* * * Sinh khoi tuoi Factors:
. 4 ., Dai
- Dependent Variable: Bién gid \EI Dotan che
tri do tinh, quan sat: Sinh khoi tuoi
- Factors: Chon hai nhan t0: Dai Covariatss:
cao va Do tan che
Két qua ANOVA thé hién &
5 [Select:)
Bang 56 [~ Sort column names |
0K Cancel ‘ Delete ‘ Transform... Help
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Bang 5.6. Két qua phan tich ANOVA nhiéu nhan t6

Analysis of Variance for Sinh khoi tuoi - Type III Sums of Squares

Source Sum of Squares Df Mean Square F-Ratio  P-Value
MAIN EFFECTS

A:Dai cao 32.2319 2 16.116 7.16 0.0028
B:Do tan che 5.31794 2 2.65897 1.18 0.3202
RESIDUAL 69.7612 31  2.25036

TOTAL (CORRECTED) 107.311 35

Két qua & bang ANOVA trén cho thiy, nhéan t5 “d6 tan che” chua c6 sy sai khac vé sinh khbi
lan, do ¢6 P-Value = 0.3202 > 0.05 (chip nhan gia thuyét Hy vé sy bang nhau ctia sinh khéi ¢ 3 cip
d6 tan che nghién ciru). Trong d6 P-Value = 0.0028 < 0.05 d6i v6i nhén td “dai cao”, c6 nghia gia
thuyét H, bi bac bé va chap nhan gia thuyét H;: C6 sy sai khac vé sinh khdi lan & cic dai cao khéc
nhau (it nhit 1a ¢6 sur khac biét & hai dai cao).

Liic nay chi can xép nhém khéc biét sinh khdi tuoi cua lan giita cdc dai cao khic nhau
(Multiple Range Test), thuc hién trong Statgraphics nhu sau:

Xép nhém cac dai cao c¢6 su khic biét V@ | [rables x
sinh khéi lan trong Statgraphics:

I™ Analysis Summary

Trong nit Tables chon Multiple Range Test. BRI
I” Table of Means

[V Multiple Range Tests

(1] I Cancel All Help

Trong cira sO két qua, kich chudt phai va

chon Pane Options; sau dé chon tiéu chuén xép Method oK
nhém khéc biét: Duncan, hoac LSD,...  LSD Cancel
Chon nhan t (Factor) dé xép nhém: O day ¢ TukeyHSD Help
A s R f 1A ¢ 1 A " Scheff
Do tan che khong cho sy khac biét, do do6, chi xép erene
" Bonferroni

nhém cdc dai cao dong nhat vé sinh khoi voi
. € Student-Newman-Keuls
nhau. Chon: Dai cao.

* Duncan
bong thoi c¢é thé chon d¢ tin cay:
" N . . Factor: Confidence Level:
Confidenca Level, thong thuong 1a 95%. Dai cao B0 5
Do tan che

Két qua cho ra xép nhém sy khdc biét gitra
cac xuat xt theo tiéu chuan Duncan ¢ Bang 5.7.
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Bang 5.7. Xép nhom cac dai cao dong nhét vé sinh khdi tuoi cda lan kim tuyén (gitka cac nhom
c6 suw khac biét rd rét) theo tiéu chuan Duncan & d6 tin cay 95% cho 3 dai cao thtr nghiém

Dai cao Count LS Mean LS Sigma Homogeneous Groups
> 1000m 12 0.629167 0.433048 X

< 750m 12 1.50167 0.433048 X

750-1000m 12 2.925 0.433048 X

Trong bang trén, két qua xép nhém ctia Duncan, cho ra hai nhém c6 sy khéc biét vé sinh khdi
tuoi cta lan: cdc dai cao khong c6 su khac biét c6 ¥ nghia vé sinh khoi trung binh (ddng nhat) s&
dugc danh diu X va duogc xép cling mot cot “Céc nhém ddng nhat — Homogenous Groups”; dong
thoi cic dai cao dugc sap xép theo gid tri trung binh sinh khdi tir thip dén cao theo thir ty tir trén
xudng, dai cao c6 gid tri trung binh cao nhat nim & cudi ciing. Két qua nay cho thiy, cic dai cao
dugc xép vao hai nhém c6 sy khic biét nhau: Nhém c6 sinh khdi cao nhit ¢ dai cao 700 — 1000m;

nhém c6 sinh khéi thip hon ro rét bao gom hai dai cao < 750m va > 1000m.

Vi két qua nghién ctru nay, thi dai cao 750 — 1000m 12 tdi wu cho viéc gy trong lan kim

tuyén.

Ngoai ra, d€ minh hoa va so sanh sinh truéng DBH cta 16 xuat xt khac nhau, nén st dung so

d6 bién dong trung binh (MeanPlot) trong Statgraphics.

Két qua thé hién ¢ Hinh 5.6.

Trong nut dd thi (Graphs), chon Mean Plot.

V& d6 thi bién dong trung binh trong | [Graphs
Statgraphics:

™ Scatterplot

I™ Graphical ANOYA

V' Means Plot

I Interaction Plat

I Residuals versus Factor Levels

I Residuals versus Predicted

o]

Cancel All Help

Sinh khoi tuoi

Means and 95.0 Percent Confidence Intervals

47

27

1.7

0.7

-0.3

37F

III

750-1000m  <750m  >1000m
Dai cao

Hinh 5.6. D6 thj trung binh va bién dong sinh khéi twoi clia lan kim tuyén & ba dai cao

thi nghiém vé&i d6 tin cay 95%

Két qua do thi khang dinh dai cao 750 — 1000m cho khéi Iuwgng sinh khéi tdi wu.
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Chuong 6

TIN HOC TRONG U'NG DUNG TIEU CHUAN
PHI THAM SO BE SO SANH CAC MAU
QUAN SAT BDOC LAP HOAC CO LIEN HE

Trong st dung tiéu chuan tham s6 nhu tiéu chuan t hodc phan tich phuong sai (ANOVA) dé
so sénh cdc mau, cdc nhan té anh hudng dén chi tiéu quan sat, thi yéu cau cic mau, cong thic déu
phéi thoa min hai diéu kién 1a tuan theo phan bd chudn va phuong sai bang nhau. Trong thuc té cic
diéu kién rit mau, bd tri thi nghiém c6 thé khong bao dam yéu cau cia ludt chuan, hoic dung lugng
mau nho va phuong sai c¢6 thé khong bang nhau. Truong hop nhu vy, khong thé dp dung cic tiéu
chuan théng ké tham sd t va ANOVA va nhu viy céc tiéu chuan thong ké phi tham s can dugc st
dung. Hay néi khéc, phuong phap so sanh néu chua rd rang luat phan b véi nhirng tham s6 ctia né
dugc goi 1a phuong phap phi tham sé (Nguyén Hai Tuét, Vii Tién Hinh, Ngé Kim Khdi, 2006; Ngo
Kim Khoi, 1998; Ngbd Kim Khoi va cong su, 2002).

6.1 Tiéu chuan phi tham s6 dé so sanh cac mau déc lap

Vi cdc diéu tra, thiét ké thi nghiém véi cdc mau, cong thirc doc 1ap trong mot nhén td c6 dir
liéu khong theo phin bd chuan, hodc dung lwgng mau nhé, hoic phuong sai khong bing nhau;
kiém tra phi tham s ctia Kruskal-Wallis va Friedman duoc sir dung hon 12 ANOVA mét nhan t6
(Larson, 2008).

Khi str dung tiéu chuan phi tham sé Kruskal Wallis va Friedman, tat ca dir liéu quan sat ciia
tat ca cdc mau dugc két hgp chung trong mot cot va dugc xép hang tir nhé dén 16n (thir ty), sau dO
tinh gid tri trung binh thir hang cho tirng miu (trung vi Median), cong thirc va sau ciing dem so
sanh trung binh cdc thir hang clia cdc mau, cong thirc so sdnh véi nhau.

Gia thuyét Hp: x; =x, = .... X, hay gia thuyét Hi: x; # xj; V01 X, j 1a cdc trung vi cua mau i hoac
j trong n miu quan sat. Néu P-value < 0.05 thi két luan c6 sy khic biét c6 ¥ nghia giita cdc trung vi
(it nhit c6 hai trung vi khdc biét nhau) & muc tin cay 95%; hay néi khac gia thuyét bac bo gia
thuyét va Hy va chip nhan gia thuyét H,.

Tiéu chuan phi tham sé Kruskal Wallis va Friedman c6 thé diing dé kiém tra hai dén nhiéu
mau, cong thic doc 1ap, va thay thé cho tiéu chuén t hoac ANOVA mdot nhan té.

Vi dy, trong trudng hop so sanh hai miu doc lap theo hai phuong phap trong thong 3 14 tir cdy
con hoic ré tran, v6i s6 liu quan st kha 16n (> 90 ciy) nhung ca hai mau déu chua dat chuan (Di
liéu 4 trong Phy Iyc). Do d6, néu ap dung t dé so sanh s& chua dii d6 tin cdy. Trong truong hop nay
nén sir dung tiéu chuan phi tham s6 Kruskal Wallis va Friedman dé so sanh vi né loai trir dugc yéu
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cau hai mau c6 phan bo chuan.

Str dung phan mém Statgraphics dé kiém tra thong ké theo Kruskal Wallis va Friedman véi vi
du trén theo “Dir li€u 4” nhu sau:

Trong H1 STATGRAPHICS Centurion - Untitled
. File Edit Define Measure | Analyze Improve Control Forecast SnapStats! Tools View Window Help
Statgraphics:
gr p =3 Variable Data * One-Variable Analysis... 'W -*- L_f"_ ‘ & ? @
Analysis/Variable i Attribute Data , Capability Analysis ‘B, ¥ b 8 Row|
. Hypothesis Tests 3 Basic Control Charts »
Data/ Multlple Sample Reliability Analysis v Outlier |dentification... Multiple-Sample Compi
. . (- - S e
Comparisions/ =] StaReporer TheStaet  Distribution Fitting : .
. e ) This proc Two Sample Comparisons v fata file. It constructs various statistical tests
Multlple—sample I staFolo Conments F_us:_:: : Multiple Sample Comparisons J Subset Analysis...
Mulile Sanple Compast{ | (G0 Multivariate Method » Factor Means Plot
S et ultivanate ods actor eans ot...
Comnparirion. Tron - =
p g for possible r SRR "" Multiple-Sample Comparison...
hop thoai chon cic [ [Betweensroups |129.659 T i L howwise Statisics..
mau So Sanh‘ Multiple-Sample Comparison “
H cay conm
H re tran m

D
@
@
il

2

[V Sort column names

0K I Cancel | Delete | Transform... Help

Tables X

[” Analysis Summary
I™ Summary Statistics

Trong hop thoai “Tables” chon Kruskal- [ ANDVA Tabe

Wallis and Friedman Test. | Table of Masre

™ Multiple Range Tests
[” Wariance Check
[V Kruskalwallis and Friedman Tests

[~ Mood's Median Test

0K Cancel All Help

Bang 6.1. Két qua kiém tra s sai khac hai trung binh thir hang ctia hai thi nghiém tréng thong 3 14
bang cay con va ré tran theo Kruskal-Wasllis va Friedman
Kruskal-Wallis Test

Sample Size Average Rank
H cay con 92 63.9402
H re tran 93 121.747

Test statistic = 54.3713 P-Value = 0.0
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Két qua ¢ Bang 6.1 kiém tra theo Kruskal-Wallis va Friedman cho P-value = 0.0 < 0.05, ¢6
nghia 1a trung binh thir hang ctia hai miu trong theo hai phuwong phép khac nhau 12 c¢6 sy sai khic,
6 ¥ nghia & do tin cay 95%. Trong d6 trung binh thir hang (Average Rank) vé chiéu cao H clia ciy
tréng bang ré tran cao hon trong bang ciy con; do viy trong truong hgp nay nén dp dung phuong
phap trong bang ré tran cho thong 3 14.

Ngoai ra theo Hinh 6.1, trung binh H tréng theo phuong phép ré tran cao hon phuong phap

cay con.

18F .

[ ]
16 —_ 7
14} ]

é ¥
* 12} - -
10 * ]

[ ]
8t — o .

H cay con H re tran

Hinh 6.1. D6 thi Box and Whisker biéu dién bién dong va trung binh H cta hai phuong phap
trong théng 3 14
Mot vi du khac cho trudong hop kiém tra trén hai mau doc 1ap theo tiéu chuan phi tham s theo
Kruskal-Wallis va Friedman. D6 1a so sénh ting trudong chiéu cao trung binh ciy téch (TT_H,
cm/nam) sau bdn ndm dwa vao khi tréng lam giau rung khop trén bén loai da me (Dt liéu 9; Bao
Huy, 2014). Thyc hién ddnh gi4 trong Statgraphics theo trinh ty tuong tu trén, nhung trudc hét
kiém tra phin b6 chuan ciia 4 miu va phuong sai ciia chiing c6 bang nhau hay khong:

Nhép de lléu trung i <CA\1 - Tap huan Thong Ke Gia Lai\Du lieu phan tich thong ke.xls> =] =
) ) stt B tren Bazan H tren Cat ket H tren Macma axit| H tren Phien set (Col § | Col 7 | C€ol 8 | Col 8 | Col%|
binh TT_H cua tung 6 thi

nghiém theo 4 loai d4 me,

moi loai nam trong mot cot
trong excel

7 17 48,534 =
M| 4| » | # Duliewphantichthongke /B " C/ D/ E/F/ G/ H/ 1/J 1 | L‘J
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Kiém tra cdc miu c6
theo phan bd chuin va
phuong sai c¢6 bing nhau
hay khong:

Tables,
chon Summay Statistics va

Trong nut

Varicance Check.

Két qua nhu bang sau:

[~ Analysis Summary

[V Summary Statistics

[~ ANOVA Table

[~ Table of Means

I” Multiple Range Tests

IV Variance Check

I KruskalWallis and Friedman Tests
I” Mood's Median Test
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Bang 6.2. Tom tat thong ké va kiém tra phwong sai clia 4 mau thir nghiém trong téch trén 4 loai da me
trong rirng khép. Gia tri quan sat la tang trwéng chiéu cao trung binh ctia 6 thi nghiém. Téng céng cé 64 6 thi

Summary Statistics

nghiém trén 4 loai da me

Count| Average géi?i?;i S;?rfi:g.i(?rf Minimum | Maximum | Range
TT_H tren Bazan 4 28.2266 |(2.63492 19.3349% 259612 |31.2749 |[5.31372
TT_H tren Catket |41 48.4679 |(23.4149 |48.3101% 17.43 131.003 |113.573
TT_H tren Macma|l6 |28.4396 (11.5254 |40.5259% 14.8588 |59.6269 (44.7681
axit
TT_H tren Phien set |3 37.2191 |1.96236 |[5.27246% 35.0056 [38.7456 |3.74002
Total 64 |41.6684 |21.6131 |51.8693% 14.8588 |131.003 ([116.144

Stnd. skewness |Stnd.

kurtosis
TT_H tren Bazan 0.28028 -1.64562
TT_H tren Catket |4.11222 4.25107
TT_H tren Macma|2.36311 2.01465
axit
TT_H tren Phien set [-0.977387
Total 5.99291 7.47169
Variance Check
Test P-Value

Levene's 2.87066 0.043729

Két qua cho thdy c6 % mau l1a khong dat chuan véi Stnd. Skewness hodc Stnd. Kurtosis nim
ngoai pham vi [-2, +2]. Két qua kiém tra phurong sai theo tiéu chuan Levene cho P-Value = 0.043 <

0.05, c6 nghia 12 ¢6 sai khac rd rét gitta cdc phuong sai ctia bon miu thi nghiém trén 4 loai d4 me. Vi
vdy, v6i dir liéu thi nghiém nay khong thé 4p dung ANOVA mot nhdn t6 dé so sdnh, dénh gid sai
khéc. Truong hop nay tiéu chuan phi tham s6 cta Kruskal-Wallis dugc 4p dung, két qua nhu sau:

84




Bang 6.3. Két qua kiém tra 4 mAu thi nghiém tréng téch lam giau ring khop trén bén loai da me
theo tiéu chuan Kruskal-Wallis

Sample Size Average Rank
TT_H tren Bazan 4 19.0
TT_H tren Cat ket 41 39.0732
TT_H tren Macma axit 16 18.625
TT_H tren Phien set 3 34.6667

Test statistic = 16.1389 P-Value = 0.00106202.

Véi P-Value = 0.001 < 0.05, c6 nghia 1a v&i d6 tin ciy 95% cho thay c6 su khic biét 16 rét vé
tang truong H trung binh cua téch trong 1am giau rimg khop trén 4 loai d4 me. Trong d6 theo sip
xép trung vi (Average Rank), thi téch ting truong tt nhat trén dd me Cat két, sau d6 dén d4 Phién
sét va tiép dén 1a da Bazan, kém nhat trén Macma axit. Két qua nay ciing phit hop véi thir tu ting
trudng binh quan cua téch (TT_H, cm) trén 4 loai d4 me & Hinh 6.2.

Box-and-Whisker Plot

TT_H tren Bazan :I

TT_Htren Cat ket I + | + + +

TT_H tren Macma axit {]—1 +
30

TT_H tren Phien set

60 90 120 150
TT_H (cm)

Hinh 6.2. Bidu dd Box-Whisker vé bién dong tang truéng chiéu cao téch trén 4 loai 44 me

6.2 Tiéu chuan phi tham sé kiém tra, so sanh cac mau lién hé

Trong truong hop c6 hai hay nhiéu hon cdc miu c6 lién hé véi nhau, va cdc miu nay chua
dat phin bd chuan, hodc phuong sai khéng bang nhau, nén khong thé sir dung tiéu chuan t bat cap
(v6i 2 miu) hodc phan tich phuong sai (trén 2 m?lu/céng thirc ¢6 lién hé); thi tiéu chuén phi tham )
1a thich hop dé so sanh.

i) Truong hop hai mau lién hé, c6 thé sir dung tiéu chuan phi tham sb Wilcoxon, trong d6 gid
tri tuyét dbi chénh 1éch IdI gifra cac cap dir liéu duogc xép hang tir nho dén 16n va tinh gia tri trung vi
Median cho hai nhém cho chénh 1&ch d < 0 va d > 0, sau d6 so sanh sy sai khac cua hai trung vi ctia
hai nhém chénh léch d:

Gia thuyét Hy: x4 = x, hay gia thuyét Hi: x; # x; trong d6 x; va x;, la trung vi (Median) cia
nhém c6 chénh léch 4m va dwong. Kiém tra Wilcoxon, néu P-Value < 0.05 thi bac bo gia thuyét H
va che”ip nhan H;, tirc 12 hai mau bt cdp c6 sy chénh léch rd rét va nguoc lai (IBM, 2011; Nguyén
Hai Tuat, 2982; Nguyén Hai Tuét et al., 2006).
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ii) Truong hop c6 nhidu mau lién hé (> 2 miu) thi tiéu chuin Friedman hodc Kendall c6 thé
duoc sir dung dé so sanh su sai khéc giira cdc diy phan bo dir liéu cia cac mau:

Gia thuyét Ho: F(xy) = F(x) = ..... = F(x,) hay gia thuyét H;: F(X;) # F(xj). Trong d6 F(x;) =
F(Xp) = ..... = F(x,) 1a ddy phan b6 tin s6 ciia cac mau 1 dén n; x;, X; 12 mau th i va j trong n mau.
Kiém tra theo mot trong hai tiéu chuan ctia Friedman hodc Kendall, néu P-Value < 0.05 thi bac bo
gia thuyét Hy va chap nhan H,, c6 nghia 1 c6 it nhat 2 trong n miu c6 sy sai khic ro rét vé kiéu
phan b6 va nguoc lai thi chip nhan Hy, cdc miu c6 phin bd dong nhat (IBM, 2011; Nguyén Hai
Tuat, 2982; Nguyén Hai Tuat et al., 2006).

Str dung vi du kiém tra sy sai khdc giita chiéu cao dugc do tryc tiép va théng qua md hinh
tuong quan (Dir liéu 5) va dp dung cdc tiéu chudn phi tham sb Wilcoxon, Friwedman va Kendal dé
so sdnh su sai khdc vé trung vi ctia chénh 1éch va phan bd trong SPSS nhu sau:

Analyze DirectMarketing Graphs Utiliies Add-ons Window F

D0 &

Reports

Sfr dung tléu Chuén phl Descriptive Statistics
Tables

tham 86 dé SO Sénh th 2 dén Compare Means

nhiéu mau lién hé trong SPSS GeneralLinear lodel

Generalized Linear Models

Analyze/Nonparametric TR

Correlate
Test/Related Samples Regression

»
»
»
»
»
»
»
»
»
Loglinear b ummary
»
»
»
»
»
»
»
»

Neural Networks
Classify
Dimension Reduction

est Sig. Decision

- Retain the
s Sign 1.000 null )
hypothesis.

Scale

Nonparametric Tests A One Sample...

Forecasting M Independent Samples

e & Related Samples..
Multiple R
ultiple Response Legacy Dialogs »

7 Miccina Valus Analveie =

1= Nonparametric Tests: Two ar More Related Samples

Objective Fields  Seftings

© Use predefined roles
@ Use custom field assignments.

Trong hop thoai véi Tab:

’i" Select only 2 test fields to run 2 related sample tests.
L

Field, dua cac bién so sanh vao

. Field
Test Fields. o | Y | e
& Dem ¥ Hm quatuong quan
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P Run Eis!lJ Reset | Cancel {QHeIpJ
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Trong Tab: Settings ChQn & Nonparametric Tests: Two or More Related Samples X

Objective | Fields | Settings

cac test: Wilcoxon, Kendalls,

Select an item

Frledman néu SO Sél’lh hal méu Choose Tests © Automatically choose the tests based on the data
s

® Customize tests

’ Test Options

theo trung Vi Va dﬁy phﬁn b6; User-Missing Values Test for Change in Binary Data ) Compare Median Difference to Hypothesized
néu trén hal méu thi khéng Sfr McNemar's test (2 samples) V Sign test (2 samples)

. N 5 /| Wilcoxon matched-pair signed-rank (2 samples)
dl'lng teSt WIICOXOD’ Vl Chl SO Estimate Confidence Interval
Sénh CéC dﬁy phﬁn b6 thCO Cochran’s Q@ (k samples) et —————————— :

Hodges-Lehman (2 samples])

Frledman hOETlC Kel‘ldaHS. Quantify Associations

&
/| Kendall's coefficient of concordance (k samples)

Multiple comparisons: All pairwise b
Test for Change in Multinomial Data Compare Disfributions

. /| Friedman's 2-way ANOVA by ranks (k samples)
Marginal Homogeneity test (2 samples)
Multiple comparisons: All pairwise b

(2 un) e
Bang 6.4. Két qua so sanh hai mau lién hé theo ca ba tiéu chuan Wilcoxon, Kendal va Friedman trong SPSS
Hypothesis Test Summary
Null Hypothesis < Test < Sig.— Decision—
Related-
The median of differences between  Samples Retain the
1 Hmdotruc tiep and H m qua tuong  Wilcoxon 2936 null
quan equals 0. Signed Rank hypothesis
Test
Related-
The distributions of H m do truc tiep  Samples Retain the
3 and H m qua tuong quan are the Kendall's 1.000 null
same. Coefficient of hypothesis.
Concordance
gelateld-
The distributions of H m do truc tiep ] CL Retain the
2 and H m qua tuong quan are the W’:dgﬁgls;‘g%’f 1.000 null
same. \/arlyance gy hypothesis.
Ranks

Asymptotic significances are displayed. The significance level is .05.
Két qua & Bang 6.4 cho thiy:

Kiém tra theo Wilcoxon v6i 2 mau lién hé theo trung vi cua chénh 1éch (Median) cho théy
Sig. (P-Value) = 0.936 > 0.05, c6 nghia la chwa thé bac bo gia thuyét Hy vé6i hai trung vi 12 bang
nhau. Nhu vy, viéc xdc dinh H qua do truc tiép va uée tinh qua twong quan 1a chua c6 sai khic.
C6 thé sir dung twong quan dé giam chi phi do dém chiéu cao ciy rimg.

Kiém tra diy phan b cta hai mau theo Kendall hoic Friedman cho két qua thiy Sig. (P-
Value) = 1.0 > 0.05, nhu vy, gia thuyét H, dugc chip nhan, hay néi khic, chua c6 su sai khéc giira
hai day s6 liéu do H truc tiép va udc tinh qua phuong trinh. C6 thé sir dung phuong trinh dé giam
chi phi diéu tra.

Trong vi du trén, tiéu chuén Kendall va Friedman dugc sit dung dé so sénh day phan bd v6i 2
mau lién hé; tuy nhién, cdc tiéu chuin nay dugc sir dung tot khi c6 trén 2 mau lién hé; trong khi d6,
tiéu chuan Wilcoxon chi giéi han tmg dung dé so sanh hai mau lién hé dwa vao trung vi ctia chénh
léch &m va duong.
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Chuong 7

TIN HOC UNG DUNG TRONG MO HINH
HOA RUNG (FOREST MODELLING)

7.1 Khai niém chung vé mé hinh héa rirng, mé hinh quan hé

Twery (2004) khi n6i vé mo hinh héa trong quéan 1y rimg da chi ra rang quan Iy rimg truyén
thong chi quan tim dén cay cho gd. Thyc té né bao gdm quan 1y thyc dong vat, quan ly dat va quan
1y con ngudi voi da muc tiéu. Bé quan 1y duge cdc mdi quan hé cta cdc thanh phan hé sinh thai
rung voi nhau va voi hoat dong cia con nguoi, thi ciia m6 hinh hoéa 1a chia khéa cho quan ly rung,
d6 1a mo phong mot cich chinh xdc dong thai rimg voi anh hudng ciia da nhan t.

Cac mo hinh dugce sir dung dé quan 1y rimg bao gom mot sd dang. Pau tién 1a cic md hinh
sinh truong va san lugng rimg (Twery, 2004), trong truyén thong thi chii yéu 1a cdc mo hinh thé
tich va san lugng gd, ngay nay trong tinh hinh bién d6i khi hau, can mé hinh ugc tinh sinh khoi
carbon cay rimg va lam phan (Brown, 1997; Huy et at., 2016a,b,c). Mot cich tong quéit, md hinh
twong quan sinh hoc (allometry) 1a cic md hinh tuyén tinh hodc phi tuyén tinh mé ta quan hé,
twong quan giira céc bién s6 diéu tra ciy rimg, 1am phéan, h¢ sinh thdi, xa hoi (Picard et al., 2012).
Basuki et al. (2009) di st dung cdc md hinh ham power dugc tuyén héa bang cach logarit dé xay
dung mb hinh sinh khéi trén mat dat cay ring khop & viing thap cta Indonesia. Trong khi d6 Brown
et al. (1989) va Chave et al. (2005) sir dung ham phi tuyén parabol. Pearson (2007) da deé nghi su
dung ham mii dé thiét 1ap mo hinh sinh khéi cay rimg cho cac loai cdy va kiéu rimg & Hoa K3y.

Déng gop ciia mod hinh héa bao gom (Twery, 2004):

Mé hinh héa hé sinh thdi rimg: Bao gdm mo hinh héa qud trinh sinh truéng va san luong
rirng, mo hinh sinh khdi carbon rimg; mo hinh qu4 trinh tai sinh rimg; mé hinh ciy chét; mo hinh
noi séng cua dong vat hoang da (Habitat).

Mo hinh héa méi quan h¢é rung va con nguoi: Bao gém md hinh vé khai thic rung; md hinh
vé nghi dudng va sinh thi,...

Trong thyc té, nguoi ta can lap cdc md hinh trong quan hoi quy v6i dang téng quét y = f(x;) vi
cac muc dich:

- Dé udc lvgng mot nhan td khé do dém (goi la bién phu thudc y) thong qua mot hay nhiéu
bién dé quan sit, do dém (goi 1a bién doc 1ap x;) va tat nhién 1a phai c6 mdi lién hé giita y va céc
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bién x;.

-bé nghién ctru tdc dong, anh hudng cua mot hoac nhiéu nhan t6 (bién Xi) dén mot yéu td can
quan tim nhy sinh truéng, san lwong, chét lugng rimg, x6i mon dat, dong chay luu vyc (bién phy
thudc y). Trén co s& dd, co giai phdp k¥ thuat thich hop.

- B¢ dy bdo mot nhan t trong tuong lai (goi 14 bién dy bdo y) véi mot hay nhiéu bién s6 doc
lap, dau vao (x;)

C6 thé thiy mo hinh héa qué trinh sinh truéng, ting trudng, cic mdi quan hé ciia cic nhan t6
cdy rimg, 1am phén, hé sinh thii rimg, mo phong dong thai rimg 1a mot linh vye duge dp dung rong
rdi va mang lai nhiéu y nghia, khong chi cho khoa hoc thng ké ma con déng gép cho nhiéu tmg
dung httu ich trong quén 1y tai nguyén rirng va moi truong.

Dong Si Hién (1974) di c6 ing dung manh mé mo hinh quan hé da thirc bac cao, nhiéu 16p dé
lap cdc phuong trinh duong sinh thin cdy 1am co s& 1ap biéu thé tich ciy dung cho rimg Viét Nam,
khi ma tin hoc chua duoc phat trién. Nhiéu nha nghién ciru Viét Nam sau d6 da 4p dung va phat
trién manh cic tmg dung cia mé hinh héa, mo phong, 1ap mo hinh quan hé: Nguyén Ngoc Lung
(1989) da chi ra mot loat cic md hinh phi tuyén dé méd phong qua trinh sinh trudng ciy rimg; Bao
Huy (1993) dd 4p dung mo hinh phi tuyén mil exp dé md phong qua trinh sinh truéng rimg tu
nhién; Vii Tién Hinh (2012) d4nh gia va phat trién thém nhiéu mo hinh udc tinh thé tich ciy rimg tu
nhién Viét Nam; Vi Tién Hinh va Tran Vin Con (2012) d van dung da dang cdc kiéu dang md hinh
héa dé dy dodn san lugng rimg trong va tu nhién. Bao Huy va cong su (1998), Bao Huy va Dao Cong
Khanh (2008) d4 md hinh héa sinh truéng va du doan san lugng cho rimg trong téch, traim tring. Gan
day Bao Huy (2013), Huy et al. (2016a,b,c) da 4p dung mo hinh héa dé thiét 1ap hé thong mo hinh
woc tinh sinh khdi cy rimg ty nhién cho nhiéu kiéu rimg va viing sinh thdi ctia Viét Nam.

Vanclay (1994) da chi ra ing dung rong rdi md hinh trong nghién ctru sinh trudng va san
luong rimg. Trong tinh hinh bién d6i khi hau, dé wéc tinh lugng CO, ring hip thy nhim giam nhe
bién d6i khi hau, hang loat cdc mo hinh wéc tinh sinh khéi carbon ciy rimg duoc xay dung, danh
gid; d6 1a thiét 1ap mdi quan hé sinh khdi ciy rimg trén mit dit (AGB) v6i mot trong nhiéu bién sb
doc 1ap nhu dudng kinh ngang nguc (DBH), chiéu cao (H), khdi lwong thé tich gb (WD), dién tich
tan 14 (CA), cac dang mo hinh duoc st dung la power, logarit, ham exp (Brown, 1997; Jenkins et
al., 2003, 2004; IPCC, 2003; Basuki et at., 2009; Dietz et al., 2011; Johannes et al., 2011; Chave et
al., 2005, 2014; Henry et al., 2015, Huy et al. 2016a,b,c).

Khii quét trén cho thdy, mé hinh héa cdc mdi quan hé ciy rimg, 1Am phan va h¢ sinh thai rimg 1a
mot linh vire khoa hoc rong va mang lai nhiéu ¥ nghia trong img dung clia quan 1y rimg da muc tiéu.
7.2 Cac tiéu chuan, tiéu chi théng ké dé so sanh, danh gia, lwa

chon mé hinh quan hé

Quan h¢ gifra dai lwong phu thudc y va cac bién sd ddc 1ap, anh hudng x; trong sinh hoc,
sinh thdi méi trudng rimg thuong c6 kiéu dang quan hé phic tap, do vay, viéc lya chon dugc mo
hinh ti wu dé mé ta tot nhat mbi quan h¢ y = f(x;) trong thyc té can dua vao nhiéu tiéu chi théng keé
khac nhau.

Phd bién nhit dya vao céc chi tiéu thong ké:
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Hé sb xdc dinh R* V& tong quét thi ham t6t nhat khi R* dat max va ton tai & muc sai P < 0.05.
Tuy nhién, c6 trudng hop R* dat max nhung chua phai 12 ham phit hop nhat, do vay, can dya thém
céc chi tiéu thong ké khéc.

Tdn tai ciia cdc tham sé md hinh: Néu 12 ham c6 tir hai bién sé doc 1ap tré 1én, thi bién doc 1ap
phai ton tai qua kiém tra theo tiéu chuan t & mirc P < 0.05.

Chi tiéu AIC (Akaike Information Criterion) - mdt chi tiéu do luong do tin cay cia dy bao qua
mo hinh, AIC cang bé thi md hinh cang c6 dd tin cay cao hon (Basuki et al., 2009; Picard et al.,
2012; Bao Huy, 2013; Huy et al. 2016a,b,c)

AIC = -2 In(L) + 2p 7.1)

Trong d6 L 1a Likelihood cia m6 hinh, p la tong s6 tham s ctia md hinh.

Trong so sanh cdc md hinh cling bién y, chi tiéu AIC c¢6 tim quan trong hon khi dénh gid so
v6i hé s6 xdc dinh R®. C6 trudng hop ham duoc chon dya vao AIC bé hon cho dit R* ctia n6 ¢6 thé
bé hon ham so sanh; bdi vi AIC phan anh toan dién do tin cdy cua gia tri udc lugng so voi quan sat.
Tuy nhién, can luu ¥ khi sir dung cdc chi tiéu thong ké R* va AIC dé so sdnh cic dang md hinh
khic nhau, Iic nay yéu cau la cdc md hinh phai c6 ciing dang bién s y; khong thé dp dung cic chi
tiéu nay dé so sdnh mot md hinh c6 bién 1a y va mo hinh khic c6 bién y duoc dbi bién sb vi du la
log(y). Khi cdc md hinh c6 bién y khic dang véi nhau thi dé so sanh can dp dung tiéu chuin
Furnival (Furnival, 1961; Jayaraman, 1999) dugc gi¢i thiéu trong phan tiép theo.

Cic loai sai s6 dé danh gid va so sanh cdc md hinh dugc chia 1am hai nhém sai s6:
Cdc sai 56 tuyét doi: (Mayer and Butler, 1993; Temesgen et al., 2014).

Bias la sai 1éch trung binh giira gia tri quan sét so voi du dodn qua mo hinh, sai Iéch &m c6
nghia 12 dy bdo cao hon thyc té va ngugc lai. Khi ldy trung binh thi sai sé 4m dwong s& bit trir nhau,
do d6, sai s6 nay thuong nho. Vi vay, sai s nay thuong dugc sir dung dé xét gid tri du bao vuot
trén hay nim dudi quan sat nho ddu cia no.

L& (7.2)
las n 2 l(yl yl)
1=

RMSE (Root Mean Square Error): Sai s6 trung phuong trung binh. Sai sé dugc tinh trén co sé
sai léch giita quan sat va dy bdo binh phuong va ludn ludn dwong. Vi vdy, RMSE ding dé ddnh gia
sai s trung binh khong xét dén chiéu hudng cua sai léch, nhu thé RMSE luén 16n hon Bias:

(7.3)
n
RMSE = |-, — 9,7
i=1
MAE (Mean Absolute Error): Sai s tuyét d6i trung binh. Sai s6 nay khd twong dong voi
RMSE, thay vi binh phuong sai léch giita quan sét va dy béo thi sai s6 nay ldy gia tri tuyét d6i, do

d6 MAE ludn duong va chi thi cho sai s6 trung binh khong xét dén chiéu hudng sai léch.
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| (7.4)
MAE = —z — 9
.y 1|3’1 Yl
1=

Cdc sai so tuong doi:

Trong truong hop dé thuan lgi hon khi so sdnh sai s6 ctia cdc md hinh, céc sai sb trén duoc
tinh theo phan trim, bao gom % sai léch giita quan sit va du bio qua md hinh (Bias %), sai s6
trung binh % (RMSE %), va sai sb tuyét ddi trung binh % (Mean Absolute Percent Error MAPE)
(Mayer et al, 1993; Chave et al, 2005; Basuki et al., 2009; Swanson et al., 2011; Huy et al,
2016a,b,c):

n R (7.5)
100 i — Vi
Bias % = — —(yl 0
n 4 o)
=1
(7.6)
_ 10 (v = 9y
RMSE % = 100 EZ (T>
7.7

n
100 — 9
MAPE % = zlyl b
n i=1 Yi

Trong céc cong thirc tinh sai s6 n6i trén, n 1a s6 mau; va y; va J; 1a gi tri quan sat va udc

tinh qua mo hinh.

7.3 Cac biéu do, dé thi dung dé danh gia, so sanh cac mé hinh
Ngoai cic chi tiéu thong ke, sai s6 dé danh gid, lya chon md hinh, ciing can xem xét do tin
cy, sai s6, sy bam sét ctia gid tri wéc lugng so voi quan sat thong qua cdc dd thi tryc quan.
C6 nhiéu loai d6 thi dé ddnh gid md hinh, trong d6 cdc do thi sau thuong duoc quan tim

(Mehtatalo, 2013; Huy et al., 2016b):

Do thi biéu dién mé hinh so véi gid tri quan sdt: Cac gia tri quan st cang bam sat md hinh thi
mo hinh cang tot (D0 tri trdi cia Hinh 7.1).

Do thi biéu dién quan hé giita gid tri quan sdt véi dw dodn qua mé hinh: Cic ddm miy diém
cang bam sat duong chéo c6 nghia gia tri quan sit va du doan cang gan trung khop (PO thi phai ctia
Hinh 7.1).

7500 7500

at

5000 5000

Quan s

2500 2500

25 50 75 0 2000 4000 6000
X Du doan qua mé hinh

Hinh 7.1. Trai: B4 thi md hinh so véi quan sat, Phai: Quan séat so v&i dw doan qua mé hinh
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Biéu do bién dong sai 50 (Residuals) theo cdc gid tri du bdo qua mé hinh (Fitted values): Mot
mb hinh tét thi bién dong sai s6 Residuals bam chung quanh duong y = 0 va rai déu theo duong
nay, bién dong ctia Studentized Residuals t6t véi do tin cdy 95% thi trong pham vi -2 dén +2 (D6
thi trai cia Hinh 7.2).

Biéu do phan bé Normal Q-Q: Mot md hinh tdt, bam sat dir liéu quan sét thi biéu d¢6 phan b
dam may diém theo dudng chéo, md hinh c6 udc lugng sai s6 16n thi cic diém phin b nim xa
duong chéo ciia do thi (D6 thi phai ciia Hinh 7.2).

Residuals vs Fitted Normal Q-Q
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Hinh 7.2. Bién dong sai s6 theo dw doan (trai) va bidu d phan bd Q-Q (phai)

Picard et al. (2012) da chi ra cac loai bién dong sai s6 residuals theo du bdo qua m6 hinh &
Hinh 7.3, chon m6 hinh thich hgp hay chon bién trong s diing s& bao dam cho sai s6 ¢6 phan b
déu. Cic loai sai s6 dang A va C chi ra m6 hinh c6 gid tri du bdo bi sai 1éch 16n, trong khi d6 sai s6
& dang B chi ra mo hinh phit hop véi dit liéu va cho sai s6 phan b6 déu & cic gid tri du béo.
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Hinh 7.3. C4c kiéu bién dong sai s6 Residuals theo gia tri dw doan qua mé hinh: A: Bién dong Residuals réng
& céc gia tri dw bo Ién; C: Bién dong Residuals rong & cac gia tri dw bao nhé; B: Bién dong Residuals rai
déu theo gia tri dw bao (Picard et al., 2012)
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7.4 M6 hinh tuyén tinh

7.4.1 M6 hinh tuyén tinh don

Mo hinh quan h¢ giita mot bién anh hudng, doc 1ap va mot bién phu thudc, bi anh huong, dy
bao trong d6 y; va x; dugc do dac tir cac maui,i =1, ... n. Mo hinh tuyén tinh don bién cho c4 thé.
Mau thir i dugc viét nhu sau (Laar va Akca, 2007; Mehtatalo, 2013):

Yi=bo+bixi+ & (7.8)

Trong md hinh trén bién y; gdm hai b phan: Mot 1a phu thugc vao bién x; theo md hinh tuyén
tinh va hai 12 sai s ngdu nhién ctia mé hinh &;. by va b; 1a hai tham s6 cia md hinh tuyén tinh don.
Phuong phép udce lugng céc tham s6 ciia mod hinh chu yéu la binh phuong t6i thiéu.

Viéc thiét 1ap md hinh tuyén tinh mot bién s6 c6 thé 4p dung chuong trinh 1ap sin trong
Statgraphics hodc 1ap Codes dé chay trong R. Néu 4p dung Statgraphics thi cc chi tiét thong ké, do
thi chi sir dung theo churong trinh lap san, trong khi d6, néu sir dung R s& c6 diéu kién tinh todn céc
chi tiéu thong k&, do thi khic nhau theo mong muédn.

Mot vi du cho sir dung md hinh tuyén tinh don (mét bién doc 1ap) d6 1a thiép 1ap mdi quan hé
giita trit lwong rimg (M, m*/ha) theo tong tiét dién ngang (BA, m*/ha). Quan hé M = f(BA) c¢6 kha
ning biéu dién tot & dang tuyén tinh M = a + b x BA. Tir 120 6 mau 1000m” rimg trong téch & Tay
Nguyén (Bdo Huy va cong sy, 1998) di tinh todn dugc cdc bién s 14m phan téch gom M, BA,
chiéu cao va duong trung binh (Hg (m), Dg (cm)), mat do (N, cay/ha),... trong Dir li€u 10 & phﬁn
phu Iyc. Str dung b dit liéu nay dé thiét 1ap mo hinh M = a + b x BA theo hai chuong trinh thong
ké 1a Statgraphics va ma nguén mo R.

7.4.1.1 Thiét 1ap mé hinh tuyén tinh mét bién trong Statgraphics

Thiét 14p md hinh M = a + b x BA trong Statgraphics theo phuong phip binh phuong tbi
thiéu tir Dit liéu 10 véi 120 6 mau clia rimg trong téch & Ty Nguyén nhu sau:

Thyc hién thiét 1ap mo6 hinh
tuyén tinh 1 bién s6 trong

8 STATGRAPHICS Centurion - Stat Regression 1 variable.sgp

File Edit Define Measure Analyze Improve Control Forecast SnapStats

> & Analysis of Variance > ! @ f H ;_{_*‘ )_'SS lé E

¥

Statgraphics: Improve / Regression

. . Simple Regression... One Factor >
Analysis / One Factor / Simple i PETe _ :
1 Polynomial Regression... Multiple Factors >
RCgI'CSSlOl’l. E Box-Cox Transformations... Attribute Data >
— Calibration Models... Life Data >
e . N
Comparison of Regression Lines...
W -ompanson of Regre A
Trong hop thoai: Simple | [P Rearesion *
Regression: 2 |
: >
AL 1as K s oo N Dgo
Nhap bién M va vao Y va BA | | |Dphuerg
0 cao %
N Hg
vao X. H . BA
Lgai dat |
2]
Mao [Select)

N
|
T

v Sort column names

oK | Cancel | Delete | Transform.. Help
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Két qua thiét 1ap mé hinh tuyén tinh mdt bién trong Statgraphics

Simple Regression - M vs. BA
Dependent variable: M
Independent variable: BA
Linear model: Y = a + b*X

Coefficients
Least Squares|Standard |T
Parameter|Estimate Error Statistic |P-Value

Intercept |-23.1112 5.28506 (-4.37292|0.0000
Slope 9.48724 0.322611(29.4077 |0.0000

Analysis of Variance

Source Sum of Df |Mean F-Ratio |P-Value
Squares Square

Model 558148. 1 558148. 864.81 |0.0000

Residual 76156.9 118 645.397

Total (Corr.)|634305. 119

Correlation Coefficient = 0.938049

R-squared = 87.9937 percent

R-squared (adjusted for d.f.) = 87.8919 percent
Standard Error of Est. = 25.4047

Mean absolute error = 17.7579

Durbin-Watson statistic = 0.852836 (P=0.0000)
Lag 1 residual autocorrelation = 0.552516

The StatAdvisor
The output shows the results of fitting a linear model to describe the relationship between M and
BA. The equation of the fitted model is

M =-23.1112 + 9.48724*BA

Két qua trén cho ra mo hinh: M = -23.1112 + 9.48724*BA

V6i hé sb xdc dinh hiéu chinh Rzadj. (%) = 87.8919 %, tng v61 P-Value = 0.0000 < 0.001
(trong bang Analysis of Variance), chirng to R ton tai (bac bo gia thuyét Hy: R* = 0).

Cic tham sé ciia md hinh déu c6 P-Value = 0.000 < 0.001 (trong bang cdc tham sb
Coefficients), cho thay cic tham s6 déu khéc 0 (bac bo gia thuyét Hy: b; = 0).

Sai s6 MAE (Mean Absolute Error - Sai s6 tuyét ddi trung binh) =17.7579 m*/ha (don vi tinh
M la m*/ha va BA 1a m*ha). Sai s6 nay dugc tinh tir chinh dit liéu 1ap mo hinh.
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Xuét ra céc d6 thi: Trong nit Graphs | Graphs x
chon xuét ra 3 loai d6 thi chinh nhu sau:

Plot of Fitted Model

Plot of Fitted Model: D6 thi md hinh

) [V Dbserved versus Predicted
theo quan sat.

[” Residuals versus X
Observered versus Predicted: Po6 thi ¥ Residuals versus Predicted
quan h gilra gid tri quan sdats va dy dodn I Residuals versus Row Number
qua mo hinh.

. . N . oK | Cancel All Hel
Residuals versus Predicted: D6 thi p
bién dong sai s theo gia tri du dodn quan
mo hinh.
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Hinh 7.4. Quan hé gitba mo hinh va dir liéu quan sat (trén trai), dir liéu quan sat voi dw doan (trén phai)
va bién dong sai sé theo dy doan (dwai) thuc hién trong Statgraphics (M6 hinh: M = a + bxBA)

Cédc dd thi chinh biéu dién quan h¢ tuyén tinh mot bién va bién dong sai sb thyc hién trong
Statgraphics biéu dién & Hinh 7.4. Téng quat mé hinh va gid tri du bdo khd bam sat gid tri quan sét,
sai s0 bién dong chuan héa kha rai déu theo gid tri quan st va da sd nam trong pham vi -2 dén +2;
vi vy c6 thé két luan mo hinh tuyén tinh mo ta kha tét quan hé giira trir luong va tong tiét dién
ngang rimg trong téch.

Két qua thiét 1ap md hinh quan hé trong Statgraphics di cho ra céc két qua chinh, cic do thi co
ban dé danh gia mo hinh. Tuy nhién, day 1a phan mém lap sin, khong thay doi, vi vay, néu can chi
tiéu théng ké quan trong nhu AIC dé danh gia md hinh, va cdc loai sai sé khic nhu Bias, RMSE,
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MAPE hoic cdc d0 thi quan hé¢ Q-Q,... thi Statgraphics khéng cung cip. Do vay chuong trinh ma
ngudén mé R 1a mét Iya chon tt cho nguoi sir dung dé c6 thé truc tiép 1ap cdc bang ma codes dé thu
dugc céc két qua dau ra khic nhau, day di theo y dinh nghién ctru.

7.4.1.2 Thiét 1ap md hinh tuyén tinh mét bién trong chwong trinh R

Nhu da gioi thi€u, chuong trinh R 12 mét chuong trinh dugc thyc hién trén co s nguodi st
dung viét cdc codes dé chay md hinh va dua ra céc két qua, chi tiéu, @ thi diu ra theo ¥ mudn.

Str dung Dit liéu 10 dé 1ap quan hé tuyén tinh M = a + b x BA tir dit liéu 120 6 miu cia rimg
trong téch.

Sau déy la cdc codes dé lap va danh gia mo hinh tuyén tinh mot bién theo phuwong phdp binh
phuong tdi thiéu trong R, theo churong trinh “lm” (Chambers, 1992):

Codes khéi dong va xac dinh dir liéu tinh toan
# Erase memory (X6a bd nho)
rm(list=Is())

# Clean plot window (Xda dit liéu ctra ) cll)
dev.off()

# Install.packages (Cai dit cdc chuong trinh: ggplot2 1a do thi)
library(ggplot2)

# Define the working directory (change \ with / using Edit>Find) (X4c dinh dia chi fiel dir li¢u)
setwd("E:/1 - Bao Huy 2017/Books All/Textbook for Infomatic Statistic/TextbookDataset
Analysis/Dataset")

# Import data from *.txt file (Nhdp dir li¢u dang txt)
t <- read.table("Teak 120 plots.txt", header=T,sep="\t",strings AsFactors = FALSE)

Codes thiét 1ap md hinh tuyén tinh mét bién

# Model development: (L&p md hinh theo Im)
Linear_modell <- In(M~BA, data=t)

# Outputs of the model (Gia tri du doan va sai s6 ciia md hinh):
t$Linear_modell fit <- fitted.values(Linear_modell)
t$Linear_modell.res <- residuals(Linear_modell)

# Summary of linear model: (Tém tit két qua md hinh)
summary(Linear_modell)
anova(Linear_modell)
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Két qua tinh toan mo hinh tuyén tinh mot bién trong R nhur sau:

summary(Linear_model1)

call:
Tm(formula = M ~ BA, data = t)
Residuals:

Min 1Q Median 3Q Max
-60.836 -15.343 -1.533 9.258 113.897
Coefficients:

Estimate Std. Error t value Pr(>|t]|)

(Intercept) -23.1112 5.2851 -4.373 2.66e-05 ***
BA 9.4872 0.3226 29.408 < 2e-16 ***
Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 “‘.” 0.1 * * 1

Residual standard error: 25.4 on 118 degrees of freedom
Multiple R-squared: 0.8799, Adjusted R-squared: 0.8789
F-statistic: 864.8 on 1 and 118 DF, p-value: < 2.2e-16

> anova(Linear_modell)
Analysis of variance Table

Response: M
Df Sum Sq Mean Sq F value Pr(>F)

BA 1 558148 558148 864.81 < 2.2e-16 ***
Residuals 118 76157 645
Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 “‘.” 0.1 * * 1

Keét qua trén, muc Coeficients cung cap cic gia tri tham sO mo6 hinh va kiém tra bang tiéu
chuan t véi Pr dugc cung cap. Véi két qua nay c¢6 dugc md hinh:

M =-23.1112 + 9.4872 x BA
V6i R%adj = 0.8789; cdc tham s déu c6 gid tri Pr < 0.0000, c6 nghia 12 ton tai cdc tham so.

Bang két qua ANOVA cho thdy gid Pr kiém tra sy tOn tai ctia R 1a 2.2e-16 < 0.000, c6 nghia
1a R # 0 rd rét, hay R ton tai, hay ton lai mdi quan hé gitra M va BA & mirc 87.89%.

Codes trong R tinh toan AIC va cic sai s
# Indicators for validation of the model (Cacsc chi ti€u danh gia mo hinh):
AIC(Linear_modell)

Bias <- mean(t$Linear_modell.res)
RMSE <- sqrt(mean((t$Linear_modell.res)"2))
MAPE <- 100*mean(abs(t$Linear_modell.res)/t$M)

Bias
RMSE
MAPE
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Két qua tinh todn cdc chi tiéu ddnh gid, sai s6 mo hinh (¢ day tinh Bias, RMSE va MAPE):

> AIC(Linear_modeTl)
[1] 1120.912

> Bias <- mean(t$Linear_modell.res)
> RMSE <- sqrt(mean((t$Linear_modell.res)A2))
> MAPE <- 100*mean(abs(t$Linear_modell.res)/t$m)

> Bias

[1] 8.082366e-16
> RMSE

[1] 25.19208

> MAPE

[1] 21.77369

Céc chi tiéu danh gia:
AIC =1120.912;

Bias = 8.082366e-16; Bias gan bang 0 c6 nghia la sai sé 4m va dwong cua gia tri du bdo la xap
xi nhau, hay néi khic mé hinh khong dy bdo qui cao hay qud thap so véi quan sit.

RMSE = 25.19208 m’/ha; Sai s6 trung phuong cho thiy wéc tinh theo md hinh nay s& cho sai
sO trung binh vé M 14 25 m*/ha

MAPE = 21.77 %; cho thy sai s6 cia md hinh udc tinh M 1a khoang 22%.

Codes ciia R xuit ra cac do thi danh gia mé hinh tuyén tinh 1 bién:
# Residuals and Normal Q-Q Plots: (D0 thi sai s6 va Q-Q):

par(mfrow = c(1, 2))

plot(Linear_modell,1:2)

# Model and Observation: (Dé thi md hinh va quan sat):

p <- ggplot(t, aes(x=BA, y=M))

p <- p + geom_point(cex=2)

p <- p + geom_line(cex = 1.5, aes(x=BA, y=Linear_modell .fit))

p <- p + xlab("BA (m2/ha)") + ylab("M (m3/ha") + theme_bw()+ theme_bw()
p = p + theme(axis.title.y = element_text(size = rel(1.5)))

p = p + theme(axis.title.x = element_text(size = rel(1.5)))

p <- p + theme(plot.title = element_text(size = rel(1.7)))

p = p + theme(axis.text.x = element_text(size=15))

p = p + theme(axis.text.y = element_text(size=15))

|y

# Observated and Predicted Values: (96 thi Quan sat voi du bao):

p <- ggplot(t, aes(x=Linear_modell.fit, y=M))

p <- p + geom_point(cex=2)

p <- p + geom_abline(cex = 1.5, intercept = 0, slope = 1, col="black")

p <- p + xlab("Dy dodn (m3/ha)") + ylab("Quan sat (m3/ha)") + theme_bw()+ theme_bw()
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p = p + theme(axis.title.y = element_text(size = rel(1.5)))
p = p + theme(axis.title.x = element_text(size = rel(1.5)))
p <- p + theme(plot.title = element_text(size = rel(1.7)))
p = p + theme(axis.text.x = element_text(size=15))

p = p + theme(axis.text.y = element_text(size=15))

|y

# Resuduals and Predicted value (Dé thi bién dong sai s6 theo du bdo):
p <- ggplot(t, aes(x=Linear_model1.fit, y=Linear_modell.res))

p <- p + geom_point(cex = 2)

p <- p + geom_line(cex = 1.5, aes(x=Linear_modell.fit, y=0))

p = p + theme(axis.title.y = element_text(size = rel(1.5)))

p = p + theme(axis.title.x = element_text(size = rel(1.5)))

p <- p + theme(plot.title = element_text(size = rel(1.7)))

p = p + theme(axis.text.x = element_text(size=15))

p = p + theme(axis.text.y = element_text(size=15))

p <- p + xlab("Dy dodn (m3/ha)") + ylab("Sai ) (m3/ha)") + theme_bw()+ theme_bw()
p

Két qua cho ra cic d thi ddnh gid mo hinh nhu sau:

Residuals vs Fitted Normal Q-Q
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Hinh 7.5. Sai sb theo dy b&o (tri) va phan bé Q-Q (M6 hinh: M = a + bxBA)

D6 thi & Hinh 7.5 trén cho thdy sai s6 khd phan tan khi gid tri du bdo ting 1én va do thi Q-Q
thi phan b6 c6 phan ndm xa dudng chéo, chirng t6 md hinh chua thyc sy phit hop.

Két qua Hinh 7.6 cho thay gi4 tri du bdo va quan st khd bam st nhau, nhu vdy mo hinh kha
t6t, tuy nhién do thi sai s6 chi ra bién dong sai s6 ting khi gid tri du bdo ting 1én, két qua nay phi
hop véi dd thi Q-Q, cho thdy md hinh tuyén tinh mé ta chua thuc sy tot quan hé gitta M va BA cua
rimg trong téch. Vi vdy can thir nghiém mo phong theo cic md hinh phi tuyén tinh khéc.
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Hinh 7.6. a) D4 thi mo hinh so v&i dir liéu quan sat; b) Gia tri quan sat so v&i dw bao qua mé hinh;
c¢) Bién dong sai so theo gia tri dw bdo (M6 hinh: M = a + bxBA)

7.4.2 M hinh tuyén tinh da bién
Trong thuc té, mot bién sb thudc y thong thuong khong chi bi anh huong, chi phdi hodc du
bao théng qua mot bién s6 x ma c6 thé 1a nhiéu bién s6 x;. Liic nay cdn xem xét thiét 1ap mdi quan

hé theo mé hinh tuyén tinh da bién.

Mb hinh tuyén tinh da bién duoc biéu dién nhu sau (Mehtatalo, 2013):

Yi=p+8Xa+Xe+...+6Xp+e. (7.9)

Trong md hinh trén véi n dir lidu quan sit c6 mot bién phu thudc va p bién doc 1ap, anh
huong. Y; 1a bién phu thudc voi gid tri quan sét thi i. Xjj 1a gid tri quan sét thr i cia bién doc lap
thir j, véi j di tir 1 dén p. B la cdc tham sb duoc udc lugng qua mo hinh tuyén tinh nhiéu 16p, va €
sai s6 ctia bién phuy thudc thit i, 6 phin bd chuan.

7.4.2.1 Lya chon céc bién sb doc lap anh huwéng trong md hinh tuyén tinh da bién
Trong thyc té, d6i khi chua 16 bién phu thudc ¥; bi anh huéng boi nhitng bién doc lap X;; nao.

Vi vay str dung chi s6 Cp ctia Mallows (1973) s& hd trg cho viéc xdc dinh sé bién sb doc lap anh
hudng.

Chi s6 Mallow’ Cp (1973) dugc sir dung dé Iya chon sé bién s6 tham gia md hinh tot nhit
trong trudng hop c6 nhiéu bién doc 1ap nhung chua ro ¢6 dnh hudong dén Y; hay khong. Chi sé Cp
cang bé va cang gan véi s6 bién sd doc lap p thi d6 1a cac bién doc lap c6 anh hudng ro rét dén bién
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phu thudc; dya vao diy dé xdc dinh p bién s6 X;; tham gia md hinh khi c6 qud nhiéu bién sé duoc

gia dinh 12 c¢6 anh huong dén Y.

Néu mot md hinh ¢6 p bién sé doc lap duge Iya chon tir mot tap hop K> p, chi tiéu thong ké

Cp duoc tinh toan:

5 o iglgE?)

;'-p -

— N + 2P,

N

S5E, = (- il

=1

(7.10)

(7.11)

Trong d6: Y, 1a gid tri dy dodn tir gid tri quan sit thtr i 1a ciia Y; cia mo6 hinh ¢6 p bién s6 doc

lap; S? binh phuong trung binh phan du (residual mean square) sau khi mé hinh quan hé hoan thanh

voi K bién sé doc lap va dugc udce tinh tir sai 56 trung binh binh phuong (mean square error — MSE);

N 12 dung lwgng mau quan sét.

Phin mém Statgraphics hd trg t6t cho viéc dp dung chi s6 Cp dé tim sd bién sé anh huong tdi uu.

Cfling vi du véi dit licu 120 6 mau rung tréng téch (trong Dir liéu 10 ¢ Phy luc), nhu myc trén

trit lwgng M duoc 1ap quan hé vai bién doc 1ap 1a tong tiét dién ngang BA. Tuy nhién, c6 kha ning

M con bi chi phdi béi cdc nhan t6 khac nhu chiéu cao trung binh theo ciy c6 tiét dién trung binh

(Hg, m), mat d¢ (N, cay/ha), duong kinh cua cay cé tiét dién ngang trung binh (Dg, cm),...

Ap dung phin mém Statgraphics dé tim s6 bién s6 doc 1ap nhu BA, Hg, Dg anh huong dén M

rimg trong téch nhu sau:

St dung chic ndng lua

28 STATGRAPHICS Centurion - Untitled Statfolio

File Edit

Define Measure Analyze |mprove Control Forecast SnapStats! Tools View Window Help

chon mo hinh cua G B Anaksisof Variance Y FEENSRL 942 B
Statgraphics:  Improve / Regression Analysis 5 OneFactor > VEL % 1ol M R
. . Experimental Design Creation > Multiple Factors > Multiple-Variable Analysis (Correlations)...
Regression  Analysis  / EpeimentaDesgnAnayss | AurioesOwa | >|  MokpheRegresion.
Multlple FaCtOI‘S / Regression = Slatﬂepn:la M2 o .LM:Data > Regression Model Selection...
. Nenlinear Regression...
Model Selection ... B stocko Comments 1 EARUAT 42 Ridge Regression...
2 EARMAT 42 Partial Least Squares...
Trong hop thoai | ele
Regression Model Selection: 5 L
K A A M
Chon bien doc lap | |5% E' |
: . Dia phuong
(Dependent Varlable)' M a; cao Independent Variables:
z : A N A H BA
Chon céac bién doc lap Vot dat Hg
h . . 5 D
can xem xét khd nang anh e #
huéng dén M (Independent Stha
. . Stopt
Variables): BA, Hg. Dg,... TVEH (Select]
v
|
[weights:]
v Sort column names I
0K Cancel Delete ‘ Transform... Help
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Tim gid tri Cp toi uu: | Tebles x
Trong niit Tables, kich chon:
Best Cp.

I” Best Adjusted R-Squared

Ciing c6 thé kich chon ¥ BestCp

Best Adjusted R-Squared néu
4 2~ . 4 < X 5 0K | Cancel all Help
muon xac dinh s6 bién anh

hudng dya vao R cuc dai.

Két qua tim s6 bién s6 ddc 1ap dnh hwong theo chi tiéu Cp trong Statgraphics:
Regression Model Selection - M
Dependent variable: M

Independent variables:
A=BA
B=Hg
C=Dg

Number of complete cases: 120
Number of models fit: 8

Models with Smallest Cp
Adjusted Included
MSE R-Squared|R-Squared|Cp Variables

160.741 |97.0604 (96.9844 4.0 ABC
164.574 196.9644 (96.9125 |5.79012 |AB
244.301 |195.4938 [95.4167 |63.8215 |AC
645.397 |87.9937 |87.8919 [357.786 |A
1725.59 |67.8989 (67.6268 |1150.75 |B
1740.33 |67.8989 (67.3502 |1152.75 |BC
2382.24 |155.6831 |55.3076 [1632.8 |C
5330.3 |0.0 0.0 3828.13

The StatAdvisor

This table shows the models which give the smallest values of Mallows' Cp statistic. Cp is a
measure of the Bias in a model, based on a comparison of total mean squared error to the true
error variance. UnBiased models have an expected value of approximately p, where p is the
number of coefficients in the fitted model (including the constant). You should look for models
with Cp values close to p. The plot of Cp, available in the list of Graphical Options, contains a
line equal to p to help you select the best models.

Két qua trén cho thdy gid tri C, bé nhét 12 4 va gan nhu bang s6 tham s6 cia céc bién sé (3
bién s6 BA, Hg va Dg cong v6i tham sb 1a hing s6 = 4). Vi vdy, ca ba bién A=BA, B=Hg va C=Dg
déu c6 anh huong dén M, do d6 can khao sat dé thiét 1ap md hinh M theo 3 bién s nay.
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Xuat ra do thi quan hé¢ R véi so0 tham sO | Graphs x

cua cac bién so:

[~ Mallows' Cp Plot
[~ MSE Plat
v R-Squared Plot

118 | Cancel All Help

Trong niit Graphs, chon R-Squared Plot

R-Squared

0 1 2 3 4
So tham so

[

Hinh 7.7. Quan hé gitra R-Squared v&i s tham sb gén cac bién s doc lap ctia mé hinh

Hinh 7.7 chi ra réng R? dat cyuc dai khi s6 tham s6 = 4; ¢6 nghia 1a c6 ba tham sb gén voi ba
bién s6 doc 1ap (BA, Hg va Dg) cling véi mot tham s 12 hing s6 anh hudng dén M.

7.4.2.2 Thiét |1ap mé hinh tuyén tinh da bién trong Statgraphics

Trén co s& st dung chi tiéu C,, ciia Mallow, xdc dinh dugc sb bién s6 anh hudng dén bién doc
1ap, tién hanh thiét 1ap mo hinh tuyén tinh da bién bang phwong phép binh phwong tdi thiéu trong
phan mém Statgraphics.

Ciing véi vi du trén vé trit luong rimg trong téch cho thiy M bi anh hudng boi ba bién BA, Hg
va Dg, thiét 1ap quan hé M = b, + b;BA + b,Hg + b;Dg trong Statgraphics nhu sau:

.
Thiét lﬁp mO hinh 22 STATGRAPHICS Centurion - Stat Cp Tuyen tinh da bien.sgp

File Edit Define Measure Analyze |mprove Control Forecast SnapStats! Tools View Window Help

tuyén tfnh da blén: = E Analysis of Variance a2 ﬁ h‘_l %3 E E W -ﬂ% L/: ° A k4

ImprOVC / Regression ﬁ D: Regression Analysis > One Factor P MEL & et M Bl
. . ’ St Experimental Design Creation > Multiple Factors > Multiple-Variable Analysis (Correlations)...
Experimental Design Analysis > Attribute Data » Multiple Regression...
Analysis / Multiple Factors G s o7 Design Analy o Multiple Reg
. . — jhegressio A Mo Life Data > Regression Model Selection...
/ Multiple Regression Statfisporter n 3 e
! StatFolio Comments Hidge Reqrezsions
Multiple Regression X
QA Dependent Variable:
D: M
Dgu |
Dia phuong
T h n h . h D? £30 Independent Yariables:
BA
rong hop thogi chon | |7 ik
~ < A A A A M
cdc bién so doc lap (BA, | |Mso ¢
N
Hg va Dg) va phu thudc | 2
TVKH
M) '
[Select]
|
[weights:)

[v Sort column names I
oK I Cancel I Delete I Transform. Help
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Két qua thiét 1ap mé hinh tuyén tinh nhiéu bién trong Statgraphics:

Multiple Regression - M
Dependent variable: M
Independent variables:

BA

Dg

Hg

Standard T

Parameter Estimate Error Statistic P-Value
CONSTANT -62.7118 3.38776 -18.5113 0.0000
BA 7.04942 0.207808 33.9227 0.0000
Dg 0.800355 0.411108 1.94682 0.0540
Hg 4.95232 0.629853 7.86267 0.0000
Analysis of Variance
Source Sum of Squares Df Mean Square F-Ratio P-Value
Model 615659. 3 205220. 1276.71 0.0000
Residual 18646.0 116  [160.741
Total (Corr.) 634305. 119

R-squared = 97.0604 percent

R-squared (adjusted for d.f.) = 96.9844 percent
Standard Error of Est. = 12.6784

Mean absolute error = 10.0074
Durbin-Watson statistic = 1.34124 (P=0.0001)
Lag 1 residual autocorrelation = 0.327498

The StatAdvisor
The output shows the results of fitting a multiple linear regression model to describe the
relationship between M and 3 independent variables. The equation of the fitted model is

M =-62.7118 + 7.04942*BA + 0.800355*Dg + 4.95232*Hg

Két qua trén cho thay bién s6 Dg c¢6 P -Value = 0.0540 > 0.05, ¢6 nghia 12 tham sb gan bién
nay x4p xi bang 0 (chap nhan gia thuyét H;: b; = 0); vi vdy nén loai bién s6 Dg ra khoi md hinh. Liic
nay 1ap md hinh chi con hai bién s6 doc 1ap 1a BA va Hg

Két qua 1ap mé hinh tuyén tinh da bién véi bién s6 Dg loai khéi mo hinh:
Multiple Regression - M
Dependent variable: M

Independent variables:

BA
Hg
Standard T
Parameter Estimate Error Statistic P-Value
CONSTANT -61.5752 3.37662 -18.2357 0.0000
BA 7.02578 0.209912 33.4701 0.0000
Hg 6.00919 0.323173 18.5944 0.0000
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Analysis of Variance

Source Sum of Squares Df Mean Square F-Ratio P-Value
Model 615050. 2 307525. 1868.61 0.0000
Residual 19255.2 117  (164.574

Total (Corr.) 634305. 119

R-squared = 96.9644 percent

R-squared (adjusted for d.f.) = 96.9125 percent
Standard Error of Est. = 12.8287

Mean absolute error = 10.153

Durbin-Watson statistic = 1.40396 (P=0.0005)
Lag 1 residual autocorrelation = 0.295258

The StatAdvisor
The output shows the results of fitting a multiple linear regression model to describe the
relationship between M and 2 independent variables. The equation of the fitted model is

M =-61.5752 + 7.02578*BA + 6.00919*Hg

Since the P-value in the ANOVA table is less than 0.05, there is a statistically significant
relationship between the variables at the 95.0% confidence level.

The R-Squared statistic indicates that the model as fitted explains 96.9644% of the variability in
M. The adjusted R-squared statistic, which is more suitable for comparing models with different
numbers of independent variables, is 96.9125%. The standard error of the estimate shows the
standard deviation of the residuals to be 12.8287. This value can be used to construct prediction
limits for new observations by selecting the Reports option from the text menu. The mean
absolute error (MAE) of 10.153 is the average value of the residuals. The Durbin-Watson (DW)
statistic tests the residuals to determine if there is any significant correlation based on the order
in which they occur in your data file. Since the P-value is less than 0.05, there is an indication of
possible serial correlation at the 95.0% confidence level. Plot the residuals versus row order to
see if there is any pattern that can be seen.

In determining whether the model can be simplified, notice that the highest P-value on the
independent variables is 0.0000, belonging to BA. Since the P-value is less than 0.05, that term is
statistically significant at the 95.0% confidence level. Consequently, you probably don't want to
remove any variables from the model.

Két qua trén da 1ap dugc mo hinh: M = -61.5752 + 7.02578*BA + 6.00919*Hg

M5 hinh ¢6 cdc chi tiéu théng ké va sai sb sau tinh duoc trong phdn mém Statgraphics:
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Hé s xdc dinh: R-squared (adjusted for d.f.) = 96.9125 %, v&i P-Value = 0.000 < 0.0001. R?
nhu vay 1a rt cao va ton tai rd rét, ching to mbi quan hé giita M véi hai bién sb BA va Hg la rat
chat ché.

Céc tham s6 gin céc bién doc 1ap (BA vA Hg) déu c6 P-Value = 0.0000 < 0.0001, do d6 ton
tai hay néi khac 1 anh huong ro rét dén bién phy thuoc M.

Sai s6 MAE cta m6 hinh (Mean absolute error) = 10.153 m’/ha.

So sanh két qua nay véi mo hinh M chi theo mot bién s 1a BA & phén trén cho thidy mo hinh
c6 thém bién Hg dd nang cao R*rat nhiéu va sai s6 MAE ciing giam ro rang. Diéu nay hoan toin
phit hop véi thyc té, M khong chi ¢6 quan hé véi BA ma con véi Hg, vi cdc 1am phan c6 cling BA
nhung chiéu cao trung binh 1dm phan khac nhau thi M s& thay d6i khac nhau. Trong khi d6 bién Dg
bi loai khéi mé hinh 1a do BA da phan anh Dg trong d6, vi viy Dg la khong can dua vao trong mo
hinh.

Chon xuét ra hai dang dd thi & Hinh 7.8, cho théy M du doan va quan sat kha bam sat nhau
qua dudng chéo, c6 nghia 12 md hinh kha tét, tuy nhién bién dong sai s theo M khong déu, sai s6
khong rai déu theo dy bdo va c6 mot sé diém khi M 16n thi sai s chuidn héa > 2 13 rét. Didu nay
cho thdy mé hinh tuyén tinh c6 thé chua m6 ta tot cho méi quan hé nay. Trong truong hop nay nén
thir mo hinh t6 hogp hodc phi tuyén tinh (s& trinh bay trong muyc tiép theo).

Ciing can néi thém rang trong thyc té rat it quan hé sinh hoc c¢6 dang duong thing cho dir Ia
nhiéu bién. Quan hé duong thing 12 quan hé kha hiém vi cic mbi quan hé giita céc nhan tb cy, 1am
phéan, hé sinh thii rimg ludn la phirc tap va khé c6 dang “dudng thang”; vi vdy md hinh duong
théng can dp dung mot cich thin trong, chi chon lya khi ma cic dang phi tuyén da duoc thur
nghiém nhung khong bang né.
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M du bao qua mo hinh (m3/ha)

b)

M du bao qua mo hinh (m3/ha)

Hinh 7.8. D6 thi: a) Quan hé gitra gia tri M dy doan va quan sat M; b) Bién dong sai sb chuan héa theo M duw
doan qua m6 hinh: M = b, + b1BA + b2Hg + bsDg

Tiép tuc thir nghiém mo hinh tuyén tinh da bién véi bién doc 1ap duge to hop: BAxHg theo
dang: M = b, + b;(BAxHg) trong Statgraphics.

Két qua 1ap mé hinh tuyén tinh da bién, t6 hop bién:
Multiple Regression - M

Dependent variable: M

Independent variables:
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BA*Hg

Standard T

Parameter Estimate Error Statistic P-Value
CONSTANT 9.40253 0.918898 10.2324 0.0000
BA*Hg 0.52482 0.00372794 140.78 0.0000
Analysis of Variance

Source Sum of Squares Df Mean Square F-Ratio P-Value
Model 630551. 1 630551. 19819.07 0.0000
Residual 3754.21 118 |(31.8154

Total (Corr.) 634305. 119

R-squared = 99.4081 percent

R-squared (adjusted for d.f.) = 99.4031 percent
Standard Error of Est. = 5.64051

Mean absolute error = 4.19393
Durbin-Watson statistic = 1.16759 (P=0.0000)
Lag 1 residual autocorrelation = 0.410981

The StatAdvisor
The output shows the results of fitting a multiple linear regression model to describe the
relationship between M and 1 independent variables. The equation of the fitted model is

M =9.40253 + 0.52482*BA*Hg

Since the P-value in the ANOVA table is less than 0.05, there is a statistically significant
relationship between the variables at the 95.0% confidence level.

The R-Squared statistic indicates that the model as fitted explains 99.4081% of the variability in
M. The adjusted R-squared statistic, which is more suitable for comparing models with different
numbers of independent variables, is 99.4031%. The standard error of the estimate shows the
standard deviation of the residuals to be 5.64051. This value can be used to construct prediction
limits for new observations by selecting the Reports option from the text menu. The mean
absolute error (MAE) of 4.19393 is the average value of the residuals. The Durbin-Watson (DW)
statistic tests the residuals to determine if there is any significant correlation based on the order
in which they occur in your data file. Since the P-value is less than 0.05, there is an indication of
possible serial correlation at the 95.0% confidence level. Plot the residuals versus row order to
see if there is any pattern that can be seen.

In determining whether the model can be simplified, notice that the highest P-value on the
independent variables is 0.0000, belonging to BA*Hg. Since the P-value is less than 0.05, that
term is statistically significant at the 95.0% confidence level. Consequently, you probably don't
want to remove any variables from the model.
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Hinh 7.9. B4 thi quan hé M = b, + bi( BAxHg). a) Quan hé gitta M dy bao va quan sat;
b) Bién dong sai s6 theo M dw bao qua mé hinh
Trong truong hop nay, mé hinh t6 hgp bién M = b, + b;(BAxHg) so véi md hinh khong t6
hop bién M = b, + b, BA + b,Hg cho két qua tot hon theo chi tiéu R* cao hon va sai s6 MAE bé
hon nhiéu. Dong thoi cdc d6 thi quan hé giita gid tri quan sit v6i duy dodn va bién dong sai s6 &
Hinh 7.9 1 duoc cai thién ro rét. Tuy nhién, dy cling 12 mo hinh “duong thing”, vi vay tiép tuc
thir nghiém theo md hinh phi tuyén la can thiét ¢¢ md phong t6t nhat mdi quan hé nay.

7.4.2.3 Thiét 1ap mé hinh tuyén tinh da bién, t6 hop bién theo chwong trinh “Im”
trong R
Lap céc codes d¢é thiét 1ap md hinh tuyén tinh da bién, to hop bién trong R s& cung cip cac két
qua da dang va tuly chon cho nguoi st dung

St dung Dir liéu 10 dé minh hoa viéc lap quan h¢ tuyén tinh M = b, + bjxBA + b, x Hg tir di¥
lidu 120 6 miu cua rimg trong téch. Sau ddy la cdc codes va két qua 1ap va ddnh gid mé hinh tuyén
tinh da bién, hodc t6 hop bién theo phuong phap binh phuong tdi thiéu trong R, theo churong trinh
“Im” (Chambers, 1992).

Codes dé 1ap mé hinh da bién theo chwong trinh “Im”:
# Erase memory

rm(list=Is())

# Clean plot window

dev.off()

# Cai dat chuong trinh vé do thi ggplot2:

library(ggplot2)

# Define the working directory (Thu muc)
setwd("E:/1 - Bao Huy 2017/Books All/Textbook for Infomatic Statistic/TextbookDataset
Analysis/Dataset")

# Import data from a .txt file (Nhap dir liéu):

t <- read.table("Teak 120 plots.txt", header=T,sep="\t",strings AsFactors = FALSE)
library(ggplot2)

# Model development: M = bo + b;BA + b,Hg theo chuong trinh "Im":
Linear_modell <- In(M~BA+Hg, data=t)

# Outputs of the model
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summary(Linear_modell)

anova(Linear_modell)

t$Linear_modell fit <- fitted.values(Linear_modell)
t$Linear_modell.res <- residuals(Linear_modell)
# Summary of linear model: Tém tit két qua m hinh:

Két qua uée lugng md hinh tuyén tinh da bién trong R nhu sau:

> summary(Linear_model11)

call:
Tm(formula = M ~ BA + Hg, data = t)
Residuals:

Min 1Q Median 3Q Max
-19.890 -9.968 -4.225 9.152 67.005
Coefficients:

Estimate Std. Error t value Pr(>|t]|)

(Intercept) -61.5752 3.3766 -18.24 <2e-16 ***
BA 7.0258 0.2099 33.47 <2e-16 ***
Hg 6.0092 0.3232 18.59 <2e-16 ***
Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*” 0.05 °.

> 0.1 ¢

Residual standard error: 12.83 on 117 degrees of freedom

Multiple R-squared: 0.9696,

Adjusted R-squared:

F-statistic: 1869 on 2 and 117 DF, p-value: < 2.2e-16

> anova(Linear_modell)
Analysis of variance Table

Response: M

Df Sum Sg Mean Sq F value Pr(>F)
BA 1 558148 558148 3391.46 < 2.2e-16 **=*
Hg 1 56902 56902 345.75 < 2.2e-16 ***
Residuals 117 19255 165
Signif. codes: 0 ‘***’ (0.001 ‘**’ 0.01 ‘*’ 0.05 °

.. 0.1°¢

0.9691

1

1

M5 hinh: M = -61.5752 + 7.0258 BA + 6.0092 Hg

Vi R? = 0.9691 véi cdc p-value kiém tra R va cdc tham sé = 2.2e-16 < 0.0001;

Két qua nay hoan toan tring hop véi két qua chay trong Statgraphics.

AIC(Linear_modell)
Bias <- mean(t$Linear_modell.res)
RMSE <- sqrt(mean((t$Linear_modell.res)"2))

Bias
RMSE
MAPE

MAPE <- 100*mean(abs(t$Linear_modell.res)/t$M)

Codes dé tinh AIC va céc sai so ciia md hinh tuyén tinh da bién:
# Outputs of the model: Tinh gid tri du bao va Bias ciia mo hinh:
t$Linear_modell fit <- fitted.values(Linear_modell)
t$Linear_modell.res <- residuals(Linear_modell)

# Indicators for validation of the model: AIC va céc sai so:
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Két qua tinh AIC va sai s6 ciia mo hinh tuyén tinh da bién:

> AIC(Linear_modell)
[1] 957.9107

>

> Bias <- mean(t$Linear_modell.res)

> RMSE <- sqrt(mean((t$Linear_modell.res)A2))

> MAPE <- 100*mean(abs(t$Linear_modell.res)/t$m)
>

> Bias

[1] 2.401725e-16

> RMSE

[1] 12.66728

> MAPE

[1] 22.74413

Nhu vy mo6 hinh c6:
AIC =957.9

Bias =2.4e-16
RMSE = 12.7m’/ha
MAPE = 22.7%

Codes dé lap cac do thi danh gia mé hinh tuyén tinh da bién:

# Residuals and Normal Q-Q Plots: Db thi sai s6 va Q-Q

par(mfrow = c(1, 2))

plot(Linear_modell,1:2)

# Observated and Predicted Values: D0 thi quan sét va du bio qua m hinh:

p <- ggplot(t, aes(x=Linear_modell.fit, y=M))

p <- p + geom_point(cex=2)

p <- p + geom_abline(cex = 1.5, intercept = 0, slope = 1, col="black")

p <- p + xlab("Dy dodn (m3/ha)") + ylab("Quan sat (m3/ha)") + theme_bw()+ theme_bw()
p = p + theme(axis.title.y = element_text(size = rel(1.5)))

p = p + theme(axis.title.x = element_text(size = rel(1.5)))

p <- p + theme(plot.title = element_text(size = rel(1.7)))

p = p + theme(axis.text.x = element_text(size=15))

p = p + theme(axis.text.y = element_text(size=15))

p

# Resuduals and Predicted value: Do thi bién dong sai s6 theo du bdo qua mo hinh:
p <- ggplot(t, aes(x=Linear_model1.fit, y=Linear_modell.res))

p <- p + geom_point(cex = 2)

p <- p + geom_line(cex = 1.5, aes(x=Linear_modell.fit, y=0))

p <- p + xlab("Dy doan (m3/ha)") + ylab("Sai ) (m3/ha)") + theme_bw()+ theme_bw()
p = p + theme(axis.title.y = element_text(size = rel(1.5)))

p = p + theme(axis.title.x = element_text(size = rel(1.5)))

p <- p + theme(plot.title = element_text(size = rel(1.7)))

p = p + theme(axis.text.x = element_text(size=15))

p = p + theme(axis.text.y = element_text(size=15))

|y
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Hinh 7.10. Db thj quan sat so v&i dw doan qua mé hinh: a) va bién ddng sai sb theo gia tri dw doan qua mé
hinh; b) M6 hinh: M = b, + b1xBA + baxHg
Két qua ¢ Hinh 7.10 cho thy gid tri quan sat va dy bdo khd bam sat nhau trén dudng chéo,
tuy nhién sai s6 khong phan bd déu quanh gia tri du bao, diéu nay cho thiy mé hinh dy béo cho sai
sO bi thién léch. C6 nghia 1a cAn tim m hinh t6t hon vi du nhu 12 phi tuyén dé md phong quan hé
M = f(BA, Hg) ctia rimg trong téch.

Tuong tu nhu trén sir dung chuong trinh “lm” dé 1ap mo hinh tuyén tinh t6 hop bién dang
M =b, + b; (BAxHg) (Chambers, 1992).

Codes 14p mé hinh tuyén tinh t6 hgp bién trong R

# Combination of variables: T6 hgp bién:

t$BAHg = t$BA*t$Hg

# Model development: Lap md hinh tuyén tinh t6 hop bién theo Im
Linear_modell <- Im(M~BAHg, data=t)

# Summary of linear model: Tém tit két qua md hinh
summary(Linear_modell)

anova(Linear_modell)

Két qua 1ap mo hinh tuyén tinh t6 hop bién theo “Im” trong R:

> summary(Linear_modell)

call:
Tm(formula = M ~ BAHg, data = t)
Residuals:
Min 1Q Median 3Q Max

-16.6574 -3.3210 -0.0862 3.0580 23.5529

Coefficients:

Estimate Std. Error t value Pr(>|t]|)
(Intercept) 9.402527 0.918898 10.23 <2e-16 *¥*
BAHg 0.524820 0.003728 140.78 <2e-16 ***

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 “.” 0.1 * * 1

Residual standard error: 5.641 on 118 degrees of freedom
Multiple R-squared: 0.9941, Adjusted R-squared: 0.994
F-statistic: 1.982e+04 on 1 and 118 DF, p-value: < 2.2e-16

> anova(Linear_modell)
Analysis of variance Table
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Response: M

Df Sum Sq Mean Sq F value Pr(>F)
BAHg 1 630551 630551 19819 < 2.2e-16 ***
Residuals 118 3754 32

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 “.” 0.1 * * 1

Két qua c6 md hinh: M = 9.403 + 0.525x(BAxHg)
Vi R? = 0.994, cdc p-value kiém tra R va cdc tham s = 2.2e-16 < 0.0001

Codes tinh cic chi tiéu thong ké ctia mé hinh t6 hop bién va sai so:
# Outputs of the model: Ugc tinh va Bias ctia mo hinh:
t$Linear_modell fit <- fitted.values(Linear_modell)
t$Linear_modell.res <- residuals(Linear_modell)

# Indicators for validation of the model: C4c chi tiéu thong ké kiém dinh md hinh:
AIC(Linear_modell)

Bias <- mean(t$Linear_modell.res)

RMSE <- sqrt(mean((t$Linear_modell.res)"2))

MAPE <- 100*mean(abs(t$Linear_modell.res)/t$M)

Bias

RMSE

MAPE

Két qua:

> # Indicators for validation of the model

> AIC(Linear_modell)

[1] 759.7223

>

> Bias <- mean(t$Linear_modell.res)

> RMSE <- sqrt(mean((t$Linear_modell.res)A2))

> MAPE <- 100*mean(abs(t$Linear_modell.res)/t$m)
>

>

Bias
[1] 5.600726e-16
> RMSE
[1] 5.59331
> MAPE
[1] 8.422975

Tir két qua trén, so sdnh cdc chi tiéu thong k& ciia hai mo hinh tuyén tinh da bién va t6 hop
bién ¢ Bang 7.1 Tir ddy cho thdy mo hinh t6 hop bién BAxHg déu c6 cdc chi tiéu thong ké tét hon
mb hinh da bién: R” 16n hon, AIC va cdc sai s6 Bias, RMSE, MAPE déu nho hon.

Bang 7.1. So sanh hai mé hinh tuyén tinh da bién va té hop bién

Chi tiéu thong k&, sai s6 MO0 hinh tuyén tinh da bién: MO hinh tuyén tinh td hop
M = b, + b;BA +b,Hg bién:
M = b, + b;(BAxHg)
R’adjusted 0.969 0.994
AIC 957.9 759.7
Bias (m3/ha) 2.4e-16 5.6e-16
RMSE (m*/ha) 12.7 5.59
MAPE (%) 22.8 8.42
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Codes vé cac do thi danh gia mo hinh tuyén tinh té hop bién:

# Residuals and Normal Q-Q Plots: Db thi sai s6 va Q-Q

par(mfrow = c(1, 2))

plot(Linear_modell,1:2)

# Observated and Predicted Values: DO thi quan sat va dy bao:

p <- ggplot(t, aes(x=Linear_modell.fit, y=M))

p <- p + geom_point(cex=2)

p <- p + geom_abline(cex = 1.5, intercept = 0, slope = 1, col="black")
p <- p + xlab("Dy dodn (m3/ha)") + ylab("Quan sat (m3/ha)") + theme_bw()+ theme_bw()
p = p + theme(axis.title.y = element_text(size = rel(1.5)))

p = p + theme(axis.title.x = element_text(size = rel(1.5)))

p <- p + theme(plot.title = element_text(size = rel(1.7)))

p = p + theme(axis.text.x = element_text(size=15))

p = p + theme(axis.text.y = element_text(size=15))

p \ 14

# Resuduals and Predicted value: Do thi sai so6 va du béo:

p <- ggplot(t, aes(x=Linear_model1.fit, y=Linear_model].res))

p <- p + geom_point(cex = 2)

p <- p + geom_line(cex = 1.5, aes(x=Linear_modell.fit, y=0))

p <- p + xlab("Dy doan (m3/ha)") + ylab("Sai ) (m3/ha)") + theme_bw()+ theme_bw()
p = p + theme(axis.title.y = element_text(size = rel(1.5)))

p = p + theme(axis.title.x = element_text(size = rel(1.5)))

p <- p + theme(plot.title = element_text(size = rel(1.7)))

p = p + theme(axis.text.x = element_text(size=15))

p = p + theme(axis.text.y = element_text(size=15))

p
Residuals vs Fifted Normal Q-Q
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Hinh 7.11. Db thj sai sb theo dw bao: a) va Q-Q; b) ctia mé hinh tuyén tinh t& hop bién
(M = b + b1(BAxHg))
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Hinh 7.12. Db thj quan séat v&i dw bao: a) va sai s6 theo dw bao; b) ctia mé hinh tuyén tinh t6 hop bién
(M = b, + bi(BAxHg))
Két qua cdc d6 thi ¢ Hinh 7.11 va Hinh 7.12 cho thiy sai s, Q-Q va quan hé giita quan sat
voi dy bdo ctia mo hinh tuyén tinh to hop bién 1a déu tét hon mo hinh tuyén tinh da bién. Két qua
nay phit hop véi so sénh céc chi tiéu thong ké ctia hai dang mo hinh & trén.

7.5 M6 hinh phi tuyén tinh
Mo hinh phi tuyén tinh c6 dang téng quét (Linton va Hardle, 1998; Mehtatalo, 2013; Picard
et al., 2015):

yi = f(xii, ... L Xgp B pp) + & (7.12)

Trong d6 y; 1a bién phy thudc theo mau i, f 1a dang ham phi tuyén, Xqi 12 bién doc lap thir q cua
mau i, B, 1a tham sO thir p cia md hinh va €;1a sai s6 du bao y; ctia miu thir i. Dang ham f phi tuyén
tinh rat da dang, tiry thudc rat 1én vao mdi quan h¢ giita y; va Xqi nghién ciru.

Mdi quan hé giita cdc nhin td cdy ring, 1dm phan, cdc thanh phan ciia h¢ sinh thii ring
thuong rat phirc tap, khé dién ta day dii va chinh xdc theo mo hinh tuyén tinh. Vi vdy cdc mo hinh
phi tuyén tir mot dén nhiéu bién, hodc té hop bién, tir don gian & dang mii dén phirc tap nhu mi,
exp nhiéu ting dugc dp dung. M6 hinh phi tuyén tinh dwgc sir dung rat da dang trong mé hinh héa
cdc mdi quan hé trong hé sinh thai rimg, mo hinh héa qué trinh sinh truéng, san lugng, sinh khdi,
carbon rurng.

Déi v6i quan hé chiéu cao (H) véi duong kinh ngang ngue (DBH), céc quan hé phi tuyén tinh
sau thuong duoc st dung (Sola et al., 2014):

H = 1.3 + axDBH" (7.13)
H = 1.3 + axexp(-b/(DBH+c)) (Ratkowsky and Giles, 1990) (7.14)
H =13+ ax(l - exp(-bxDBH"c)) (Weibull in Yang et al., 1978) (7.15)

Dbi voi quan h¢ chiéu cao binh quan t?lng trdi (H,) theo tudi (A) dé lap biéu cép nang sudt
rimg trong:

- V&i ring tr(‘Sng téch (Tectona grandis L.1.), Bao Huy (1995), Bao Huy va cong su (1998) da
sir dung mo hinh phi tuyén tinh Schumacher:
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H, = a;xexp(-b; A™) (7.16)

- V6i rimg trong tram tring (Canarium album Raeusch) Bao Huy va Dao Cong Khanh (2008)
cling st dung ham Schumacher:

H, = 1617.456xexp(- 7.72465 xA"") (7.17)

D6i v6i mo hinh sinh trudng thé tich ciy rimg (V) theo tudi (A), mot s6 md hinh phi tuyén mii
nhiéu tang thuong duoc str dung nhu ham Schumacher, Korf (Nguyén Ngoc Lung, 1989). Vi du
sinh truong thé tich loai bang ling (Lagerstroemia calyculata Kurz) theo ham Korf (Bao Huy,
1993):

V = 8.73218xexp( - 25.27369 /A>3 (7.18)
D6i voi phuong trinh thé tich cay rimg (V) theo cdc nhan t diéu tra nhu duong kinh ngang

nguc (DBH), chiéu cao (H), mot sb dang phi tuyén power sau duoc st dung; trong dé cac bién s
¢6 thé 12 bién don hay t6 hop (Vii Tién Hinh, 2012):

V = b,xDBH" x H"” (7.19)
V = b,x(DBH’xH)" (7.20)

Dbi voi md hinh udce tinh sinh khéi — carbon ciy ring tu nhién trén madt dit (AGB) theo mot
dén nhiéu bién sé nhu DBH, H va khdi luong thé tich gb (WD) & viing nhiét doi, Viét Nam, mot s6
mb hinh phi tuyén sau thuong dugc sir dung:

Brown (1997): (7.21)

AGB = exp(—2.134 + 2.530xIn(DBH))
IPCC (2003): (7.22)

AGB = exp (—2.289 + 2.649xIn(DBH) — 0.021><(ln(DBH))2)

Chave et al. (2014): (7.23)

AGB = 0.0673x(WDxXDBH2xH)"976

Huy et al., 2016b: AGB cho rung 14 rong thuong xanh ving Nam Trung B9, trong dé CA 1a
dién tich tan 14 cay rung:

AGB = 0.61345x (DBH* xHxWD)"3¥% x CA"18834 (7.24)
Huy et al. 2016c thiét 1ap md hinh AGB cho rimng khop Viét Nam:
AGB = 0.06203xDBH?26430 x J0-51415 5 |/ [) 0.79456 (7.25)
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Viéc udc lugng cdc mo hinh phi tuyén tinh c6 thé d4p dung mot trong cic phuong phép: tuyén
tinh héa va binh phuong t6i thiéu (chuong trinh “Im” trong R, Chambers, 1992) hodc phi tuyén
binh phuong tdi thiéu (chwong trinh “nls” trong R: Nonlinear Least Squares) (Bates va Watts,
1988) hodc phuong phap phi tuyén ctia Marquardt (StatPoint-Inc., 2005) hodc phi tuyén anh hudng
phitc hop hop 1y t6i da (chwong trinh “nlme” trong R: Nonlinear Mixed-Effects Models -
Maximum Likelihood) (Davidian va Giltinan, 1995; Pinheiro et al., 2014).

7.5.1 Lwa chon cac bién sé anh hwéng trong mé hinh phi tuyén

Ciing nhu mé hinh tuyén tinh da bién, méi quan hé phi tuyén ciing c6 dang tir mot bién s6 anh
hudng cho dén nhiéu bién. Vi du dbi véi mo hinh ude tinh sinh khdi ciy rimg trén mat dat (AGB),
trong khi Chave et al. (2014) lap quan hé véi ti da 3 bién s6 12 DBH, H va WD, trong khi d6 Huy
et al. (2016b) da phat hi¢n thém bién CA da lam tang do tin cay ciia md hinh.

Chi tiéu Mallow’s Cp (1973) dugc st dung dé xac dinh s6 bién s doc 1ap x; anh hudng c6 ¥
nghia téi bién phuy thudc y; trong d6, khi Cp tién dén gid tri p gan bang nhit véi sb bién sb doc 1ap
thi d6 1a cdc bién t6i wu anh hudng dén y.

St dung Dir liéu 110 cdy miu xic dinh AGB va céc nhan t6 DBH, H, WD va CA ciia rimng 14
rong thuong xanh ving Nam Trung B (Dir liéu 11) dé xdc dinh sb bién sd tbi vu anh hudng dén
AGB ciy rung tu nhién theo chi tieu Cp cua Mallow (1073). Thyc hién trong ph?ln mém
Statgraphics nhu sau:

File Edit Define Measure Analyze |mprove Control Forecast SnapStats! Tools View Window Help
BrelrEENsl 947 F

One Factor > B A Lahet M R

TI'Ol'lg Statgraphics V?\IO Chl:rC I 88 STATGRAPHICS Centurion - Untitled StatFolio
b

= E Analysis of Variance
B0 BegressionAnabyis

nang st dung Mallow’s Cp:

. Experimental Design Creation Multiple Factors > Muttiple-Variable Analysis (Correlations).
Improve ~ /  Regression é | cpramituin e v | bk oo,
. . = - T Life Data > Regression Model Selection...
Analysis / Multiple Factors / Staifepater : =" Honlinear Regresion.
. . B Statfoio Comments . I:I . ~ ;idge Regression..
Regression Selections , patis LeastSquare..

Trong hop thoai Regression

Model Selection: AGE S
Bién phu thudoc (Dependent | |52 sG]
Variable): log(AGB) oo st Vaiaios
Céc bién doc lap (Independent W™ E\ ESEBJEH]
Variables): Nhap vao 4 bién dé tim S
cic bién t6i wu anh huong dén
AGB, gém log cua DBH, H, WD (Select:)
va CA I
Céc bién phu thudc va doc lap 'Waig”f“
déu dugc logarit do mo hinh quan B il
hé st dung dang ham mi, tuyén oK Cancel | Delete | Transfom.. Help

tinh héa dé danh gid mirc d6 quan
hé theo phuong phdp binh phuwong
tdi thiéu da bién
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Két qua xdc dinh chi s6 Cp Mallow t6i uru trong Statgraphics:
Regression Model Selection - log(AGB)
Dependent variable: log(AGB)
Independent variables:
A=log(DBH)
B=log(H)
C=log(WD)
D=log(CA)

Number of complete cases: 110
Number of models fit: 16

Models with Smallest Cp
Adjusted Included
MSE R-Squared|R-Squared|Cp Variables

0.0465823 [98.9146  |98.8733 |5.0 ABCD
0.0507418 [98.8064 |98.7727 13.4652 |ABC
0.0568574 [98.6626  |98.6247 |27.3815 |ABD
0.05949 [98.6007 |98.561 33.372 |ACD
0.0603782 [98.5664 |98.5396 |34.6893 |AC
0.0631657 [98.5002  {98.4721 41.0923 |AB
0.0726672 (98.2746  |98.2423  162.9174 |AD
0.0746345(98.2113  {98.1947 167.0385 |A
0.231369 [94.5577 |94.4036 424.489 |BCD
0.232108 [94.4887 |94.3857 429.156 |BD
0.489869 |[88.3684 |88.151 1021.23 |BC
0.494576 |88.1469 |88.0371 1040.66 |B
0.922546 |77.8901 |77.6853 20329 |D
4.01801 [3.70342 |2.81178 ]9209.68 |C
4.13426 |0.0 0.0 9565.94

The StatAdvisor

This table shows the models which give the smallest values of Mallows' Cp statistic. Cp is a
measure of the Bias in a model, based on a comparison of total mean squared error to the true
error variance. UnBiased models have an expected value of approximately p, where p is the
number of coefficients in the fitted model (including the constant). You should look for models
with Cp values close to p. The plot of Cp, available in the list of Graphical Options, contains a
line equal to p to help you select the best models.

Két qua cho thiy Cp bé nhit = 5 va bang s6 bién s6 1a 4 (A, B, C, D) + 1 tham s6 12 hang sb.
Nhur vay ca 4 bién doc 1ap DBH, H, WD va CA anh hudng dén viéc wéc tinh AGB qua md hinh
power. M6 hinh 4 bién ciing c6 R%; cao nhit = 98.8733 so véi cdc mod hinh it bién hon (Hinh
7.13).

Trén co s& nay Huy et al. (2016b) dd 1ap mo hinh udc tinh AGB theo 4 bién s6 DBH, H, WD
va CA cho ciy rimg 14 rong thuong xanh viing Nam Trung Bo; 1dn dau tién dua bién CA vao mo
hinh AGB ¢ Viét Nam va di chi ra ring, né c6 do tin cdy cao nhét so v6i cdc mé hinh c6 sé bién sb
it hon hodc so v4i mo6 hinh chung cho rung nhiét déi cua Brown (1997) va IPCC (2003) voi mét
bién DBH hoac ctia Chave et al. (2005, 2014) v6i ba bién DBH, H va WD.

117



-
B [¢)] (2] o
o o o o

T T T T

adjusted R-Squared

N
o
T

O_lnxxnAnnxI|A||l||||||1||lx||xl_
0 1 2 3 4 5 6
So tham so cua mo hinh

Hinh 7.13. Quan hé R2ad,-_ VO sb tham s6 cla mo hinh quan hé AGB = f(DBH, H, WD, CA). R? dat max v&i sb
tham s6 clia mé hinh = 5 (Bon bién s6 + mét hang s6 cta mé hinh)

7.5.2 Uéc lwong md hinh phi tuyén theo phwong phap tuyén tinh hoa

Phuong phdp udc lugng mo hinh phi tuyén tinh phd bién la tuyén tinh héa né, thuong Ia
logarit héa néu mé hinh dang ham mil, tir &6 wdc lwong céc tham s ctia md hinh tuyén tinh tir mot
dén nhiéu bién theo phuwong phép binh phwong téi thiéu.

Mot s6 ham phi tuyén va dugc tuyén tinh héa thong qua logarit pho bién (Picard et al., 2012):

y = boxxlblxxzb2 ...... xxnb“xe, tuyén tinh hoéa: log(y) = log(b,) + b;xlog(x;) + byxlog(x,) (7.26)

y = boxexp(xlblxxzb2 ...... xxnb“) XE, tuyén tinh héa: log(y) = log(b,) + bixx; + byxx, + (7.27)
....... b.xx, + log(€)

Trong d6 y1a bién phu thudc, x; 1a bién doc lap thir i dén n, b; 1a tham s theo bién s6 thir i dén
n cia mo hinh va € 1a sai s6 du bdo y.

D6i v6i mo hinh tuyén tinh héa dang logarit, khi chuyén vé lai dang nguyén thity 1a phi tuyén
dé ugce tinh Y, can sir dung mét hé sb diéu chinh (Corection Factor — CF) (Basuki et al., 2009; Bao
Huy, 2013). Sau khi tuyén tinh héa dang logarit dé lugng cic tham sd ctia md hinh theo phuong
phap binh phuong tbi thiéu, can tinh gi tri CF; sau d6 mo hinh dugc chuyén vé dang nguyén thiy
phi tuyén va khi dy dodn y cdn nhan thém hé s6 CF. Vi du voi mo hinh power sau khi tinh todn céc
tham sd, dy dodn y s& la:

y =CFx byxx;" xx .. oxx,™ (7.28)

Trong d6 CF dugc tinh:

CF = exp(RSE*/2) (7.29)

CF lu6n 16n hon 1. Trong d6 RSE (Residual standard error) la sai ti€u chuén cua ph?ln du (sai
léch gilra quan séat va du dodn). Khi RSE cang 16n thi CF cang 16n, c6 nghia md hinh cang c6 do tin

118



cdy thap. M6 hinh t6t khi CF cang tién dan dén 1 (Chave et al., 2005; Basuki et al., 2009; Bao Huy,
2013).

7.5.2.1 Uéc lwong md hinh phi tuyén dwoc tuyén tinh hda trong Statgraphics

Phan mém Statgraphics c¢6 kha ning hd tro dé wéc lugng cdc mé hinh dugc tuyén tinh héa
(461 bién sb) tir mot cho dén n bién sd ;.

Str dung dit liéu AGB theo cdc nhén t6 diéu tra ctia 110 ciy rirng miu cua rimg 14 rong thuong
xanh vung Nam Trung B¢ (Dt liéu 11, Huy et al., 2016b), udc lugng md hinh AGB theo mét nhan
t6 DBH dang ham power dugc logarit héa nhu sau:

AGB = b,xDBH"'x¢, logarit héa: log(AGB) = log(b,) + b;xlog(DBH) + log(e) (7.30)

Tién hanh wdc lwong md hinh phi tuyén mét bién dwoc logarit héa trong chuong trinh
Statgraphics theo phuwong phép binh phuong téi thiéu:

ThLIC hl¢n chuorng trinh 2% STATGRAPHICS Centurion - Stat Cp Phi tuyen va Mo hinh Phi tuyen AGB.sgp

udc tinh mo6 hinh tuyen tinh mQt File Edit Define Measure Analyze Improve Contrel Forecast SnapStats

bién trong Statgraphics: = E Analysis of Variance > i @ !‘._i m ;j_':n‘ )_r(f:i lz:‘_ t
. Simple Regression... One Factor >
Improve / Simple B — . l :
. 4 Polynomial Regression... Multiple Factors >
Regress10n... / One Factor Iﬂ Box-Cox Transformations... Attribute Data >
= Calibration Models... Life Data >
Trong hop thoai Simple
Regression: Nhap va cac bién Y | 68 o |
va X va logarit: Code E fogleGe) v
r H
1é : D ;
Trong bién Y: log(AGB) I %
.; Ten Ioai flso0EH)
Trong bién X: log(DBH) WD
[Select:)

¥ Sort column names

0K | Cancel ‘ Delete | Iranslnlmml Help |

Két qua ude lugng mo hinh tuyén tinh héa mot nhan t6: log(AGB) = log(b,) + bilog(DBH):

Simple Regression - log(AGB) vs. log(DBH)
Dependent variable: log(AGB)

Independent variable: log(DBH)

Linear model: Y = a + b*X

Coefficients
Least Squares Standard T
Parameter Estimate Error Statistic P-Value
Intercept -2.23646 0.0972079 -23.007 0.0000
Slope 2.4715 0.032095 77.0057 0.0000
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Analysis of Variance

Source Sum of Squares Df Mean Square F-Ratio P-Value
Model 442.574 1 442.574 5929.88 0.0000
Residual 8.06053 108  [0.0746345

Total (Corr.) 450.634 109

Correlation Coefficient = 0.991016

R-squared = 98.2113 percent

R-squared (adjusted for d.f.) = 98.1947 percent
Standard Error of Est. = 0.273193

Mean absolute error = 0.198873
Durbin-Watson statistic = 2.16837 (P=0.8102)
Lag 1 residual autocorrelation = -0.0938366

The StatAdvisor
The output shows the results of fitting a linear model to describe the relationship between
log(AGB) and log(DBH). The equation of the fitted model is

log(AGB) = -2.23646 + 2.4715*log(DBH)

Since the P-value in the ANOVA table is less than 0.05, there is a statistically significant
relationship between log(AGB) and log(DBH) at the 95.0% confidence level.

The R-Squared statistic indicates that the model as fitted explains 98.2113% of the variability
in log(AGB). The correlation coefficient equals 0.991016, indicating a relatively strong
relationship between the variables. The standard error of the estimate shows the standard deviation
of the residuals to be 0.273193. This value can be used to construct prediction limits for new
observations by selecting the Forecasts option from the text menu.

Két qua m hinh tuyén tinh héa theo logarit mot bién so:
log(AGB) =-2.23646 + 2.4715xlog(DBH)

Vi R-squared (adjusted) = 98.1947 % la cao va P-value kiém tra R (trong bang ANOVA)
cling nhu cdc tham sé mo hinh (trong bang Coefficients) = 0.0000 < 0.001, c¢6 nghia la ton tai R va
cdc tham sd.

Statgraphics ciing tinh sai s6 tuyét d6i trung binh MAE (Mean absolute error) = 0.198873, tuy
nhién luu y sai s6 nay 1a ctia bién Y di dugc tuyén tinh héa Y = log(y). Vi vay dy khong 1a sai s6
thyuc cua sinh khéi AGB. Tém lai, cic md hinh tuyén tinh héa dang logarit, cc sai s khong thé st
dung dé danh gia do tin cay vi da bi logarit héa va sai s6 ctia né nhé hon rat nhiéu so voi gié tri
thyre. Day 1a han ché cia phuong phap tuyén tinh héa trong danh gia sai s6 ctia mo hinh.

Hinh 7.14 cho thiy quan hé giita log(AGB) quan sat so voi du dodn 1a chit ch& va bién dong
sai sb rai déu quanh gia tri log(AGB) du dodn va hau hét nim trong pham vi -2 dén +2 (voi d6 tin
cdy 95%); cho thdy mo6 hinh mil tuyén tinh héa logarit mo ta tét quan hé AGB theo bién s6 DBH
cua cay rung 14 rong thuong xanh & Nam Trung Bo.
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Hinh 7.14. log(AGB)

-2.23646 + 2.4715xlog(DBH): a) log(AGB) quan sat so v&i log(AGB) dv doan qua mé
hinh; b) bién dong sai s6 chuan héa theo gié tri dw doan log(AGB)

Ngoai ra trong phan mém Stagraphics c¢6 chuong trinh 1ap sin dé hd tro cho viéc so sanh
nhiéu mo hinh phi tuyén voi mét bién sb doc 1ap tét nhat dya vao hé s6 xdc dinh R? dat max. Cach

tién hanh nhu sau

ThLIC h1¢n l¢nh l'glp mo hinh 28 STATGRAPHICS Centurion - Stat Cp Phi tuyen va Mo hinh Phi tuyen AGB.sgp
mot tllyén tinh nhén to: File Edit Define Measure Analyze |mprove Control Forecast SnapStats
Improve / Slmple = E Analysis of Variance > i @ e ﬂ m ?S E E
. E Simple Regression... One Factor >
Regressmn / On Factor 4 Polynomial Regression... Multiple Factors >
H Box-Cox Transformations... Attribute Data >
Ig Calibration Models... Life Data >
Trong hQp thoai Simple | Simple Regression %
Regression: Nhéap va cdc bién Y | [age .
5 :
va X va logarit: Code 4GB 1
a X va logarit Cod ™~
r H
18 . 1D .
Trong bién Y: AGB B onhoc X
B Ten loai E] IDBHl
Trong bién X: DBH ’
[Select:)
[V Sort column names l
0K I Cancel | Delete | Transform.. Help
, 5 A X
Trong nit Table cua két | ™'
qua mo hinh tuyén tinh mot bién
sO , chon so sdnh v&i cic mod PT——
hinh khiac: Comnparision of I Forecasts
Alternative Models v Comparison of Altemative Models
I™ Unusual Residuals
I Influential Points
0K | Cancel All Help
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Két qua Statgraphics s& cho ra két qua so sanh nhiéu mé hinh phi tuyén mot bién doc lap va so
v6i mo hinh tuyén tinh mot bién vira lap thong qua hé sb xdc dinh R%, mo hinh c6 R? cao nhit dugc
sap Ién trén cling trong bang so sdnh cdc mo hinh dugc trinh bay & Bang 7.2.

Bang 7.2. Két qué so sanh cac mé hinh tuyén tinh — phi tuyén mot bién s6 dwa va hé sé xac dinh R%. R? cang
cao dwoc xép Ién trén, va trén cling 1a md hinh c6 R? cao nhét ctia mdi quan hé

Comparison of Alternative Models

Model Correlation R-Squared
Multiplicative 0.9910 98.21%
Square root-Y 0.9801 96.05%
Logarithmic-Y square root-X 0.9760 95.26%
Square root-Y squared-X 0.9688 93.87%
Squared-X 0.9571 91.60%
Double square root 0.9560 91.38%
Exponential 0.9374 87.87%
S-curve model -0.9260 85.75%
Double reciprocal 0.9058 82.06%
Square root-Y logarithmic-X 0.9033 81.60%
Linear 0.8913 79.45%
Logarithmic-Y squared-X 0.8341 69.57%
Square root-X 0.8294 68.79%
Double squared 0.7904 62.47%
Reciprocal-Y logarithmic-X -0.7495 56.18%
Logarithmic-X 0.7462 55.69%
Square root-Y reciprocal-X -0.7298 53.26%
Squared-Y 0.6630 43.96%
Squared-Y square root-X 0.5834 34.04%
Reciprocal-X -0.5498 30.23%
Squared-Y logarithmic-X 0.4972 24.72%
Reciprocal-Y squared-X -0.4132 17.07%
Squared-Y reciprocal-X -0.3353 11.24%
Reciprocal-Y <no fit>

Reciprocal-Y square root-X <no fit>

Logistic <no fit>

Log probit <no fit>
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Tu vén cia Statgraphics: The StatAdvisor

This table shows the results of fitting several curvilinear models to the data. Of the models fitted, the multiplicative
model yields the highest R-Squared value with 98.2113%. This is 18.7611% higher than the currently selected linear
model. To change models, select the Analysis Options dialog box.

Trong trudong hop quan hé dang khao sat 1a8 AGB = f(DBH) thi md hinh dang Multiplicative
(Power) c6 R* cao nhat. Két qua nay phit hgp véi viéc lya chon md hinh power dé thiét lap mdi
quan h¢ nay & phan trén.

Gia st dang thtr nghiém véi md hinh tuyén tinh don, dé tiép tuc thuc hién 1ap mo6 hinh power
nhur tu van cta Statpraphics, tién hanh nhu sau:

Trong cua Sé d6 thl, Simple Regression Options X
kich chuét phdi va chon trong Type of Model
. . " Linear " Squared-Y Square Root-X " Double Reciprocal
menu: Analy31s Opthl’lS... " Square Root-Y " Logarithmic-X " Squared-Y ReciprocalX
" Ewponential - " Squared¥
TI‘Ol’lg hﬁp thoai: Slmple " Reciprocaly { " Square RootY Squared:<
. . (" Squared-Y O ReciprocalY Log¥ " Log-Y Squared-X
Regress10n Optlons: Chon " Square Root-X " Squared‘Y Log¥ " Reciprocal’y Squared-X
3 = A s R2 " Double Square Roat " ReciprocalX " Double Squared
harp da dlIQ’C tu van c6 R” cao " Log"Y Square Rootx " Square RootY ReciprocalX Logistic
nhét’ tru?(‘)’ng ho’p nﬁy la " ReciprocalY Square Root:X S-Curve " Log Probit

Multiplicative Alemative Fit

* None (least squares only)
" Minimize absolute deviations
" Use medians of 3 groups

Cancel Help

Két qua thiét 1ap ham dang Multiplicative (Power) dugc lya chon trén co s& véi R? cao nhat
ctia md hinh mét bién s6 doc 1ap trong Statgraphics:

Simple Regression - AGB vs. DBH
Dependent variable: AGB
Independent variable: DBH
Multiplicative model: Y = a*X”"b

Coefficients
Least Squares Standard T
Parameter Estimate Error Statistic P-Value
Intercept -2.23646 0.0972079 -23.007 0.0000
Slope 2.4715 0.032095 77.0057 0.0000

NOTE: intercept = In(a)
Analysis of Variance

Source Sum of Squares Df Mean Square F-Ratio P-Value
Model 442.574 1 442.574 5929.88 0.0000
Residual 8.06053 108 0.0746345

Total (Corr.) 450.634 109

Correlation Coefficient = 0.991016
R-squared = 98.2113 percent
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R-squared (adjusted for d.f.) = 98.1947 percent
Standard Error of Est. = 0.273193

Mean absolute error = 0.198873
Durbin-Watson statistic = 2.16837 (P=0.8102)
Lag 1 residual autocorrelation = -0.0938366

The StatAdvisor
The output shows the results of fitting a multiplicative model to describe the relationship
between AGB and DBH. The equation of the fitted model is

AGB = exp(-2.23646 + 2.4715*In(DBH))
or

In(AGB) = -2.23646 + 2.4715*In(DBH)

Since the P-value in the ANOVA table is less than 0.05, there is a statistically significant
relationship between AGB and DBH at the 95.0% confidence level.

The R-Squared statistic indicates that the model as fitted explains 98.2113% of the
variability in AGB. The correlation coefficient equals 0.991016, indicating a relatively strong
relationship between the variables. The standard error of the estimate shows the standard
deviation of the residuals to be 0.273193. This value can be used to construct prediction limits
for new observations by selecting the Forecasts option from the text menu.

The mean absolute error (MAE) of 0.198873 is the average value of the residuals. The
Durbin-Watson (DW) statistic tests the residuals to determine if there is any significant
correlation based on the order in which they occur in your data file. Since the P-value is greater
than 0.05, there is no indication of serial autocorrelation in the residuals at the 95.0% confidence
level.

Két qua nay hoan toan triing hop véi thiét 1dp mo hinh duoc logarits héa ¢ phan trén. Tuy
nhién, & phan trén mé hinh power do nguoi sir dung quyét dinh, trong khi d6 ¢ két qua nay mé hinh
duogc lya chon Multiplicative 1a nho sy so sanh cua nhiéu md hinh mot bién s duoc lap trinh san
trong Statgraphics. Vi vdy, trong nhiéu truong hop, khi chua biét dang quan hé thich hgp véi mot
bién sé doc I4p, chuong trinh nay 12 mot céng cu hd tro hitu ich dé phat hién nhanh md hinh c6 R*
cao nhit. Tuy nhién, ciing cin luu ¥ ring khong phai md hinh tdi uu bao gio ciing c¢6 R? cao nhét,
n6 chi 12 mét trong nhirng chi tiéu thong ké dé tham khao dau tién, ngoai ra con can quan tim dén
cdc chi tiéu nhu AIC, céc loai sai s6 nhu Bias, RMSE, MAPE, .. va dic biét 1a cdc d6 thi biéu dién
quan h¢ gilra gia tri quan sat voi dy doan va dd thi bién dong residials theo gia tri dy doan khi so
sdnh cdc md hinh véi nhau.

Ngoai ra, trong Statgraphics dé thiét 1ap mo hinh tuyén tinh héa qua logarit véi nhiéu bién s6
doc lap, thi cdch tién hanh ciing twong ty, chi dua thém bién doc lap dugce lay log. Vi dy, tiép tuc sir
dung D liéu 11 (Huy et al., 2016b), uéc luvgng md hinh AGB theo hai nhan t6 DBH va H dang
ham power dugc logarit héa nhu sau:

AGB = b,xDBH"H"”xs, logarit héa: log(AGB) = log(b,) + b;xlog(DBH) + (7.31)
boxlog(H) + log(¢)

124



Tién hanh udc lugng mé hinh phi tuyén hai bién dwoc logarit héa trong chuong trinh
Statgraphics theo phuwong phép binh phuong téi thiéu:

2% STATGRAPHICS Centurion - Stat Cp Phi tuyen va Mo hinh Phi tuyen AGB.sgp

Thyc hién chuong

File Edit Define Measure Analyze Improve Control Forecast SpapStats! JTools View Window Help

trinh tuyén tinh da bién | Iz g Lyee of veianee S EY R EENEL (94T E

. . Regression Analysis > One Factor > M EL Y abet] A RowrPd
trong Statgraphlcs ° Experimental Design Creation > Multiple Factors > Multiple-Variable Analysis (Correlations)...
Experimental Design Analysis Attribute Data > Multiple Regression...
Improve / ) Simple Regressic  |ife Data > Regression Model Selection...
StatReport Dependent variable: A
. . Independent variable: DBH Nonlinear Regression...
Regression Analysis /| |B sefeetomets || e modet T -2 Ridge Regression..
Regression Model Select Partial Leact Squares
Multiple ~ Factors / . ~old Coethicients = e
Multiple Regression...
<A . . 1
Nhép CéC blen phu Multiple Regression x

thuéc va déC lép va léy EEB Dependent Variable:

thoai 83?18 |\og[AGB]

]
Multiple Regression b

Ten khoa hoc Independent Variables:

Ten loai ‘E log(DBH)
WD loa(HI

log trong hop

(Select)
|
(Weights:)

[V Sort column names I

[ o | Cancel | Delete | Transfom Help '

Két qua thiét lap md hinh phi tuyén nhiéu bién sb duoc tuyén tinh héa theo ham logarit va

theo phurong phap binh phuong tdi thiéu trong Statgraphics:
Multiple Regression - log(AGB)
Dependent variable: log(AGB)
Independent variables:

log(DBH)

log(H)

Standard T

Parameter Estimate Error Statistic P-Value
CONSTANT -2.85846 0.163615 -17.4707 0.0000
log(DBH) 2.1401 0.0787451 27.1776 0.0000
log(H) 0.579318 0.12761 4.53974 0.0000
Analysis of Variance
Source Sum of Squares Df Mean Square F-Ratio P-Value
Model 443.876 2 221.938 3513.58 0.0000
Residual 6.75873 107  [0.0631657
Total (Corr.) 450.634 109
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R-squared = 98.5002 percent

R-squared (adjusted for d.f.) = 98.4721 percent
Standard Error of Est. = 0.251328

Mean absolute error = 0.191371
Durbin-Watson statistic = 1.96921 (P=0.4363)
Lag 1 residual autocorrelation = 0.00949601

The StatAdvisor
The output shows the results of fitting a multiple linear regression model to describe the
relationship between log(AGB) and 2 independent variables. The equation of the fitted model is

log(AGB) = -2.85846 + 2.1401*log(DBH) + 0.579318*log(H)

Since the P-value in the ANOVA table is less than 0.05, there is a statistically significant
relationship between the variables at the 95.0% confidence level.

The R-Squared statistic indicates that the model as fitted explains 98.5002% of the variability in
log(AGB). The adjusted R-squared statistic, which is more suitable for comparing models with
different numbers of independent variables, is 98.4721%. The standard error of the estimate
shows the standard deviation of the residuals to be 0.251328. This value can be used to construct
prediction limits for new observations by selecting the Reports option from the text menu. The
mean absolute error (MAE) of 0.191371 is the average value of the residuals. The Durbin-
Watson (DW) statistic tests the residuals to determine if there is any significant correlation based
on the order in which they occur in your data file. Since the P-value is greater than 0.05, there is
no indication of serial autocorrelation in the residuals at the 95.0% confidence level.

In determining whether the model can be simplified, notice that the highest P-value on the
independent variables is 0.0000, belonging to log(H). Since the P-value is less than 0.05, that
term is statistically significant at the 95.0% confidence level. Consequently, you probably don't
want to remove any variables from the model.

Két qua c6 duoc md hinh:
log(AGB) = -2.85846 + 2.1401*log(DBH) + 0.579318*log(H)

Véi R%,;. = 98.4721 % va P-Value = 0.0000 < 0.0001 khi kiém tra ton tai ciia R va cdc tham
s ctia mo hinh.

Hinh 7.15 cho thiy gid tri log(AGB) du bdo bam sét quan sit va sai s duoc chuan héa bién
dong rai déu theo du dodn va nim hau hét trong pham vi -2 dén +2; t6t hon so véi md hinh mot
bién da thyc hién & phén trén.
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Hinh 7.15. M6 hinh log(AGB) = -2.85846 + 2.1401*log(DBH) + 0.579318"log(H). a) Quan sét so v&i dw doan;
b) Bién dong sai s0 theo dw doan
Pong thoi trong Statgraphics, con ¢ thé thiét 1ap mo hinh tuyén tinh héa qua logarit v6i nhidu
bién s doc 1ap duoc t6 hop lai véi nhau. Vi du, tiép tuc sir dung Dix lidu 11 (Huy et al., 2016b), udc
luong md hinh AGB theo bon nhéan t6 DBH, H, WD (khdi lugng thé tich g, g/cm’) va CA (dién tich
tan 14, m?) (Huy et al., 2016b) theo dang ham power c6 t6 hop bién duoc logarit héa nhu sau:

AGB = b,x(DBH’xHxWD)"' xCA”x¢, logarit héa: log(AGB) = log(b,) + (7.32)
byxlog(DBH’xHXWD ) + byylog(CA) + log(€)

Tién hanh uéc lugng md hinh phi tuyén nhiéu bién, t6 hop bién dugc logarit héa trong chuong
trinh Statgraphics theo phuong phép binh phuong ti thiéu:

Thue hlén Chuo'ng trinh 2 STATGRAPHICS Centurion - Stat Cp Phi tuyen va Mo hinh Phi tuyen AGB.sgp
X . X Eile Edit Define Measure Analyze |mprove Control Forecast SnapStats!! Tools View Window Help
tuyén tinh da bién trong | 'e g  awyssot verance BB EENE 2L (@
. . D. Regression Analysis > One Factor > M EL A ahet] A Rourd
Statgraphlcs' % 5t Experimental Design Creation > Multiple Factors > Multiple-Variable Analysis (Correlations)...
E st Experimental Design Analysis > Attribute Data > Muttiple Regression...
Im TOove / Re ession = B @M&M Life Data > Regression Medel Selection...
p gr StatReporter m:i’:j&:ﬁg}l Nonlinear Regression...
Analysis / Multiple Factors / StatFollo Conmerts Maultiplicative model: Y = 2" Ridge Regresion...
M l . l R . Regression Model Select Coefficients Partial Least Squares...
ultiple Regression .... . —
Trong hép thoal Multiple Regression V X :
Multlple RegI‘CS SiOD nhﬁp 4GB Dependent Variable:
2 < A A A A ' |Cod log(&GEB)
céc bién phy thudc, doc lap, | |os+ |
2 r r H
t6 ho’p blen va lay log | IT[Ln Khoa hoe Independent Variables: |
Tenloai E log(DEH"ZHWD) ‘
WD log(CAl
[Select:)
[\weights:)
v Sort column names | |
oK | Cancel | Delete | Transformn... Help
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Két qua thiét 1dp md hinh phi tuyén nhiéu bién s, t6 hop bién dugc tuyén tinh héa theo ham logarit
va theo phurong phap binh phuong tdi thiéu trong Statgraphics:
Multiple Regression - log(AGB)

Dependent variable: log(AGB)
Independent variables:

log(DBH"2*H*WD)
log(CA)
Standard T

Parameter Estimate Error Statistic P-Value
CONSTANT -2.52301 0.0897843 -28.1008 0.0000
log(DBHA2*H*WD) 0.87591 0.0197746 44.2947 0.0000
log(CA) 0.173596 0.0387972 4.47445 0.0000
Analysis of Variance
Source Sum of Squares Df Mean Square F-Ratio P-Value
Model 445.482 2 222.741 4625.43 0.0000
Residual 5.15266 107  |0.0481557
Total (Corr.) 450.634 109

R-squared = 98.8566 percent

R-squared (adjusted for d.f.) = 98.8352 percent
Standard Error of Est. = 0.219444

Mean absolute error = 0.161622
Durbin-Watson statistic = 1.77542 (P=0.1203)
Lag 1 residual autocorrelation = 0.106494

The StatAdvisor
The output shows the results of fitting a multiple linear regression model to describe the
relationship between log(AGB) and 2 independent variables. The equation of the fitted model is

log(AGB) =-2.52301 + 0.87591*log(DBH"2*H*WD) + 0.173596*log(CA)

Since the P-value in the ANOVA table is less than 0.05, there is a statistically significant
relationship between the variables at the 95.0% confidence level.

The R-Squared statistic indicates that the model as fitted explains 98.8566% of the variability in
log(AGB). The adjusted R-squared statistic, which is more suitable for comparing models with
different numbers of independent variables, is 98.8352%. The standard error of the estimate shows
the standard deviation of the residuals to be 0.219444. This value can be used to construct
prediction limits for new observations by selecting the Reports option from the text menu. The
mean absolute error (MAE) of 0.161622 is the average value of the residuals. The Durbin-Watson
(DW) statistic tests the residuals to determine if there is any significant correlation based on the
order in which they occur in your data file. Since the P-value is greater than 0.05, there is no
indication of serial autocorrelation in the residuals at the 95.0% confidence level.

In determining whether the model can be simplified, notice that the highest P-value on the
independent variables is 0.0000, belonging to log(CA). Since the P-value is less than 0.05, that
term is statistically significant at the 95.0% confidence level. Consequently, you probably don't
want to remove any variables from the model.
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Két qua c6 dugc mo hinh:

log(AGB) = -2.52301 + 0.87591xlog(DBH’xHxWD) + 0.173596xlog(CA)

Véi R%,;. = 98.8352 % va P-Value = 0.0000 < 0.0001 khi kiém tra ton tai ciia R va cdc tham
s6 ciia md hinh.

Hinh 7.16 cho thiy gid tri log(AGB) du bdo bam sét quan sit va sai s duoc chuan héa bién
dong rai déu theo dy dodn va nam hau hét trong pham vi -2 dén +2; tot hon so véi md hinh hai bién
don da thuce hién & phﬁn trén.
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log(AGB) dua doan

a) log(AGB) du doan

Hinh 7.16. M6 hinh log(AGB) = -2.52301 + 0.875,91*Iog(DBH2>,<HxWD) +0.173596*log(CA).
a) Quan sat so voi dy doan; b) Bién dong sai so theo dy doan

7.6.2.2 Thiét 1ap md hinh phi tuyén dwoc tuyén tinh héa theo logarit st dung codes
“Im” trong chwong trinh R

Code "lm” (Chambers, 1992) thuc hién trong R gitip cho viéc udc lugng cdc mo hinh tuyén
tinh hodc duoc tuyén tinh héa tir mot dén nhiéu bién. Chuong trinh nay udc lugng céc tham sd ciia
mb hinh theo phuwong phép binh phuong tdi thiéu. Dong thoi R con cho phép chiing ta rat linh hoat
trong viéc tinh todn cdc chi tiéu thong ké va 1ap cdc do thi dé danh gid, so sinh cic md hinh véi
nhau. Sau ddy gi6i thiéu 1an luot sir dung codes "Im" chay trong R dé wdc lugng cic mé hinh phi
tuyén duoc logarit héa tir mot dén nhiéu bién doc lap hodc to hop bién va tinh todn cdc chi tiéu sai
s6, d6 thi.

Tiép tuc str dung dit litu AGB theo cic nhén té diéu tra (DBH, H, WD va CA) cia 110 cay
ring mau clia rimg 14 rong thudng xanh viing Nam Trung B6 (Dit liéu 11, Huy et al., 2016b), uéc
lwrong md hinh AGB theo mét dén nhiéu nhén t6, t6 hop nhin té dang ham power duoc logarit héa
theo code "Im" trong R.

Tién hanh wéc lwong md hinh phi tuyén power mét bién dugc logarit héa trong chuong trinh
"Im" ctia R theo phwong phép binh phuong tdi thiéu:

AGB = b,xDBH" x & logarit héa: log(AGB) = log(b,) + b;xlog(DBH) + log(¢) (7.33)
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Chuong trinh “Im” trong R 1ap mé hinh logarit: log(AGB) = a + bxlog(DBH)
# Erase memory (X6a bd nho):
rm(list=Is())

# Clean plot window (Xda ctra s6 d6 thi cii)
dev.off()

# Define the working directory (Thu muc)
setwd("E:/1 - Bao Huy 2017/Books All/Textbook for Infomatic Statistic/TextbookDataset
Analysis/Dataset")

# Import data (File dit li¢u)
t_eq <- read.table("Du lieu 11 .txt", header=T,sep="\t",strings AsFactors = FALSE)

# install.packages (Cai dat cac chuong trinh vé& db thi)
library(ggplot2)

library(cowplot)

library(gridExtra)

# MO hinh tuyén tinh logarit héa (Im):

Imt1 <- Im(log(AGB)~log(DBH), data=t_eq)
summary(Ilmt1)

anova(lmt1)

# Outputs of the model

t_eq$lmt1.fit <- fitted.values(Imt1)
t_eq$lmtl.res <- residuals(lmt1)

# Calcul of model coefficients

a <- exp(coefficients(Imt1)[1])

b <- coefficients(Imt1)[2]

a
b
Két qua:
Ccall:
Tm(formula = Tog(AGB) ~ log(DBH), data = t_eq)
Residuals:
Min 1Q Median 3Q Max

-1.07384 -0.13351 -0.00078 0.18722 0.50357

Coefficients:

Estimate Std. Error t value Pr(>|t]|)
(Intercept) -2.23646 0.09721 -23.01 <2e-16 ***
log(DBH) 2.47150 0.03210 77.01 <2e-16 ***

Signif. codes: 0 ‘***’ (0.001 ‘**’ 0.01 ‘*’ 0.05 “.” 0.1 * * 1

Residual standard error: 0.2732 on 108 degrees of freedom
Multiple R-squared: 0.9821, Adjusted R-squared: 0.9819
F-statistic: 5930 on 1 and 108 DF, p-value: < 2.2e-16

> anova(lmtl)
Analysis of variance Table
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Response: 1og(AGB)
Df Sum Sq Mean Sq F value Pr(>F)

Tog (DBH) 1 442.57 442.57 5929.9 < 2.2e-16 ***
Residuals 108 8.06 0.07
Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 “.” 0.1 * * 1
>

# outputs of the model

t_eq$imtl.fit <- fitted.values(Imtl)

t_eq$Imtl.res <- residuals(Imtl)

a <- exp(coefficients(Imtl)[1])
b <- coefficients(Imtl)[2]

a

Intercept)

0.1068359

> b
Tog (DBH)
2.471502

>
>
>
>
> # calcul of model coefficients
>
>
>
(

Két qua trén lap dugc md hinh: AGB = 0.106836xDBH**""** véi cdc tham sb ton tai 1 rét
voi Pr=<2e-16 < 0.0001

Codes tinh cic chi tiéu thong ké, sai so ciia mé hinh: AGB = 0.106836xDBH>*""*"
# Calcul of correction factor: CF = exp(RSE*2/2):

summary(Imt1)$sigma’2

Imt1.CF <- exp(summary(Imt1)$sigma’2/2)

Imt1.CF

# Model back transformed: Y = exp(a)*X"b*CF (Puwa m hinh vé dang nguyén thiy phi tuyén)
# Calcul of fitted values and residuals

t_eq$backtrl.fit <- Imt1.CF * a * t_eq$DBH"b

t_eq$backtrl.res <- t_eq$AGB - t_eq$backtrl fit

# Indicators for validation of the model (Céc chi tiéu thong ké danh gid mo hinh) :

R2 <- 1- sum((t_eq$AGB - t_eg$backtrl.fit)*2)/sum((t_eq$ AGB - mean(t_eq$ AGB))"2)
R2

R2.adjusted <- 1 - (1-R2)*(length(t_eq$DBH)-1)/(length(t_eq$DBH)-3-1)

R2.adjusted

# Calcul of AIC = -2L + 2*p where p is numbers of parametters of model

ML.backtrl <- -1/2*sum(t_eq$backtr1.res"2/var(t_eg$backtrl.res)+log(2*pi)
+log(var(t_eg$backtrl.res)))

AIC.backtrl <- -2*ML.backtr1 +2*2

AIC.backtrl

Bias <- mean(t_eg$backtrl.res)

RMSE <- sqrt(mean((t_eq$backtrl.res)2))

MAPE <- 100*mean(abs(t_eq$backtrl.res)/t_eq$ AGB)
Bias

RMSE

MAPE
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Két qua tinh todn céc chi tidu thong ké ciia md hinh AGB = 0.106836xDBH>*7""

> # Calcul of correction factor: CF = exp(RSEA2/2):
> summary (Tmtl) $sigman2

[1] 0.07463452

> Imtl.CF <- exp(summary(Imtl)$sigmaAr2/2)

> Imtl.CF

[1] 1.038022

# Model back transformed: Y = exp(a)*XAb*CF

# Ccalcul of fitted values and residuals
t_eqg$backtrl.fit <- Imtl.CF * a * t_eq$DBHAb
t_eq$backtrl.res <- t_eq$AGB - t_eq$backtrl.fit

# Indicators for validation of the model

R2 <- 1- sum((t_eq$AGB - t_eq$backtrl.fit)A2)/sum((t_eq$AGB -

mean (t_eq$AGB))A2)

> R2

[1] 0.9353272

> R2.adjusted <- 1 - (1-R2)*(Tength(t_eq$DpBH)-1)/(length(t_eq$DBH)-3-1)
> R2.adjusted

[1] 0.9334968

>

> # Calcul of AIC = -2L + 2*p where p is numbers of parametters of model
> ML.backtrl <- -
1/2*sum(t_eq$backtrl.resA2/var(t_eq$backtrl.res)+log(2*pi)

+ +log(var(t_eq$bhacktrl.res)))

>

> AIC.backtrl <- -2*ML.backtrl +2%2

> AIC.backtrl

[1] 1620.248

VVVVVVVYV

>

> Bias <- mean(t_eq$backtrl.res)

> RMSE <- sqrt(mean((t_eq$backtrl.res)A2))

> MAPE <- 100*mean(abs(t_eq$backtrl.res)/t_eq$AGB)
>

> Bias

[1] 5.553353

> RMSE

[1] 375.2613

> MAPE

[1] 22.61417

Két qua trén chi ra cdc chi tiéu théng ké cua md hinh: AGB = 0.106836xDBH>*7""

CF = 1.038. CF gan bang 1 cho thdy mé hinh dugc uéc lugng kha tot
R’ .gustea = 0.9334968 va ton tai voi Pr = 2.2e-16 ; AIC = 1620.2
Céc sai s6: Bias = 5.55 kg ; RMSE = 375.3 kg va MAPE = 22.6%

Codes vé cac do thi ciia md hinh: AGB = 0.106836xDBH>*""*"*

# Observated and Predicted Values: (D0 thi quan h¢ gitra gia tri quan sat va dy doan :

pl <- ggplot(t_eq, aes(x=t_eq$backtrl.fit , y=AGB))

pl <- pl + geom_point(cex=2)

pl <- pl + geom_abline(cex = 1.5, intercept = 0, slope = 1, col="black")

pl <- pl + xlab("Dy doan AGB (kg)") + ylab("Quan sit AGB (kg)") + theme_bw()+
theme_bw()

pl =pl + theme(axis.title.y = element_text(size = rel(1.5)))

pl =pl + theme(axis.title.x = element_text(size = rel(1.5)))
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pl <- pl + theme(plot.title = element_text(size = rel(1.7)))

pl =pl + theme(axis.text.x = element_text(size=15))

pl =pl + theme(axis.text.y = element_text(size=15))

pl

# Resuduals and Predicted value (Dé thi quan h¢ giira sai s6 voeis du doan) :
p2 <- ggplot(t_eq, aes(x=t_eq$backtrl.fit, y=t_eq$backtrl.res ))

p2 <- p2 + geom_point(cex = 2)

p2 <- p2 + geom_line(cex = 1.5, aes(x=t_eq$backtrl.fit, y=0))

p2 <- p2 + xlab("Dy doan AGB (kg)") + ylab("Sai ) (kg)") + theme_bw()+ theme_bw()
p2 = p2 + theme(axis.title.y = element_text(size = rel(1.5)))

p2 = p2 + theme(axis.title.x = element_text(size = rel(1.5)))

p2 <- p2 + theme(plot.title = element_text(size = rel(1.7)))

p2 = p2 + theme(axis.text.x = element_text(size=15))

p2 = p2 + theme(axis.text.y = element_text(size=15))

p2

plot_grid(p1, p2, ncol = 2)

7500
S 1000
= « * °
o —_
Q 5000 g N I
— ~Q ol . * -
g ; 0 Q Sy » . .
g @ L
& 2500 .
-1000 .
0 . .
0 2000 4000 6000 0 2000 4000 6000
a) Duw doan AGB (kg) b) Dw doan AGB (kg)

Hinh 7.17. M6 hinh: AGB = 0.106836xDBH**""*®. a) Quan hé gitta AGB quan sét va dv doan;
b) Bién ddng sai so theo gia tri AGB dy doan qua mé hinh

Két qua & Hinh 7.17 cho thay gi4 tri du dodn va quan sat khd bam sat nhau, tuy nhién, mo
hinh mot bién s6 DBH ¢ sai s rong va phén tan khi gid tri du dodn 16n (hay DBH ting). Diéu nay
¢6 thé dugc cai thién néu 4p dung m hinh c6 trong s6 (giGi thidu ¢ phan tiép theo ciia gido trinh).

Dé nang cao d9 tin cay ctia woc lugng AGB, tiép tuc thir nghiém tién hanh udc lwgng md hinh
phi tuyén power md rong gom hai bién DBH va H dugc logarit héa trong chuong trinh "lm" ctia R
theo phurong phap binh phuong tdi thiéu:

AGB = b,xDBH" xH"x ¢, logarit héa: log(AGB) = log(b,) + b;xlog(DBH) (7.34)
+by,xlog(H) + log(&)

Codes l1ap md hinh tuyén tinh héa logarit nhiéu bién: log(AGB) = log(b,) + b;xlog(DBH)
+h,xlog(H)

Imt1 <- Im(log(AGB)~log(DBH)+log(H), data=t_eq)

summary(Ilmt1)

anova(lmt1)
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# Outputs of the model (Tinh todn sai s0 va dy dodn)

t_eq$lmt1.fit <- fitted.values(Imt1)

t_eq$lmtl.res <- residuals(lmt1)

# Calcul of model coefficients (Tinh todn cdc tham s6 clia md hinh)
a <- exp(coefficients(Imt1)[1])

b <- coefficients(Imt1)[2]

¢ <- coefficients(Imt1)[3]

a

b

G

Két qua tinh toin mo hinh:

> Imtl <- Im(log(AGB)~log(DBH)+log(H), data=t_eq)
> summary(Imtl)

call:
Tm(formula = Tog(AGB) ~ log(DBH) + log(H), data = t_eq)
Residuals:

Min 1Q Median 3Q Max

-1.04288 -0.13952 0.01563 0.18718 0.48347

Coefficients:
Estimate Std. Error t value Pr(>|t]|)

(Intercept) -2.85846 0.16361 -17.47 < 2e-16 ***

log (DBH) 2.14010 0.07875 27.18 < 2e-16 ***
Tog(H) 0.57932 0.12761 4.54 1.48e-05 *¥¥*
Signif. codes: 0 “¥**’ 0.001 ‘**’ 0.01 ‘*’ 0.05 °

.7 0.1°¢

Residual standard error: 0.2513 on 107 degrees of freedom

Multiple R-squared: 0.985, Adjusted R-squared:

0.9847

F-statistic: 3514 on 2 and 107 DF, p-value: < 2.2e-16

> anova(lmtl)
Analysis of variance Table

Response: 10%(AGB)
D

Sum Sg Mean Sq F value Pr(>F)
Tog (DBH) 1 442.57 442.57 7006.553 < 2.2e-16 ***
Tog(H) 1 1.30 1.30 20.609 1.482e-05 *=*=*
Residuals 107 6.76 0.06
Signif. codes: 0 “***’ (0.001 ‘**’ 0.01 ‘*’ 0.05 °.
>

# outputs of the model
t_eqfimtl.fit <- fitted.values(Imtl)
t_eq$Imtl.res <- residuals(Imtl)

>
>
>
>
> # Calcul of model coefficients
> a <- exp(coefficients(Imtl)[1])
> b <- coefficients(Imtl)[2]
> ¢ <- coefficients(Imtl) [3]
> a

(Intercept)

0.05735691

> b

Tog (DBH)

2.140101
> C

log(H)

0.5793182

0.1 ¢

1

1
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Lap dugc md hinh: AGB = 0.057356xDBH>*"'xH**"*!® y4i cdc tham s6 va R* ton tai ro rét
voi Pr < 0.0001

Codes tinh toan cic chi tiéu thong ké ciia mé hinh: AGB = 0.057356xDBH>'*"" xH">7>"®
# Model back transformed: Y = exp(a)*X"b*CF

# Calcul of correction factor: CF = exp(RSE*2/2): Tinh CF

summary(Imt1)$sigma’2

Imt1.CF <- exp(summary(Imt1)$sigma’2/2)

Imt1.CF

# Calcul of fitted values and residuals (Tinh sai s6 va du doan)
t_eq$backtrl.fit <- Imt1.CF * a * t_eq$DBH”b*t_eq$H"c
t_eq$backtrl.res <- t_eq$AGB - t_eq$backtrl fit

# Indicators for validation of the model (Cac chi tiéu théng ké)
R2 <- 1- sum((t_eq$AGB - t_eg$backtrl.fit)*2)/sum((t_eq$ AGB - mean(t_eq$ AGB))"2)
R2

R2.adjusted <- 1 - (1-R2)*(length(t_eq$DBH)-1)/(length(t_eq$DBH)-4-1)
R2.adjusted

# Calcul of AIC = -2L + 2*p where p is numbers of parametters of model
ML.backtrl <- -1/2*sum(t_eq$backtr1.res"2/var(t_eg$backtrl.res)+log(2*pi)
+log(var(t_eg$backtrl.res)))

AIC.backtrl <- -2*ML.backtrl +2*3
AIC.backtrl

Bias <- mean(t_eg$backtrl.res)
RMSE <- sqgrt(mean((t_eq$backtrl.res)2))
MAPE <- 100*mean(abs(t_eq$backtrl.res)/t_eq$ AGB)

Bias
RMSE
MAPE

Két qua c6 céc chi tiéu thdng ké cia md hinh: AGB = 0.057356xDBH> 10! x> 79318

> # Model back transformed: Y = exp(a)*XAb*CF

> # Calcul of correction factor: CF = exp(RSEA2/2):
> summary (Tmtl) $sigman2

[1] 0.0631657

> Imtl.CF <- exp(summary(Imtl)$sigmaAr2/2)

> Tmtl.CF
[1] 1.032087
>

> # Calcul of fitted values and residuals
> t_eqg$backtrl.fit <- ITmtl.CF * a * t_eq$DBHAb*t_eq$HAC
> t_eq$backtrl.res <- t_eq$AGB - t_eq$backtrl.fit
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>

> # Indicators for validation of the model

> R2 <- 1- sum((t_eq$AGB - t_eq$backtrl.fit)A2)/sum((t_eq$AGB -

mean (t_eq$AGB))A2)

> R2

[1] 0.9420377

>

> R2.adjusted <- 1 - (1-R2)*(Tength(t_eq$DpBH)-1)/(length(t_eq$DBH)-4-1)
> R2.adjusted

[1] 0.9398296

>

> # Calcul of AIC = -2L + 2*p where p is numbers of parametters of model
> ML.backtrl <- -
1/2*sum(t_eq$backtrl.resA2/var(t_eq$backtrl.res)+log(2*pi)

+ +log(var(t_eq$bhacktrl.res)))

>

> AIC.backtrl <- -2*ML.backtrl +2%3

> AIC.backtrl

[1] 1610.195

>
> Bias <- mean(t_eq$backtrl.res)

> RMSE <- sqrt(mean((t_eq$backtrl.res)A2))

> MAPE <- 100*mean(abs(t_eq$backtrl.res)/t_eq$AGB)
>

> Bias

[1] 18.01414

> RMSE

[1] 355.2594

> MAPE

[1] 20.93618

R’ = 0.939829; CF = 1.032; AIC = 1610.2
Céc sai s6: Bias = 18.0 kg; RMSE = 355.3 kg va MAPE = 20.9%

Codes vé cdc do thi ciia mé hinh: AGB = 0.057356xDBH>!*"1" xg'>718

# Observated and Predicted Values:

pl <- ggplot(t_eq, aes(x=t_eq$backtrl.fit , y=AGB))

pl <- pl + geom_point(cex=2)

pl <- pl + geom_abline(cex = 1.5, intercept = 0, slope = 1, col="black")

pl <- pl + xlab("Dy dodn AGB (kg)") + ylab("Quan sat AGB (kg)") + theme_bw()+
theme_bw()

pl = pl + theme(axis.title.y = element_text(size = rel(1.5)))

pl = pl + theme(axis.title.x = element_text(size = rel(1.5)))

pl <- pl + theme(plot.title = element_text(size = rel(1.7)))

pl = pl + theme(axis.text.x = element_text(size=15))

pl = pl + theme(axis.text.y = element_text(size=15))

pl

# Resuduals and Predicted value

p2 <- ggplot(t_eq, aes(x=t_eq$backtrl.fit, y=t_eq$backtrl.res ))

p2 <- p2 + geom_point(cex = 2)

p2 <- p2 + geom_line(cex = 1.5, aes(x=t_eq$backtrl.fit, y=0))

p2 <- p2 + xlab("Du dodan AGB (kg)") + ylab("Sai sO (kg)") + theme_bw()+ theme_bw()
p2 = p2 + theme(axis.title.y = element_text(size = rel(1.5)))
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p2 = p2 + theme(axis.title.x = element_text(size = rel(1.5)))
p2 <- p2 + theme(plot.title = element_text(size = rel(1.7)))
p2 = p2 + theme(axis.text.x = element_text(size=15))

p2 = p2 + theme(axis.text.y = element_text(size=15))

p2

plot_grid(p1, p2, ncol = 2)
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Hinh 7.18. M6 hinh: AGB = 0.057356xDBH>"**"*'xH**"%'® ) Quan hé gitra AGB quan sat va dw doan;
b) Bién ddng sai so theo gia tri AGB dy doan qua mé hinh

Két qua trén d6 thi cho thiy, khi ting thém mot bién s6 H, md hinh udc tinh AGB bam st
hon gid tri quan st trén dudng chéo (trdi) va bién dong sai s6 c6 gidm, tuy nhién, ciing rat phan tin
khi AGB 16n vi mé hinh thiéu trong sé.

Tiép tuc thir nghiém tién hanh wdc lugng mo hinh phi tuyén power mé rong gom bdn bién
DBH, H, WD va CA, trong d6 ba bién DBH, H va WD tao thanh mét t6 hop bién dai dién cho
AGB (DBHZHWD = (DBH/ 100)2XHXWDX1000 kg) va duoc logarit héa trong chuong trinh "Im"
ctia R theo phuong phép binh phuong téi thiéu:

AGB = b,x(DBH’HWD)" xCA”x¢g logarit héa: log(AGB) = log(b,) + (7.35)
b;xlog(DBH’HWD ) +b,xlog(CA) + log(¢)

Codes Im thiét 1ap mé hinh logarit héa mé hinh da bién/t6 hop bién log(AGB) = log(b,) +
b;xlog(DBH2HWD ) +b,xlog(CA)

# Combination of variable: DBH2HWD approximation of AGB (Tao t6 hop bién) :
t_eq$DBH2HWD = (t_eq$DBH/100)"2*t_eq$H*t_eq$WD*1000

# Code Im (Lap mo hinh) :

Imt1 <- Im(log(AGB)~log(DBH2HWD)+log(CA), data=t_eq)

summary(Ilmt1)

anova(lmt1)

# Outputs of the model (Tinh duy doan va sai s6 mod hinh):

t_eq$lmt1.fit <- fitted.values(Imt1)

t_eq$lmtl.res <- residuals(lmt1)

# Calcul of model coefficients (Tinh c4dc tham s6 md hinh):
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a <- exp(coefficients(Imt1)[1])
b <- coefficients(Imt1)[2]

¢ <- coefficients(Imt1)[3]

a

b
C

Két qua thu dugc mé hinh trong R
> # Combination of variable: DBH2HWD approximation of AGB
> t_eq$DBH2HWD = (t_eq$DBH/100)A2*t_eq$H*t_eq$wD*1000
>
> Tmtl <- Im(l1og(AGB)~1og(DBH2HWD)+1og(CA), data=t_eq)
> summary(Imtl)
call:
Tm(formula = Tog(AGB) ~ log(DBH2HWD) + log(CA), data = t_eq)
Residuals:

Min 1Q Median 3Q Max

-0.94397 -0.09699 0.02360 0.14820 0.49285

Coefficients:

Estimate Std. Error t value Pr(>|t]|)
(Intercept) -0.50521 0.06068 -8.325 3.0le-13 ***
Tog(DBH2HWD) 0.87581 0.01976 44.334 < 2e-16 ***
Tog(cA) 0.17352 0.03869 4.485 1.84e-05 ***

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 “.” 0.1 * * 1

Residual standard error: 0.2194 on 107 degrees of freedom
Multiple R-squared: 0.9886, Adjusted R-squared: 0.9884
F-statistic: 4629 on 2 and 107 DF, p-value: < 2.2e-16

> anova(lmtl)
Analysis of variance Table

Response: 1og(AGB)
Df Sum Sq Mean Sq F value Pr(>F)
log(DBH2HWD) 1 444.52 444.52 9237.988 < 2.2e-16 ***

Tog(CA) 1 0.97 0.97 20.119 1.837e-05 ***
Residuals 107 5.15 0.05

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 “.” 0.1 * * 1
>

# outputs of the model
t_eq$imtl.fit <- fitted.values(Imtl)
t_eq$Imtl.res <- residuals(Imtl)

>
>
>
>
> # Calcul of model coefficients
> a <- exp(coefficients(Imtl)[1])
> b <- coefficients(Imtl)[2]
> ¢ <- coefficients(Imtl) [3]
> a
(Intercept)

8 6033778
og(DBHZHWD)

0.8758139

C
Tog(CA)
173

>
0. 5203

138



Mo hinh udc luong: AGB = 0.603378x(DBH*HWD) ¥ 7**xCA*"¥% y4i cdc tham sb va R?
ton tai ro rét véi Pr < 0.0001

Codes tinh toan céc chi tiéu thong ké ciia mé hinh:

AGB = 0.603378x(DBH’HWD)"*"*"xCA*'7**

# Model back transformed: Y = exp(a)*X"b*CF

# Calcul of correction factor: CF = exp(RSE*2/2): (Tinh CF)
summary(Imt1)$sigma’2

Imt1.CF <- exp(summary(Imt1)$sigma’2/2)

Imt1.CF

# Calcul of fitted values and residuals (Tinh gia tri dy bdo va sai sé)
t_eq$backtrl.fit <- Imt1.CF * a * t_eq$DBH2HWD"b*t_eq$CA”c
t_eq$backtrl.res <- t_eq$AGB - t_eq$backtrl fit

# Indicators for validation of the model (Tinh c4c chi tiéu théng ké, sai sé)
R2 <- 1- sum((t_eq$AGB - t_eg$backtrl.fit)*2)/sum((t_eq$ AGB - mean(t_eq$ AGB))"2)
R2

R2.adjusted <- 1 - (1-R2)*(length(t_eq$DBH)-1)/(length(t_eq$DBH)-4-1)
R2.adjusted

# Calcul of AIC = -2L + 2*p where p is numbers of parametters of model
ML.backtrl <- -1/2*sum(t_eq$backtr1.res"2/var(t_eg$backtrl.res)+log(2*pi)
+log(var(t_eg$backtrl.res)))

AIC.backtrl <- -2*ML.backtrl +2*3
AIC.backtrl

Bias <- mean(t_eg$backtrl.res)
RMSE <- sqgrt(mean((t_eq$backtrl.res)2))
MAPE <- 100*mean(abs(t_eq$backtrl.res)/t_eq$ AGB)

Bias
RMSE
MAPE

Két qua thu dugc céc chi tiéu thong ké tir R:

> # Model back transformed: Y = exp(a)*XAb*CF

> # Calcul of correction factor: CF = exp(RSEA2/2):
> summary (Tmtl) $sigman2

[1] 0.04811844

> Imtl.CF <- exp(summary(Imtl)$sigmaAr2/2)

> Imtl.CF
[1] 1.024351
>

> # Calcul of fitted values and residuals
> t_eq$backtrl.fit <- Tmtl.CF * a * t_eq$DBH2HWDAb*t_eq$CAAC
> t_eq$backtrl.res <- t_eq$AGB - t_eq$backtrl.fit
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>

> # Indicators for validation of the model

> R2 <- 1- sum((t_eq$AGB - t_eq$backtrl.fit)A2)/sum((t_eq$AGB -

mean (t_eq$AGB))A2)

> R2

[1] 0.961727

>

> R2.adjusted <- 1 - (1-R2)*(Tength(t_eq$DpBH)-1)/(length(t_eq$DBH)-4-1)
> R2.adjusted

[1] 0.9602689

>

> # Calcul of AIC = -2L + 2*p where p is numbers of parametters of model
> ML.backtrl <- -
1/2*sum(t_eq$backtrl.resA2/var(t_eq$backtrl.res)+log(2*pi)

+ +log(var(t_eq$bhacktrl.res)))

>

> AIC.backtrl <- -2*ML.backtrl +2%3

> AIC.backtrl

[1] 1564.542

>

> Bias <- mean(t_eq$backtrl.res)

> RMSE <- sqrt(mean((t_eq$backtrl.res)A2))

> MAPE <- 100*mean(abs(t_eq$backtrl.res)/t_eq$AGB)
>

> Bias

[1] 3.226089

> RMSE

[1] 288.6817

> MAPE

[1] 17.26489

Két qua md hinh: AGB = 0.603378x(DBH’HWD)™*7**"*xCA*"*? ¢6 cdc chi tiéu thong ké,
sai s6 nhu sau :

CF = 1.024; R%,4; = 0.960269; AIC = 1564.5
Céc sai s6: Bias = 3.2 kg; RMSE = 288.7 kg va MAPE = 17.3%

Codes vé do thi ciia mé hinh AGB = 0.603378x(DBH*HWD)"*"#14x CA 173520
# Observated and Predicted Values:

pl <- ggplot(t_eq, aes(x=t_eq$backtrl.fit , y=AGB))

pl <- pl + geom_point(cex=2)

pl <- pl + geom_abline(cex = 1.5, intercept = 0, slope = 1, col="black")

pl <- pl + xlab("Dy doan AGB (kg)") + ylab("Quan sit AGB (kg)") + theme_bw()+
theme_bw()

pl =pl + theme(axis.title.y = element_text(size = rel(1.5)))

pl =pl + theme(axis.title.x = element_text(size = rel(1.5)))

pl <- pl + theme(plot.title = element_text(size = rel(1.7)))

pl =pl + theme(axis.text.x = element_text(size=15))

pl =pl + theme(axis.text.y = element_text(size=15))

pl

# Resuduals and Predicted value

p2 <- ggplot(t_eq, aes(x=t_eq$backtrl.fit, y=t_eq$backtrl.res ))

p2 <- p2 + geom_point(cex = 2)

p2 <- p2 + geom_line(cex = 1.5, aes(x=t_eq$backtrl.fit, y=0))

p2 <- p2 + xlab("Dy doan AGB (kg)") + ylab("Sai ) (kg)") + theme_bw()+ theme_bw()
p2 = p2 + theme(axis.title.y = element_text(size = rel(1.5)))

p2 = p2 + theme(axis.title.x = element_text(size = rel(1.5)))

p2 <- p2 + theme(plot.title = element_text(size = rel(1.7)))
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p2

plot_grid(p1, p2, ncol = 2)

p2 = p2 + theme(axis.text.x = element_text(size=15))
p2 = p2 + theme(axis.text.y = element_text(size=15))
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Hinh 7.19. M6 hinh: AGB = 0.603378x(DBH2HWD)"®**'*xCA*'"***°_a) Quan hé gitta AGB quan sét va dy
doén. b) Bien dong sai so theo gié tri AGB dw doan qua md hinh

Tir d6 thi trén cho thdy mé hinh wdc tinh AGB vé6i bén bién sé DBH, H, WD va CA c6 gi4 tri
du dodn bam sit quan sat; tuy nhién, véi mé hinh khong c6 trong sd thi sai s6 van bién dong manh
khi AGB ting 1én. Vi vay, can sir dung m6 hinh c6 trong so.

Thir so sanh d¢ tin cdy sai s0 cia ba md hinh uwdc tinh AGB c¢6 bien s6 dau vao khac nhau &

Bang 7.3.

Bang 7.3. So sanh d6 tin cay, sai s6 clia cac mé hinh wéc tinh AGB véi bién sb dau vao khéac nhau dang
tuyén tinh hoa logarit wéc lwong theo chwong trinh Im trong R

Chi tiéu théng ké | log(AGB = log(a) | log(AGB) = log(a) + | log(AGB) = log(a) +

so sanh +bxlog(DBH) bxlog(DBH) + bxlog(DBHzHWD) +
cxlog(H) cxlog(CA)

Rzadj 0.933496 0.939829 0.960269

CF 1.038 1.032 1.024

AIC 1620.2 1610.2 1564.5

Bias (kg) 5.6 18.0 3.2

RMSE (kg) 375.3 355.3 288.7

MAPE (%) 22.6 20.9 17.3

Két qua trén cho thay, khi gia ting s6 bién s6 ddu vao tir mot bién DBH 1én hai bién (thém H)
va bén bién (DBH, H, WD, CA) thi mé hinh c¢6 d6 tin ciy cang cao va sai sé giam. M hinh tdt
nhat c6 bbn bién s6 dau vao & dang to hop bién vdi R%,; cao nhat, CF bé nhét va gan bang 1, AIC
bé nhét, cic sai s6 Bias, RMSE, MAPE bé nhit. Str dung mo hinh 4 bién s giam sai s6 twong dbi
MAPE 5% so véi mé hinh mét bién sb.
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7.5.3 Uéc lwong mé hinh theo phwong phap phi tuyén tinh

Ngoai viéc udc lwgng cdc md hinh phi tuyén tinh bang cach tuyén tinh héa mé hinh theo ham
logarit va dp dung phurong phap binh phuong tdi thiéu, thi ¢6 hang loat cic phuong phip wdc lugng
tryc tiép md hinh phi tuyén tinh ma khong phai tuyén tinh héa nhu la phuong phap phi tuyén
Marquardt (StatPoint-Inc., 2005), phi tuyén binh phuong tdi thiéu (chuong trinh “nls” trong R:
Nonlinear Least Squares) (Bates va Watts, 1988), phi tuyén anh huéng phirc hop hop 1y tbi da
(chuong trinh “nlme” trong R: Nonlinear Mixed-Effects - Maximum Likelihood) (Davidian va
Giltinan, 1995; Pinheiro et al., 2014). C4c phuong phép phi tuyén wdc lugng tryc tiép cic tham sb
md hinh ma khong phai théng qua ham trung gian dé tuyén tinh héa, do d6, vé mit nguyén tic
chung né da lam giam dugc sai s udc lwong trung gian, cu thé I1a khong can sir dung hé sb dicu
chinh CF nhu mé hinh tuyén tinh héa, do d6, ting d¢ tin cdy clia mo hinh; ngoai ra con c6 k¥ thuat
trong s6 dé giam bién dong sai s6 ctia mo hinh khi udc lugng bang phurong phap phi tuyén tinh.

Sau day lan luot gidi thiéu cdc phuong phip wdc lwong cic ham phi tuyén khac nhau va cich
thirc d4nh gid dé lwa chon phuong phap thich hop trong ting truong hop cu thé.

7.5.3.1 Phuwong phap phi tuyén tinh Marquardt

Phuong phdp phi tuyén Marquardt (StatPoint-Inc., 2005) uéc lugng tryc tiép céc tham s6 cua
mb hinh phi tuyén voi théng tin dau vao 1a cdc tham sé khéi dau ctia mo hinh. Phuong phip nay
dugc 4p dung thuan loi trong phan mém Statgraphics.

D¢ gidi thiéu phuong phap nay, sir dung Dit liéu 12 ctia Bao Huy va Pao Cong Khanh (2008)
trong 1ap biéu san lwong rimg trong tram trang (Canarium album Raeusch) tai cdc tinh Lang Son,
Bic Giang, Quang Ninh. C6 73 14m phan tram trang dugc thu thap dit liéu sinh trudng cua ciy binh
quéan 1am phan nhu chiéu cao binh quén tang troi (H,, m) (1a chiéu cao binh quén ciia 20% ciy cao
nhét trén 0.1 ha rimg), duong kinh binh quéin (Dbg, cm), chiéu cao binh quéin (Hbg, m), thé tich
binh quéan (V, m®). B¢ phan cp ning suat rimg trong tram tring da lap mo hinh sinh truong H/A
theo ham Schumacher:

_ 7.36
Ho = box exp(— byxA™) + ¢ (7.36)
Tién hanh thiét 14p mo hinh trén theo Marquardt trong phan mém Statgraphics nhu sau:
Tim tham Sé délll VEIO ChO m6 I 22 STATGRAPHICS Centurion - Stat NonLinear Tram trang Ho-A.sgp
File Edit Define Measure Analyze Improve Control Forecast SpapStats!! Tools View Window Help
hinh Schumacher: @ B Anslysis of Variance B EE N 9242 @
Dosp  Begression Analysis > One Factor > PEL 4 il M Bl
C’ th z b b R A Si;A( Experimental Design Creation > Multiple Factors > M wl = Analysis (C . |
ac tham SO by, b; va m can Experimental Design Analysis > Attribute Data > Multiple Regression...
d L d. h , hA :::z;pn;ls %4%"5 le Rebjrejs Life Data > Regression Model Selection...
f ependant variable: log s
uiqc\ X4ac 1n. tfu?orc thong qua | fore= ek P
mo hinh logarit hoa: Horkres Foromin-He | T Bl LestSares..

log(H,) = log(b,) — bjxA™

Lap mo hinh tuyén tinh héa
theo phuong phap binh phuong
t6i thiéu trong Statgraphics:

Improve/ Regression
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Analysis/  Multiple Factors /
Multiple Regression

Nhép céc bién so:

. | A Dependent Variable:
Dependent Variable: | | 5 E] ol
| |Dia phuong
log(Ho) [ |He
| Do Independent Yariables:
. B | [N A~015
Indepedent Variables: A™ | ne

Stop
st

z o A W
Trong d6 thir nghiém thay m | | |ve
tr 0.1 — 2.0, dé chon m toi vu khi
md hinh ¢6 R? max va cdc sai sd e
mo hinh bé nhét. |
‘. | [Weights:]
Trong vi du nay m t6i vu la | T \
0.15 |

0K

Cancel I Delete [ Transform... Help

Két qua md hinh Schumacher dang logarit:

Multiple Regression - log(Ho)
Dependent variable: log(Ho)
Independent variables:

AN-0.15
Standard T

Parameter Estimate Error Statistic P-Value
CONSTANT 6.75039 0.499005 13.5277 0.0000
AN-0.15 -6.65422 0.668616 -9.95224 0.0000
Analysis of Variance
Source Sum of Squares Df  |Mean Square F-Ratio P-Value
Model 4.54562 1 4.54562 99.05 0.0000
Residual 2.98308 65 0.0458935
Total (Corr.) 7.5287 66

R-squared = 60.3772 percent

R-squared (adjusted for d.f.) = 59.7676 percent
Standard Error of Est. = 0.214228

Mean absolute error = 0.176139
Durbin-Watson statistic = 1.87811 (P=0.2824)
Lag 1 residual autocorrelation = 0.0394685

The StatAdvisor
The output shows the results of fitting a multiple linear regression model to describe the
relationship between log(Ho) and 1 independent variables. The equation of the fitted model is

log(H,) = 6.75039 - 6.65422*A"-0.15
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Nhu vay tham s0 ban dau cua mo hinh sé€ la:

b,=exp(6.75) = 854 ; b; =6.65 va m = 0.15

Str dung céc tham sé dau vao dé tiép tuc udc lwong md hinh Schumacher theo phuong phép
phi tuyén tinh Marquardt nhu sau:

Thiét 14p md hinh phi

22 STATGRAPHICS Centurion - Stat NonLinear Tram trang Ho-A sgp

File Edit Define Measure Analyze |mprove Control Forecast SpapStats! Tools View Window Help

tuyén Schumacher theo |8z @  snsysicof varisnce  BYBLFEERSL 242 @
Marquardt trong Statgraphics: | | oumuoemceien  +  Mtmerdsn 5 ot o s oo
Improve / Regression Analysis | } ** — “’C— b 5| Mg e gietion.
/ Multiple Factors / Nonlinear | | sirsocomen: lm 15556 Tawe—Trest g
Re gI'CSSi on .. Norlinear Regression -Ho Il 4y yhveis of Varianee Partial Least Squares...
Trong hop thoai
Nonlinear Regression nhap Ews DEPE"T,:';VMHE
bién sb phu thudc va dang mé Eza”"““”g Function
hinh Schumacher: EDGD PRy
No
Dependent variable: H, g:fp
Vs
Function:  b,*exp(-b1* D
A"—m) tls]
(Select)
NI
v Sort column names
oK Cancel | Delete | Transfom... | Hebp |
Trong hQp thoai wdc tinh | nital Parameter Estimates x
tham s6 khéi dau: (Initial | =
. [es4 |
Parameter Estimates), nhap o s
cic cac gia tri tham $6 bym b, 3] | =)
va m tim dwgc tr mO hinh |m: I
015

logarit & phan trén

Két qua wdc luong ham Schumacher Hy/A theo phwong phdp phi tuyén Marquardt trong

Statgraphics nhu sau:

I I

Nonlinear Regression - H,
Dependent variable: H,
Independent variables:

A

Function to be estimated: b,*exp(-b;*A*-m)

Initial parameter estimates:
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bo = 854.0
bl =6.65
m=0.15

Estimation method: Marquardt
Estimation stopped due to convergence of residual sum of squares.
Number of iterations: 5

Number of function calls: 25

Estimation Results

Asymptotic 95.0%

Asymptotic Confidence Interval
Parameter Estimate Standard Error Lower Upper
bo 913.185 24003.5 -47039.5 48865.8
bl 6.73639 26.222 -45.6481 59.1209
m 0.151546 0.789574 -1.42581 1.7289
Analysis of Variance
Source Sum of Squares Df Mean Square
Model 2840.22 3 946.739
Residual 122.83 64 1.91921
Total 2963.05 67
Total (Corr.) 279.064 66
R-Squared = 55.9852 percent
R-Squared (adjusted for d.f.) = 54.6097 percent
Standard Error of Est. = 1.38536
Mean absolute error = 1.10229
Durbin-Watson statistic = 1.7863
Lag 1 residual autocorrelation = 0.0814487
Residual Analysis

Estimation Validation

n 67
MSE 1.91921
MAE 1.10229
MAPE 18.2573
ME 0.00420461
MPE -4.3777
The StatAdvisor

The output shows the results of fitting a nonlinear regression model to describe the relationship
between H, and 1 independent variables. The equation of the fitted model is

H, = 913.185%exp(-6.73639*A"-0.151546)

In performing the fit, the estimation process terminated successully after 5 iterations, at which point
the estimated coefficients appeared to converge to the current estimates.

The R-Squared statistic indicates that the model as fitted explains 55.9852% of the variability in
Ho. The adjusted R-Squared statistic, which is more suitable for comparing models with different
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numbers of independent variables, is 54.6097%. The standard error of the estimate shows the
standard deviation of the residuals to be 1.38536. This value can be used to construct prediction
limits for new observations by selecting the Forecasts option from the text menu. The mean
absolute error (MAE) of 1.10229 is the average value of the residuals. The Durbin-Watson (DW)
statistic tests the residuals to determine if there is any significant correlation based on the order in
which they occur in your data file.

The output also shows aymptotic 95.0% confidence intervals for each of the unknown parameters.
These intervals are approximate and most accurate for large sample sizes. You can determine
whether or not an estimate is statistically significant by examining each interval to see whether it
contains the value 0. Intervals covering O correspond to coefficients which may well be removed
form the model without hurting the fit substantially.

Két qua:
H, = 913.185%exp(-6.73639*A"-0.151546)

Véi R%, = 54.6097%; mét s6 sai s6 chinh Bias (ME — Mean eror) = 0.004m; MAE = 1.10m
va MAPE = 18.26%.

Phuorng phdp Marquardt uéc luorng tryc tiép md hinh tir gid tri quan sat, khong bi thay d6i nhur
logarit d¢ ap dung phuong phép tuyen tinh, vi vy mo hinh uéc luorng bam sat hon gid tri quan sat
thyc va cho sai s6 bé hon; cho dii R? ctia phuong phép phi tuyén c6 thé bé hon mé hinh lap theo
phuong phép tuyén tinh, van dé lya chon phwong phip wdc lugng mé hinh s& dugc trinh bay &
phén sau ctia gido trinh nay.

12F T T T = 25F ry -
L F . . :
E : % ]
10» © 151 [] . ¢ : ]
L o L J
[ = L . . ] ]
8 § osf .3 0t :
— L 3 L A ] L
E 4t 5 . N : v
o 8 o -05t+ =
= z ; « b 3 : ¢ ]
4 ; ' ]
[ @ st ] e E
2: i . ]
L -25F, ) . . , ) =
oL, 1 1 1 ] 0 2 4 6 8 10 12
3 5 7 9 11 b) Du doan Ho (m)

a) A (Nam)

Hinh 7.20. M6 hinh H, = 913.185%exp(-6.73639*A"-0.151546). a) M6 hinh theo gia tri quan sét;
b) bién déng sai s6 theo dy doan Ho.

Hinh 7.20 cho thiy mé hinh wéc lugng di qua trung tAm gi tri quan sét (trdi), tuy nhién, sai s6
¢6 sy phan hoéa cao khi gid tri dy dodn tang 1€n (A tang 1én) (b). Diéu nay cho théy mo hinh c6 sai
56 16m & cdc tudi cao, do d6 can c6 giai phdp cai thién sai s cia md hinh thong qua sir dung trong
s6 theo bién s& A: Weight = 1/A* véi a bién dong tir -20 dén +20 (Picarrd et al. 2012). Lap md hinh
c6 trong s6 s& duoc trinh bay & phan tiép theo ctia gido trinh nay.

7.5.3.2 Phuwong phap phi tuyén binh phwong téi thiéu (Code nls trong R)

Phuong phap phi tuyén tinh binh phuong tdi thiéu (nls - Nonlinear Least Squares) wéc luong
tryc tiép cdc tham s6 ctia mo hinh phi tuyén véi théng tin dau vao 1a cdc tham s6 khoi dau ctia mo
hinh. Phwong phép nay duoc dp dung thuan loi trong phan mém mi ngudn ma R theo chuong trinh
nls (Bates et al., 1988).
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Str dung Dir liéu 12 ctia Bao Huy va Pao Cong Khanh (2008) trong ldp biéu san lugng rimng
trong tram trang (Canarium album Raeusch) tai cic tinh Lang Son, Bic Giang, Quang Ninh. Tir dit
lidu 73 14m phan tram tring duoc thu thap, minh hoa phuong phap dé thiét 1ap mo hinh udc tinh thé
tich binh quan (V, m’) theo dudng kinh (Dg, cm) va chidu cao binh quin Iam phan (Hg, m):
V = f(Dg, Hg) theo md hinh power t6 hop bién:

V =ax(Dg*Hg)? + ¢ (7.37)

Trong d6 Dg’Hg 1a t6 hop bién dai dién cho thé tich cdy (m’) Dg’Hg = (Dg/100)*xHg

Tién hanh thiét 1ap mo hinh trén theo codes nls trong R nhu sau:

Codes nls thiét 1ap mé hinh phi tuyén tinh trong R:

V =ax(Dg*Hg)?

# Erase memory (X6a bd nho)

rm(list=Is())

# Clean plot window (X6a céc cua s6 d6 thi cii)

dev.off()

# Define the working directory (Puong dan dén thu muc chua file dir li€u)

setwd("E:/1 - Bao Huy 2017/Books All/Textbook for Infomatic Statistic/TextbookDataset
Analysis/Dataset")

# Import data (Nhap dit licu) :

t_eq <- read.table("Du lieu 12 Tram trang.txt", header=T,sep="\t",strings AsFactors = FALSE)
# install.packages for plots (cai dat cic chwong trinh do thi) :

library(ggplot2)

library(cowplot)

library(gridExtra)

A
# Lap mo hinh V = a*(Dg"2*Hg)"b theo code nls
A
# Combination of variables (Tao td hop bién dai dién thé tich) :
t_eq$Dg2Hg = (t_eq$Dg/100)"2*%t_eq$Hg

# Initial parameters (Tham s6 khoi dau ctia md hinh) :

start <- coefficients(Im(log(V)~log(Dg2Hg), data=t_eq))
names(start) <- c¢("a","b")

# Ap dung chuong trinh 1dp mo hinh phi tuyén nls :
nls_least_square <- nls(V~a*Dg2Hg"b, data=t_eq, start=start)
# T6m tit két qua md hinh :

summary(nls_least_square)

# Tinh gia tri dy dodn va sai s6 ctia m6 hinh :
t_eq$nls_least_square.fit <- fitted.values(nls_least_square)
t_eq$nls_least_square.res <- residuals(nls_least_square)
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Két qua md hinh:

> summary(nls_least_square)
Formula: V ~ a * Dg2HgAb

Parameters:

Estimate Sstd. Error t value Pr(>|t]|)
a 0.33842 0.01051 32.19 <2e-16 ***
b 0.88971 0.01145 77.73  <2e-16 ***

Signif. codes: 0 ‘***’ (0.001 ‘**’ 0.01 ‘*’ 0.05 “.” 0.1 * * 1

Residual standard error: 0.001051 on 71 degrees of freedom

Number of iterations to_convergence: 5
Achieved convergence tolerance: 9.293e-07

> t_eg%nls_least_square.fit <- fitted.values(nls_least_square)
> t_eqg$nls_Tleast_square.res <- residuals(nls_least_square)

MBb hinh dugc thiét 1ap: V = 0.33842x(Dg’Hg)"**"!

Céc tham s6 cua md hinh c6 cic Pr < 2e-16, ching té céc tham so6 ton tai o rét.

Codes tinh cdc chi tiéu thong ké, va sai s6 clia md hinh phi tuyén 1ap theo codes nls:

# calcul of AIC, R2 and errors:

AIC = AIC(nls_least_square)

AlIC

R2 <- 1- sum((t_eq$V - t_eq$nls_least_square.fit)*2)/sum((t_eq$V - mean(t_eq$V))"2)
R2.adjusted <- 1 - (1-R2)*(length(t_eq$V)-1)/(Iength(t_eq$V)-3-1)

R2.adjusted

Bias = mean(t_eq$nls_least_square.res)

Bias

RMSE = sqrt(mean(t_eq$nls_least_square.res”2))

RMSE

MAPE = 100*mean(abs(t_eq$nls_least_square.res)/t_eq$V)
MAPE

Két qua tinh cdc chi tiéu thong ké sai s6 ciia m6 hinh chay theo nls:

> AIC = AIC(nls_Tleast_square)

> AIC

[1] -790.0709

> R2 <- 1- sum((t_eq$v - t_eq¥nis_least_square.fit)A2)/sum((t_eq$v -
mean(t_eq$Vv))A2)

> R2.adjusted <- 1 - (1-R2)*(Tength(t_eq$v)-1)/(length(t_eq$v)-3-1)
> R2.adjusted

[1] 0.9933147

>

> Bias = mean(t_eq$nls_least_square.res)

> Bias

[1] 6.956402e-05

> RMSE = sqrt(mean(t_eq$nls_least_square.resA2))
> RMSE

[1] 0.001036942

> MAPE = 100*mean(abs(t_eq$nls_Tleast_square.res)/t_eq$Vv)
> MAPE

[1] 7.850645
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AIC = -790.1; R% = 0.993314 (Quan hé Ia cht chd)

Bias = 6.95¢-05m’; RMSE = 0.001036m’ va MAPE = 7.85%. Cic sai s0 bé cho thdy dang mo
hinh t6 hop bién mo phong tot quan hé V véi Dg va Hg cia loai tram tring.

Codes thiét 14p cdc d thi danh gid md hinh:

# Plots:

# Fitted model (M0 hinh theo quan sét)

pl <- ggplot(t_eq)

pl <- pl + geom_point(aes(x=Dg2Hg, y=V))

pl <- pl + geom_line(cex = 1.5, aes(x=Dg2Hg, y=nls_least_square.fit))
pl <- pl + xlab("DG"2Hg (m3)") + ylab("V (m3)") + theme_bw()
pl <- pl + labs(title = "a")

pl =pl + theme(axis.title.y = element_text(size = rel(1.5)))

pl =pl + theme(axis.title.x = element_text(size = rel(1.5)))

pl <- pl + theme(plot.title = element_text(size = rel(1.7)))

pl =pl + theme(axis.text.x = element_text(size=15))

pl =pl + theme(axis.text.y = element_text(size=15))

pl

# Observated and Predicted Values: (96 thi Quan sat voi du bao):

p2 <- ggplot(t_eq, aes(x=t_eq$nls_least_square.fit, y=V))

p2 <- p2 + geom_point(cex=2)

p2 <- p2 + geom_abline(cex = 1.5, intercept = 0, slope = 1, col="black")
p2 <- p2 + xlab("Dy dodn (m3)") + ylab("Quan sat (m3)") + theme_bw()+ theme_bw()
p2 = p2 + theme(axis.title.y = element_text(size = rel(1.5)))

p2 = p2 + theme(axis.title.x = element_text(size = rel(1.5)))

p2 <- p2 + theme(plot.title = element_text(size = rel(1.7)))

p2 = p2 + theme(axis.text.x = element_text(size=15))

p2 = p2 + theme(axis.text.y = element_text(size=15))

p2 <- p2 + labs(title = "b")

p2

# Residuals vs predicted (Quan hé sai s6 voi du doan)

p3 <- ggplot(t_eq, aes(x=nls_least_square.fit, y=nls_least_square.res))
p3 <- p3 + geom_point()

p3 <- p3 + geom_line(cex = 1.5, aes(x=nls_least_square.fit, y=0))

p3 <- p3 + xlab("Fitted Values (m3)") + ylab("Residuals (m3)") + theme_bw()
p3 <- p3 + labs(title = "")

p3 = p3 + theme(axis.title.y = element_text(size = rel(1.5)))

p3 = p3 + theme(axis.title.x = element_text(size = rel(1.5)))

p3 <- p3 + theme(plot.title = element_text(size = rel(1.7)))

p3 = p3 + theme(axis.text.x = element_text(size=15))

p3 = p3 + theme(axis.text.y = element_text(size=15))

p3 <- p3 + labs(title = "c")

p3

plot_grid(p1, p2, p3, ncol = 2)
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Hinh 7.21. Cac db thi ctia md hinh V = 0.33842x(Dg?Hg)*#*"". a) M6 hinh véi quan sét;

b) Quan sat v&i dw doan qua mé hinh va c) Sai sb theo dy doan

Tir Hinh 7.21 cho thiy, md hinh bdm kh4 sét dir liéu quan sat, tuy nhién, bién dong sai s6
cling khd 16n & cdc gid tri du dodn 16n, cho thdy cin sir dung trong s6 dé 1ap mo hinh nhim cai

thién sai s6. (Str dung Weight dugc trinh bay ¢ phan tiép theo ciia gido trinh nay).

Picard et al., 2012).
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7.5.4 M6 hinh phi tuyén c6 hay khéng c6 trong sé (Weight)
Qua thiét lap mot s6 mo hinh phi tuyén ndi trén, cho théy mot s6 moi quan hé vi du nhu H/A
hay AGB/DBH, di li¢u bién phu thuoc H, hay AGB s¢€ cang phan tin (bién dong 16n) khi bién doc
lap nhu A hoac DBH tang lén (Hinh 7.22); diéu nay lam cho md hinh c¢é sai s6 16n & céc gia tri du
bao cao. Dé cai thién diéu nay, md hinh phi tuyén c6 trong sb can dugc dp dung (Poso et al., 1999,

L ]
7500
-
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o
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25 50 75
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Hinh 7.22. Bién dong AGB tang khi DBH ting. M6 hinh can ap dung c6 trong sb Weight = 1/DBH?



Bién s6 trong s6 dugc tinh: Weight = 1/X* trong d6 X 12 bién s6 doc 1ap anh hudng rd rét nhat
dén bién phu thudc va khi né ting 1én thi bién phuy thudc c6 sy phan héa cao; a thudng bién dong tir
-20 dén +20 (Picarrd et al., 2012); thay d6i a d&¢ md hinh c6 sai s6 phan bd déu theo cac gia tri dy
dodn trén do thi.

7.5.4.1 Mb hinh theo phwong phap phi tuyén theo Marquardt c6 trong sb thuc hién
trong Statgraphics
Trong lap md hinh H, theo A cua rimg trong tram trang (Dit liéu 12) theo ham Schumacher
nhu phan trén theo phuong phép phi tuyén tinh Marquardt cho thay sai s bién dong 16n khi A ting
1én; vi vay can 1ap mo hinh c6 trong so.
Tién hanh ldp mo6 hinh H/A ham Schumacher theo phwong phép phi tuyén Marquarrdt c6

trong sb tir dit lidu 12: Ho = boX exp(— b;XA™) + €

dit Define Measure Analyze | |mprove Control Forecast SpapStats! Tools View Window Help

Thuc hién thiét lap mod

Analysis of Variance > I gH f 1* 1’:,,, i|v""' li: I; w ’fk‘ L/f.. ’ A ? E

hinh phi tuyén theo Marquardt | | B i ot VR el M
. Experimental Design Creation > Multiple Factors 3 Multiple-Variable Analysis (Correlations)...

trong Statgraphlcs. Experimental Design Analysis > Attribute Data > Multiple Regression...

- Nonlinear Regre Life Data > Regression Model Selection...

1 #Reporter Depeadsat vaciste: 15 Nonlinear Regression,
Imp[rove / Regression | yucomen, || ipemsens s P
A Ridge Regression...

Analysis / Multiple Factors / | mresfesssonHl| i 1as Partial Least Squares..

Nonlinear Regression

Trong hép thoal Nonlinear Regression

Nonlinear Regression: A Dependent Variable:
CNS Ho
. Dg |
Depenedent Variable: H, Dia phuang P
Ha unction:
. A « Ho bo*exp(-b1%4."-m)
Function: Nh3p ham | |0
N
Schumacher No
Stop

r r Stt
Weights: Bién trong so0: | |V

, , Vsp
1/A%, trong d6 A la bién s6 doc
1ap 4nh huéng dy phan héa H,

. i > [Weights:)
va a thay doi tur -20 dén +20 de 17872
chon mo6 hinh c6 céac chi tiéu (Select]
thdng ké t6t nhit nhu R* cao, |
cdc sai sO bé nhit va dic bibt 13 | & son coumnnames
sai s6 c6 phan bd déu theo gid 0K Cancel | Delete | Transiom... Help

tri dg doan trén dd thi : : -
residuals. Trong trudong nay
chona=2
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Trong hop thoai Initial
Parameters Estimates (Du kién
tham s6 ban dau):

Nhép cdc tham s6 ban dau
duoc xdc dinh tir phuong phap
logarit tuyén tinh héa (da gidi
thiéu ¢ phan trén)

Initial Parameter Estimates

bo:

[B540

b1:

]s.ss

0K

Cancel

duif

Help

Nonlinear Regression - H,
Dependent variable: H,
Independent variables:

A

Weight variable: 1/A"2
Initial parameter estimates:
bo = 854.0
bl =6.65
m=0.15

Estimation method: Marquardt

Number of iterations: 2
Number of function calls: 10

Estimation Results

Function to be estimated: b,*exp(-b;*A”*-m)

Estimation stopped due to convergence of residual sum of squares.

Két qua thiét 1ap md hinh phi tuyén tinh Marquardt c6 trong s6 trong Statgraphics:

Asymptotic 95.0%
Asymptotic Confidence Interval
Parameter Estimate Standard Error Lower Upper
bo 860.434 15576.3 -30256.9 31977.7
bl 6.63987 17.9138 -29.1472 42.427
m 0.150432 0.526199 -0.900775 1.20164
Analysis of Variance
Source Sum of Squares Df Mean Square
Model 49.7752 3 16.5917
Residual 2.15216 64 0.0336275
Total 51.9274 67
Total (Corr.) 5.97288 66
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R-Squared = 63.9678 percent

R-Squared (adjusted for d.f.) = 62.8418 percent
Standard Error of Est. = 0.183378

Mean absolute error = 0.885531
Durbin-Watson statistic = 1.79717

Lag 1 residual autocorrelation = 0.0765417

Residual Analysis
Estimation Validation
n 67
MSE 0.0336275
MAE 0.885531
MAPE 17.7424
ME -0.00049614
MPE -4.37533
The StatAdvisor

The output shows the results of fitting a nonlinear regression model to describe the relationship
between H, and 1 independent variables. The equation of the fitted model is

Ho = 860.434*exp(-6.63987*A"-0.150432)

In performing the fit, the estimation process terminated successully after 2 iterations, at which
point the estimated coefficients appeared to converge to the current estimates.

The R-Squared statistic indicates that the model as fitted explains 63.9678% of the variability in
Ho. The adjusted R-Squared statistic, which is more suitable for comparing models with
different numbers of independent variables, is 62.8418%. The standard error of the estimate
shows the standard deviation of the residuals to be 0.183378. This value can be used to construct
prediction limits for new observations by selecting the Forecasts option from the text menu. The
mean absolute error (MAE) of 0.885531 is the average value of the residuals. The Durbin-
Watson (DW) statistic tests the residuals to determine if there is any significant correlation based
on the order in which they occur in your data file.

The output also shows aymptotic 95.0% confidence intervals for each of the unknown
parameters. These intervals are approximate and most accurate for large sample sizes. You can
determine whether or not an estimate is statistically significant by examining each interval to see
whether it contains the value 0. Intervals covering O correspond to coefficients which may well
be removed form the model without hurting the fit substantially.

Mb hinh: H, = 860.434%*exp(-6.63987*A"-0.150432)
Véi Weight duoc lya chon = 1/A> R%, = 62.8418%.
Cic sai sb chinh: Bias (ME) = -0.00049614 m; MAPE = 17.74%

Céc chi tiéu thong ké nay dé tot hon mé hinh khong c6 trong s6 da lap o phéan trén, ching to
khi diing trong s& dbi véi dit liéu bi phan héa manh di cai thién duoc sai s6 cia md hinh. Hinh 7.23
cho thiy, mé hinh c6 trong s6 da gitip cho sai s6 c6 phan bd déu theo cdc gia tri du bdo, céi thién
dugc tinh trang sai s6 phan tdn manh khi gia tri du dodn ting trong md hinh khéng c6 trong so.
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Hinh 7.23. M6 hinh: H, = 860.434*exp(-6.63987*A"-0.150432) véi Weight = 1/A%,
a) M hinh vé&i quan sat; b) sai s6 theo dy doan
7.5.4.2 So sanh mé hinh theo phwong phap phi tuyén binh phwong t6i thiéu (nls) c6
hay khéng c6 trong so thyc hién R
Mb hinh phi tuyén tinh c6 hay khong c6 trong sd c6 thé dugc thiét 1ap theo chwong trinh phi
tuyén binh phuong t6i thiéu nls (nonlinear least square) (Bate et al., 1988) trong phan mém ma
ngudn mo R.

Duéi day minh hoa céch thiét 1ap cdc md hinh wéc tinh sinh khdi cAy rimg trén mat dat (AGB,
kg) theo cic bién s6 DBH, H, WD dugc t6 hop bién 12 DBH’HWD dang ham power (Huy et al.
2016b) trén co s& dit liéu 11 ctia 110 cAdy miu & ving Nam Trung B0, so sanh md hinh c6 hay
khong c6 trong s thuc hién theo code nls trong R.

AGB = ax (DBH*HWD)" + ¢ (7.38)

Codes nhép dir liéu dau vao:

# Erase memory

rm(list=Is())

# Clean plot window

dev.off()

# Define the working directory (change \ with / using Edit>Find)

setwd("E:/1 - Bao Huy 2017/Books All/Textbook for Infomatic Statistic/TextbookDataset
Analysis/Dataset")

# Import data

t_eq <- read.table("Du lieu 11 AGB QNam .txt", header=T,sep="\t",strings AsFactors = FALSE)
# install.packages for plots

library(ggplot2)

library(cowplot)

library(gridExtra)
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Codes 13p mé hinh phi tuyén khong cé trong sb theo nls trong R:
# T6 hop bién dai dién sinh khdi AGB:
t_eq$DBH2HWD = (t_eq$DBH/100)"2*t_eq$H*t_eq$WD*1000

# Initial parameters:

start <- coefficients(Im(log(AGB)~log(DBH2HWD), data=t_eq))
names(start) <- c¢("a","b")

start[1] = exp(start[1])

nls_least_square <- nls(AGB~a*DBH2HWD"b, data=t_eq,
start=start)

# Tém tat két qua mo hinh

summary(nls_least_square)

# Dy dodn va sai s6 mé hinh:

t_eq$nls_least_square.fit <- fitted.values(nls_least_square)
t_eq$nls_least_square.res <- residuals(nls_least_square)

# calcul of AIC, R2 and errors:

AIC = AIC(nls_least_square)

AIC

R2 «<- 1-  sum((t_eq$AGB -  t_eq$nls_least_square.fit)*2)/sum((t_eq$AGB -
mean(t_eq$AGB))"2)

R2.adjusted <- 1 - (1-R2)*(length(t_eq$ AGB)-1)/(length(t_eq$AGB)-3-1)

R2.adjusted

Bias = mean(t_eq$nls_least_square.res)

Bias

RMSE = sqrt(mean(t_eq$nls_least_square.res”2))

RMSE

MAPE = 100*mean(abs(t_eq$nls_least_square.res)/t_eq$ AGB)
MAPE

# Plots:

# Fitted model (M0 hinh theo quan sét)

pl <- ggplot(t_eq)

pl <- pl + geom_point(aes(x=DBH2HWD, y=AGB))

pl <- pl + geom_line(cex = 1.5, aes(x=DBH2HWD, y=nls_least_square.fit))
pl <- pl + xlab("DBH2HWD (kg)") + ylab("AGB (kg)") + theme_bw()
pl <- pl + labs(title = "a")

pl =pl + theme(axis.title.y = element_text(size = rel(1.5)))

pl =pl + theme(axis.title.x = element_text(size = rel(1.5)))

pl <- pl + theme(plot.title = element_text(size = rel(1.7)))

pl =pl + theme(axis.text.x = element_text(size=15))

pl =pl + theme(axis.text.y = element_text(size=15))
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pl

# Observated and Predicted Values: (Dé thi Quan sat voi du bao):

p2 <- ggplot(t_eq, aes(x=t_eq$nls_least_square.fit, y=AGB))

p2 <- p2 + geom_point(cex=2)

p2 <- p2 + geom_abline(cex = 1.5, intercept = 0, slope = 1, col="black")
p2 <- p2 + xlab("Dy dodn (kg)") + ylab("Quan sat AGB (kg)") + theme_bw()+ theme_bw()
p2 = p2 + theme(axis.title.y = element_text(size = rel(1.5)))

p2 = p2 + theme(axis.title.x = element_text(size = rel(1.5)))

p2 <- p2 + theme(plot.title = element_text(size = rel(1.7)))

p2 = p2 + theme(axis.text.x = element_text(size=15))

p2 = p2 + theme(axis.text.y = element_text(size=15))

p2 <- p2 + labs(title = "b")

p2

# Residuals vs predicted (Quan hé sai s6 voi du doan)

p3 <- ggplot(t_eq, aes(x=nls_least_square.fit, y=nls_least_square.res))
p3 <- p3 + geom_point()

p3 <- p3 + geom_line(cex = 1.5, aes(x=nls_least_square.fit, y=0))

p3 <- p3 + xlab("Dy doan AGB (kg)") + ylab("Sai ) (kg)") + theme_bw()
p3 <- p3 + labs(title = "")

p3 = p3 + theme(axis.title.y = element_text(size = rel(1.5)))

p3 = p3 + theme(axis.title.x = element_text(size = rel(1.5)))

p3 <- p3 + theme(plot.title = element_text(size = rel(1.7)))

p3 = p3 + theme(axis.text.x = element_text(size=15))

p3 = p3 + theme(axis.text.y = element_text(size=15))

p3 <- p3 + labs(title = "c")

p3 =p3 + ylim(-1500,1500)

p3

plot_grid(p1, p2, p3, ncol = 1)

Codes 13p mé hinh phi tuyén cé trong so theo nls trong R:
# T6 hop bién dai dién sinh khdi AGB:
t_eq$DBH2HWD = (t_eq$DBH/100)"2*t_eq$H*t_eq$WD*1000

# Initial parameters:

start <- coefficients(Im(log(AGB)~log(DBH2HWD), data=t_eq))
names(start) <- c¢("a","b")

start[1] = exp(start[1])

nls_least_square <- nls(AGB~a*DBH2HWD"b, data=t_eq,
start=start, weights = 1/DBH2HWD"0.9)

# T6m tat két qua mo hinh
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summary(nls_least_square)

# Dy dodn va sai s6 mé hinh:

t_eq$nls_least_square.fit <- fitted.values(nls_least_square)

t_eq$nls_least_square.res <- residuals(nls_least_square)
t_eq$nls_least_square.res_weight <- residuals(nls_least_square)/t_eq$DBH2HWD"0.9

# calcul of AIC, R2 and errors:

AIC = AIC(nls_least_square)

AIC

R2 «<- 1-  sum((t_eq$AGB -  t_eq$nls_least_square.fit)*2)/sum((t_eq$AGB -
mean(t_eq$AGB))"2)

R2.adjusted <- 1 - (1-R2)*(length(t_eq$ AGB)-1)/(length(t_eq$AGB)-3-1)

R2.adjusted

Bias = mean(t_eq$nls_least_square.res_weight)

Bias

RMSE = sqrt(mean(t_eq$nls_least_square.res_weight?2))

RMSE

MAPE = 100*mean(abs(t_eq$nls_least_square.res_weight)/t_eq$ AGB)
MAPE

# Plots:

# Fitted model (M0 hinh theo quan sét)

p4 <- ggplot(t_eq)

p4 <- p4 + geom_point(aes(x=DBH2HWD, y=AGB))

p4 <- p4 + geom_line(cex = 1.5, aes(x=DBH2HWD, y=nls_least_square.fit))
p4 <- p4 + xlab("DBH2HWD (kg)") + ylab("AGB (kg)") + theme_bw()
p4 <- p4 + labs(title = "a")

p4 = p4 + theme(axis.title.y = element_text(size = rel(1.5)))

p4 = p4 + theme(axis.title.x = element_text(size = rel(1.5)))

p4 <- p4 + theme(plot.title = element_text(size = rel(1.7)))

p4 = p4 + theme(axis.text.x = element_text(size=15))

p4 = p4 + theme(axis.text.y = element_text(size=15))

p4

# Observated and Predicted Values: (Dé thi Quan sat voi du bao):

p5 <- ggplot(t_eq, aes(x=t_eq$nls_least_square.fit, y=AGB))

pS <- p5 + geom_point(cex=2)

pS <- p5 + geom_abline(cex = 1.5, intercept = 0, slope = 1, col="black")
pS <- p5 + xlab("Dy doan AGB (kg)") + ylab("Quan sit AGB (kg)") + theme_bw()+
theme_bw()

pS = p5 + theme(axis.title.y = element_text(size = rel(1.5)))

pS = pS + theme(axis.title.x = element_text(size = rel(1.5)))

pS <- pS + theme(plot.title = element_text(size = rel(1.7)))

pS = pS + theme(axis.text.x = element_text(size=15))

pS = pS + theme(axis.text.y = element_text(size=15))

pS <- pS + labs(title = "b")
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pS

p6 <- ggplot(t_eq, aes(x=nls_least_square.fit, y=t_eq$nls_least_square.res_weight))
p6 <- pb + geom_point()

p6 <- pb + geom_line(cex = 1.5, aes(x=nls_least_square.fit, y=0))

p6 <- p6 + xlab("Dy doan AGB (kg)") + ylab("Sai s6 c6 trong ) (kg)") + theme_bw()
p6 <- p6 + labs(title = "")

p6 = p6 + theme(axis.title.y = element_text(size = rel(1.5)))

p6 = p6 + theme(axis.title.x = element_text(size = rel(1.5)))

p6 <- p6 + theme(plot.title = element_text(size = rel(1.7)))

p6 = p6 + theme(axis.text.x = element_text(size=15))

p6 = p6 + theme(axis.text.y = element_text(size=15))

p6 <- p6 + labs(title = "c")

p6 = p6 + ylim(-0.6,0.6)

p6

plot_grid(p4, pS, p6, ncol = 1)

Két qua thiét 1ap mo hinh c¢6 hay khong c6 trong sb theo chuong trinh nls trong phin mém R
dugc tong hop trong Bang 7.4. Tir bang nay cho thidy mo hinh phi tuyén c6 trong s thuc hién theo
nls trong R ¢6 céc sai s6 bé hon rat nhiéu mo hinh khéng c6 trong so.

Vi véy, ddi vdi cic dit liéu quan st bi phan tan khi bién doc 1ap ting 1én can 4p dung phuong
phap phi tuyén c6 trong sb, phuwong phap gitip cho viéc cai thién sai s6 rat c6 y nghia.

Bang 7.4. M hinh phi tuyén va céc chi tiéu théng ké cla mo hinh ¢4 hay khong co trong s6 theo phwong
phap phi tuyén binh phwong t6i thiéu (nls) trong R

Chi tiéu thong k&, | Khong trong sd C6 trong s6 Weight =

sai sb 1/DBH*HWD*’

MBS hinh AGB = 0.51083 x  (DBH’HWD) | AGB = 0.60670 x (DBH*HWD)
0.97776 0.95883

R’ 0.954 0.954

Bias (kg) 6.83 -0.00065

RMSE (kg) 311.9 0.2

MAPE (%) 18.8 0.41

Hinh 7.24 ciing cho thdy md hinh phi tuyén c6 trong s6 thi sai s6 rit bé va phan bd déu theo

gia tri dy bao, nguoc lai khi khong c6 trong sb sai s6 16m va phén tan manh ¢ céac gia tri AGB 16n.

Két qua nay khang dinh ddi véi cdc quan hé néu bién y bi phin tdn manh khi x ting 1én, nhu

truong hop cdc mo hinh wdc tinh sinh khéi ciy rimg (AGB) theo mot dén nhiéu bién nhu DBH, H,
WD va CA hodc md hinh quan h¢ chiéu cao binh quan t?lng trdi theo tudi H/A hodc quan hé
H/DBH; thi md hinh c6 trong s6 ¢6 ¥ nghia quan trong trong cai thién d tin cdy nhu da gi6i thiéu
o trén.
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Hinh 7.24. M6 hinh phi tuyén AGB = axDBH?HWD. A) M6 hinh theo quan sat; b) Quan sat so v&i dw doan va
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Hinh 7.25. M hinh phi tuyén AGB = axDBH’HWD véi trong sb khac nhau. Weight = 1/DBH?*HWD®® cho sai
s0 bé nhat va phén bd déu theo gia tri AGB dw doan quan mé hinh
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Hinh 7.25 chi ra khi thay doi trong s6 khéc nhau thi phin b6 sai s6 ciing thay doi, ddy 1a co sé
dé lua chon mot trong sb thich hop cho m6 hinh. Phén bd sai sb rai déu theo gia tri dy bdo vdi
Weight = 1/DBH2HWD"’ 1a t6t nhit trong vi du nay.

7.5.5 Phwong phap phi tuyén anh hwéng tong hop (Nonlinear Mixed-
Effects - nime) Maximum Likelihood c6 trong so dé wéc lwong mod
hinh phi tuyén tinh

Ngoai phuong phap phi tuyén binh phuong tdi thiéu c6 trong s6 sir dung codes nls trong phan
mém mi nguoén mé R, con c6 phuwong phap phi tuyén anh huéng phirc hgp hop 1y tdi da (nlme:
nonlinear mixed effects - Maximum Likelihood) c6 trong sd (weights), sau ddy viét tit 1a phuong
phap phi tuyén Maximum Likelihood c6 trong sd (Davidian et al., 1995; Pinheiro et al., 2014).
Trong mét s6 quan hé phirc tap nhu, m6 hinh bi anh huéng cua nhiéu nhéan té khic ngoai cic bién
s6 doc 1ap, thi mé hinh theo phuong phap nlme Maximum Likelohood c6 trong s t6 ra c6 hi¢u qua
dé ning cao do tin cdy, vi vay, can c6 thir nghiém dé dp dung phuong phip nay so véi nls thong
thuong va hay ap dung.

D¢ minh hoa 4p dung phuong phap phi tuyén Maximum Likelihood c6 trong sd, sir dung mo
hinh power. Phan mém ma ngudn md R dugc dp dung theo chwong trinh nlme (Bates ef al., 2010;
Pinheiro ef al., 2014) va chan dodn qua so do sir dung ggplot2 (Wickham er al., 2013). St dung Dit
lidu 11 dé thiét 1ap md hinh wéc tinh khéi cAy rimg theo cdc bién sé dau vao khac nhau véi kiéu
dang md hinh tong quat nhu sau (Huy ef al., 2016a):

Yi = OLXXiﬁ + & (739)
g~ iid N(0,62%) (7.40)
Trong d6 Y; 12 AGB (kg) ng véi ciy thir i; o va 8 1a tham s ctia md hinh; X; 1a cic bién s6

DBH (cm), H (m), WD (g/cm®), CA (m®) hoic t6 hop bién DBH’H, DBH*HWD; va g; 1a sai s6
ngau nhién (ng véi ciy thir .

Phan tich ban dau cho thiy, bién ddng cia sai s6 c¢6 xu hudng gia ting khi gia ting X; trong
cidc mo hinh. Vi vay, mot ham phuong sai theo trong s6 da dugc dp dung dé diéu chinh cdc tham s6

clia m6 hinh nhim giam bién dong sai s6 nay. Ham phuong sai c6 dang nhu sau (Huy e al.,
2016a):

Var(e) = 62y (7.41)

Trong dé &; la sai sO ngau nhién; G 2 1a sai s6 binh phuong; v; la bién trong s6 (DBH,
DBH’HWD) tuong (g véi ciy thir i; va k 12 hé sé cia ham phuong sai.

Tir dir liéu 11, minh hoa thiét 1ap md hinh power theo codes nlme c6 trong sb Weight =
1/DBH*HWWD trong R nhu sau:

AGB = ax(DBH’HWD)" + ¢ (7.42)
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Codes theo phwrong phap nlme Maximum Likelihood cé trong s trong R cho mo hinh: AGB
= ax(DBH’HWD)" véi Weight = 1/DBH*HWWD:

# Erase memory (X6a bd nhé cii)
rm(list=Is())

# Clean plot window (X6a céc cita s0 cii)
dev.off()

# Define the working directory (Thu muc chira dir li¢u)
setwd("E:/1 - Bao Huy 2017/Books All/Textbook for Infomatic Statistic/TextbookDataset
Analysis/Dataset")

# Import data (Nhap dir li¢u)
t <- read.table("Du lieu 11 AGB QNam .txt", header=T,sep="\t",strings AsFactors = FALSE)

# Install.packages ggplot2 and nlme (Cai dat chuong trinh nlme, ggplots)
library(ggplot2)

library(nlme)

library(cowplot)

# Combination of variables: (Té hop bién)
t$DBH2HWD = (t$DBH/100)"2*t$H*t$WD*1000

# Model nlme (M0 hinh theo nlme c6 trong sé)

start <- coefficients(Im(log(AGB)~log(DBH2HWD), data=t))
names(start) <- c¢("a","b")

start[1]<-exp(start[1])

Max_like <- nlme(AGB~a*(DBH2HWD)"b, data=cbind(t,g="a"), fixed=a+b~1,
start=start, groups=~g, weights=varPower(form=~DBH2HWD))

# Outputs of the model (Két qua md hinh)
summary(Max_like)

k <- summary(Max_like)$modelStruct$varStruct[1]
k

t$Max_like.fit <- fitted. values(Max_like)
t$Max_like.res <- residuals(Max_like)
t$Max_like.res.weigh <- residuals(Max_like)/t$DBH2HWD"k

# Calcul of errors (Cdc sai s, chi tiéu thong ké ctia mo hinh)
Bias = mean(t$Max_like.res.weigh)
Bias
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RMSE = sqrt(mean((t$Max_like.res.weigh)”2))

RMSE

MAPE = 100*mean(abs(t$Max_like.res.weigh/t$ AGB))
MAPE

AIC(Max_like)

R2 <- 1- sum((t$AGB - t$Max_like.fit)*2)/sum((t$AGB - mean(t$AGB))"2)
R2

R2.adjusted <- 1 - (1-R2)*(length(t$DBH)-1)/(length(t$DBH)-3-1)
R2.adjusted

# Plots (Cdc dd thi)

# Fitted model (M0 hinh theo quan sét)

p4 <- ggplot(t)

p4 <- p4 + geom_point(aes(x=DBH2HWD, y=AGB))

p4 <- p4 + geom_line(cex = 1.5, aes(x=DBH2HWD, y=Max_like.fit))
p4 <- p4 + xlab("DBH2HWD (kg)") + ylab("AGB (kg)") + theme_bw()
p4 <- p4 + labs(title = "a")

p4 = p4 + theme(axis.title.y = element_text(size = rel(1.5)))

p4 = p4 + theme(axis.title.x = element_text(size = rel(1.5)))

p4 <- p4 + theme(plot.title = element_text(size = rel(1.7)))

p4 = p4 + theme(axis.text.x = element_text(size=15))

p4 = p4 + theme(axis.text.y = element_text(size=15))

p4

# Observated and Predicted Values: (Quan sat va du doan):

p5 <- ggplot(t, aes(x=t$Max_like.fit, y=AGB))

pS <- pS + geom_point(cex=2)

pS <- p5 + geom_abline(cex = 1.5, intercept = 0, slope = 1, col="black")
pS <- p5S + xlab("Dy dodn AGB (kg)") + ylab("Quan sidt AGB (kg)") + theme_bw()+ theme_bw()
pS = pS + theme(axis.title.y = element_text(size = rel(1.5)))

pS = pS + theme(axis.title.x = element_text(size = rel(1.5)))

pS <- pS + theme(plot.title = element_text(size = rel(1.7)))

pS = pS + theme(axis.text.x = element_text(size=15))

pS = pS + theme(axis.text.y = element_text(size=15))

pS <- pS + labs(title = "b")

pS

# Residuals and predicted (Sai s6 theo du doan)

po6 <- ggplot(t, aes(x=Max_like.fit, y=t$Max_like.res.weigh))

p6 <- p6 + geom_point()

p6 <- p6 + geom_line(cex = 1.5, aes(x=Max_like.fit, y=0))

p6 <- p6 + xlab("Dy dodn AGB (kg)") + ylab("Sai s6 c6 trong ) (kg)") + theme_bw()
p6 <- pb + labs(title = "")
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p6 = p6 + theme(axis.title.y = element_text(size = rel(1.5)))
p6 = p6 + theme(axis.title.x = element_text(size = rel(1.5)))
p6 <- p6 + theme(plot.title = element_text(size = rel(1.7)))
p6 = p6 + theme(axis.text.x = element_text(size=15))

p6 = p6 + theme(axis.text.y = element_text(size=15))

p6 <- p6 + labs(title = "c")

p6 = p6 + ylim(-0.6,0.6)

po6

plot_grid(p4, pS, p6, ncol = 1)

# The end #

Két qua thiét 1ap mo hinh phi tuyén theo phuwong phap nime Maximum Likelihood c6 trong s
& Bang 7.5 va so sanh véi md hinh theo phuong phap phi tuyén binh phwong téi thiéu nls ¢ trong
s6 duge do tim. Két qua ¢ bang nay cho thay, ddi voi cdc md hinh ¢6 anh huong phirc tap, phuong
phap nlme da té ra c¢6 d6 tin cay hon, véi AIC nho hon rd rét (mot diéu quan tam la gid tri AIC
trong md hinh theo nls c6 gi4 tri kha cao) va cdc sai s6 nhu Bias, RMSE va MAPE ciing dugc cai
thién hon. Trong khi d6 R* ciia mé hinh theo nlme c6 xu hudng bé hon, do d6, trong thong ké
truyén thong thuong chi str dung R nhu 1a chi tiéu théng ké duy nhét dé so sanh cdc mo hinh Ia
chura phit hop va di khi s& khong mang lai két qua diing.

Bang 7.5. M6 hinh phi tuyén va cac chitiéu théng ké theo phwong phap Maximum Like Lihood (nlme) va phi
tuyén binh phwong t6i thiéu (nls) cé trong so trong R

Chi tiéu théng ké, | Theo nlme véi Weight = Theo nls vé1 Weight =

sai s0 1/DBH*HWD* 1/DBH*HWD"?

MBS hinh AGB = 0.62596 x  (DBH’HWD) | AGB = 0.60670 x (DBH*HWD)
0.95345 0.95883

k 0.95186 -

AIC 1098.9 62438.6

R’ 0.953 0.954

Bias (kg) 1.225314e-07 -0.00065

RMSE (kg) 0.14 0.20

MAPE (%) 0.35 0.41

Ghi chii: k la hé s6 ciia ham phwong sai

Hinh 7.26 ciing cho thdy wdc lwong md hinh phi tuyén theo phuong phip nlme Maximum
Likelihood so v&i phwong phép nls c6 trong s thi sai s6 bé hon va phan bb hep va déu hon theo gid
tri dy bdo. Két qua nay cho thdy, phuong phdp wéc lwong mo hinh phi tuyén tinh Maximum
Likelihood c6 trong s6 Weight = 1/X* (vdi k 12 hé s6 cia ham phuong sai) sir dung codes nlme to
ra c6 hiéu qua cao nhat so v6i cdc phurong phap udc lugng 1a phi tuyén di voi cic mbi quan hé phi
tuyén phirc tap, bi chi phdi boi nhiéu nhan t6 bén ngoai. Vi vdy, xu thé 4p dung codes nlme trong R
1a hién dai va can dugc xem xét 4p dung trong thiét 1ap cdc mo hinh phi tuyén trong 14m nghiép.
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Hinh 7.26. M6 hinh phi ’tuyén AGB = axDBH?HWD. a) M6 hinh theo quan sat; b) Quan sat $0 v&i dy doan va
¢) Phén bo sai s6 theo dy doan. C6t trai: M6 hinh theo phwong phap nime c6 trong s6 Weight =
1/(DBH*HWD)¥; Cot phai: M6 hinh theo phwong phap nls vai trong s6 Weight = 1/(DBH*HWWD)**®

7.6 Chi Sé Furnival’s Index dé Iwa chon dang phwong trinh khac
nhau hoac phwong phap wéc lwong mo hinh phi tuyen:
Tuyen tinh héa hay phi tuyéen Maximum Likelihood

Cac mb hinh c6 thé khdc nhau vé bién phy thudc y, mot mo hinh khdéng d6i bién s van 1a vy,
md hinh khdc thi d6i bién vi du nhu 1a log(y), 17y, sqrt(y). Khi cic mé hinh khdc nhau vé d6i bién
s thi ciing 4p dung phuong phéap wdc lugng khac nhau. Pho bién 1a mé hinh phi tuyén c6 thé udc
luong cic tham sd ctia md hinh theo mot trong hai phwong phdp chinh 13, tuyén tinh héa binh
phuong tbi thiéu (sir dung codes Im trong R) hodc phi tuyén bao gom: phi tuyén binh phuong tdi
thiéu (str dung codes nls trong R) hodc phi tuyén Marquardt hodc phi tuyén Maximum Likelihood
(code nlme trong R).

D¢ so sdnh cdc mo hinh khic nhau vé bién y (y va log(y), 1.y....) dugc udc lugng theo phuong
phap khic nhau co ban nhu 1a, tuyén tinh hogc phi tuyén tinh; ltic nay can st dung chi s6 Furnival’s
Index (FI) (1961) (Jayaraman, 1999)). Chi s6 Furnival’s Index dung dé so sanh cdc md hinh khong
gidng nhau vé bién s6 phu thudc (vi du y va In(y)), vi lic ndy cdc chi tiéu théng ké nhu R?, AIC,
céc loai sai s6 s& khong thé diing dé so sdnh do khac nhau vé gid tri cua bién phy thugc. Cdc mod
hinh theo phuong phép wéc lugng 4p dung c6 chi s6 Furnival Index (FI) thap hon 1a tét hon.

Cong thtrc tinh Furnival’s Index (FI) nhu sau:

1 (7.43)

Geometric mean (y")

FI = RMSE *
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Trong d6: RMSE: Root Mean Squared Error: Sai s6 trung phuong; y’ 1a dao ham bac nhit cua
bién phu thuoc y va bang 1, néu 1a bién phy thudc dwgc dbi bién sb 1a In(y) thi s& bang 1/y.
Geomtric mean: Trung binh hinh hoc.

Cong thtrc tinh trung binh hinh hoc (Geometric mean) (Huy et al., 2016b):

noo\ M (7.44)
Geometric Mean = (H x,-) = {Yrxy---x,. .
i=1

Tinh FI cho ting dang mé hinh va phuong phép ldp mé hinh c6 thé dugc thyc hién trong R
nhu sau: D& minh hoa, sir dung codes néu trén dé tinh FI cho cdc md hinh udc tinh AGB theo mot
bién s6 DBH hoic t6 hop bién s6 DBH’HWD + CA theo hai dang md hinh tuyén tinh héa logarit
va power (rng voi hai phuong phép tuyén tinh binh phwong téi thiéu (Im trong R) va phi tuyén
Maximum likelihood c6 trong sb (nlme trong R), dit liéu 11 tir sinh kh6i 110 cAdy miu & Nam Trung
B¢ duoc ap dung.

Codes ciia chirong trinh R dé tinh chi s6 Furnival’s Index cho ham mii tuyén tinh logarit
theo Im: log(AGB) = a + b log(DBH)

# Erase memory

rm(list=Is())

# Clean plot window

dev.off()

# install.packages("ggplot2")

library(ggplot2)

library(nlme)

# Define the working directory

setwd("E:/1 - Bao Huy 2017/Books All/Textbook for Infomatic Statistic/TextbookDataset
Analysis/Dataset")

# Import data

t <- read.table("Du lieu 11 AGB QNam .txt", header=T,sep="\t",strings AsFactors = FALSE)

# Modelling
Imt1 <- Im(log(AGB)~I(log(DBH)), data=t)

# Outputs of the model
summary(Ilmt1)

anova(lmt1)

t$1mt1.fit <- fitted.values(lmt1)
t$lmt1.res <- residuals(Imt1)

# Furnival Index (FI)= RMSE*(1/Geometric Mean of In(y)"), In(y)' = 1/y
# Geometric Mean (gm):

gm = exp(mean(log(1/t$AGB)))

RMSE = sqrt(mean(t$lmt1.res"2))

FI = RMSE*(1/gm)

FI

# The end
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Codes ciia chuong trinh R dé tinh chi s6 Furnival’s Index cho ham mii tuyén tinh logarit
theo Im: log(AGB) = a + b*log(DBH2HWD) + c*log(CA)

# Erase memory

rm(list=Is())

# Clean plot window

dev.off()

# install.packages("ggplot2")

library(ggplot2)

library(nlme)

# Define the working directory

setwd("E:/1 - Bao Huy 2017/Books All/Textbook for Infomatic Statistic/TextbookDataset
Analysis/Dataset")

# Import data

t <- read.table("Du lieu 11 AGB QNam .txt", header=T,sep="\t",strings AsFactors = FALSE)

# Modelling

# Combination of variable:

t$DBH2HWD = (t$DBH/100)"2*t$H*t$WD*1000

Imt1 <- Im(log(AGB)~log(DBH2HWD)+log(CA), data=t)

# Outputs of the model
summary(Ilmt1)

anova(lmt1)

t$1mt1.fit <- fitted.values(lmt1)
t$lmt1.res <- residuals(Imt1)

# Furnival Index (FI)= RMSE*(1/Geometric Mean of In(y)"), In(y)' = 1/y
# Geometric Mean (gm):

gm = exp(mean(log(1/t$AGB)))

RMSE = sqrt(mean(t$lmt1.res"2))

FI = RMSE*(1/gm)

FI

# The end

Codes ciia chwrong trinh R dé tinh chi s6 Furnival’s Index cho ham mii theo phwong phap
phi tuyén Maximum Likelihood nlme ¢é trong sé6: AGB = aDBH"b

# Erase memory

rm(list=Is())

# Clean plot window

dev.off()

# install.packages("ggplot2")
library(ggplot2)

library(nlme)

# Define the working directory
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setwd("E:/1 - Bao Huy 2017/Books All/Textbook for Infomatic Statistic/TextbookDataset
Analysis/Dataset")

# Import data
t <- read.table("Du lieu 11 AGB QNam .txt", header=T,sep="\t",strings AsFactors = FALSE)

# Modelling

start <- coefficients(Im(log(AGB)~log(DBH), data=t))

names(start) <- c¢("a","b")

start[1]<-exp(start[1])

Max_like <- nlme(AGB~a*DBH”b, data=cbind(t,g="a"), fixed=a+b~1,
start=start, groups=~g, weights=varPower(form=~DBH))

# Outputs of the model

summary(Max_like)

k <- summary(Max_like)$modelStruct$varStruct[1]

k

t$Max_like.fit <- fitted. values(Max_like)
t$Max_like.res <- residuals(Max_like)
t$Max_like.res.weigh <- residuals(Max_like)/t$DBH"k

# Calcul of R2

R2 <- 1- sum((t$AGB - t$Max_like.fit)*2)/sum((t$AGB - mean(t$AGB))*2)
R2

R2.adjusted <- 1 - (1-R2)*(length(t$DBH)-1)/(length(t$DBH)-3-1)
R2.adjusted

# Furnival Index FI:

RMSE = sqrt(mean((t$Max_like.res.weigh)”2))
FI = RMSE

FI

# The End

Codes ciia chwrong trinh R dé tinh chi s6 Furnival’s Index cho ham mii theo phwong phap
phi tuyén Maximum Likelihood nlme c6 trong s6: AGB = a*DBH2HWD/b*CA”c

# Erase memory
rm(list=Is())

# Clean plot window
dev.off()

# install.packages("ggplot2")
library(ggplot2)
library(nlme)
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# Define the working directory

setwd("E:/1 - Bao Huy 2017/Books All/Textbook for Infomatic Statistic/TextbookDataset
Analysis/Dataset")

# Import data

t <- read.table("Du lieu 11 AGB QNam .txt", header=T,sep="\t",strings AsFactors = FALSE)

# Modelling

# Combination of variables

t$DBH2HWD = (t$DBH/100)"2*t$H*t$WD*1000

start <- coefficients(Im(log(AGB)~log(DBH2HWD)+log(CA), data=t))

names(start) <- c¢("a","b","c")

start[1]<-exp(start[1])

Max_like <- nlme(AGB~a*DBH2HWD”"b*CA”c, data=cbind(t,g="a"), fixed=a+b+c~1,
start=start, groups=~g, weights=varPower(form=~DBH))

# Outputs of the model

summary(Max_like)

k <- summary(Max_like)$modelStruct$varStruct[1]

k

t$Max_like.fit <- fitted. values(Max_like)
t$Max_like.res <- residuals(Max_like)
t$Max_like.res.weigh <- residuals(Max_like)/t$DBH"k

# Calcul of R2

R2 <- 1- sum((t$AGB - t$Max_like.fit)*2)/sum((t$AGB - mean(t$AGB))*2)
R2

R2.adjusted <- 1 - (1-R2)*(length(t$DBH)-1)/(length(t$DBH)-4-1)
R2.adjusted

# Furnival Index FI:

RMSE = sqrt(mean((t$Max_like.res.weigh)”2))
FI = RMSE

FI

# The end

Trong trudng hop mo hinh sinh khéi, két qua & Bang 7.6 da chi ra ldp mo hinh theo phuong
phap phi tuyén Maximum Likelihood c6 trong s6 1a tdt hon nhiéu so véi phuong phép tuyén tinh
héa logarit binh phuong tdi thiéu. Tt ca cdc ham véi cdc bién sd dau vao khédc nhau theo phuong
phdp Maximum Likelihood c6 trong s6 déu c6 gid tri FI nho hon rat nhiéu, vi vdy, phuong phap
nay 12 tot nhat dé 1ap cdc md hinh sinh khéi dang ham power voi mot dén nhiéu bién sb dau, to hop
bién. Trong khi d6 R* khong thé sir dung dé chon mé hinh c6 d9 tin cay tét, vi két qua nay cho thiy
R’ ciia cdc md hinh theo dang logarrit binh phurong tdi thiéu c6 R* cao hon md hinh theo Maximum
Likelihood, vi vdy, khang dinh R ciing nhur AIC hodc céc sai s6 déu khong thé diing dé séng trong
truong hgp mo hinh ¢ bién y khic nhau va uéc lwong theo hai phuwong phap khic nhau la tuyén
tinh va phi tuyén.
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Bang 7.6. Cac ham thdr nghiém theo cac nhém bién sé dau vao va str dung chi s Furnival (FI) dé so sanh
hai phwong phép logarrit va phi tuyén tinh Maximum Likelihood c6 trong so

Theo phuong Theo phuong phéap phi tuyén c6
phép tuyén tinh trong sO Maximum Likelihood

Bién  dau héa logarit binh

vio M hinh sinh khoi phuong téi thiéu
Adj.R* FI  Biéntrongsé Adj. FI
R2
DBH, H, 0.988 31.3 1/DBH" 0.960 0.018
WD, and AGB = axDBH2*HWDPxCA¢
CA

Ghi chii: FI: Chi s6 Furnival’s Index. T6 hop bién: DBH’HWD (kg) = (DBH/100)°x H xWD x1000 la dai
dién cho sinh khoi. k la hé¢ so cua ham bién dong. Nguon: Huy et al., 2016b

7.7 M6 hinh thay d6i tham s6 dwéi anh hwéng cua cac nhan té
ngau nhién (random effect)

Trong thuc té, thiét 14p mé hinh quan hé bién phy thudc khéng chi bi anh huong boi cdc bién
doc 1ap, ma con bi chi phdi boi cdc nhan té mdi truong khéc. Vi du quan h¢ H/DBH hay quan hé
H,/A hoac AGB/DBH thi cic céc bién phu thugc khong chi bi anh hudng boi mot hoac nhiéu trong
céc bién doc 1ap trong mo hinh, ma con bi anh hudng boi cdc nhéan td sinh thdi, mdi truong rimg
khic (random effect), nhu mat do (N), tong tiét dién ngang (BA), 1ap dia, khi hau, dit dai,... Trong
truong hop nay, dé nang cao d¢ tin cdy ciia mo hinh, céc tham s6 ciia mé hinh can c6 sy diéu chinh
theo tirng nhan t6 mdi truong; phuong phap wdc lugng mé hinh nhu vy goi 1a phi tuyén tinh
Maximum Likelihood c6 trong s c6 xét dén anh hudng ngiu nhién ctia cdc nhan t6 mdi trudng.

Phuong phép udc lugng md hinh ¢6 xét dén anh huong ngiu nhién (random effect) clia cic
nhén t6 moi trudng bang cich, ddnh gia sy thay doi cac tham s6 khi cdc nhan té anh huong thay doi
dugc thuc hién theo chwong trinh nlme trong phin mém ma nguén mé R (Bates e al., 2010;
Pinheiro et al., 2014) va danh gid qua so d0 st dung codes ggplot2 (Wickham er al., 2013).

Vi dy kiéu dang mo hinh phi tuyén tong quét dang power dé uwéc tinh AGB c¢6 xét anh hudng
clia cdc nhan t6 mdi truong (Huy ef al., 2016¢):

Yij = (a+ ai)xxij(ﬁ” bi) 4 & (7.45)
g~ tid N (0,6%) (7.46)

a;~ iid N'(0, o, 2) (7.47)

(7.48)

b;~ iid N'(0, o, 2)

169



Trong d6 Y; j 1a AGB (kg) ing voi cay thu j tu cép i cta nhan té anh hudng; o va p 1a tham
s cua md hinh; @; va b; 1a thay doi ctia tham s6 theo cap i; X;; la cdc bién s6 DBH (cm), H (m)

hogc t6 hop bién DBH’H, DBH’HWD {ing véi cdy thir j trong cp i; va g;; la sai s6 ngdu nhién
{mg véi cay thir j va cAp nhén t6 i.

Do phuong sai clia sai s6 md hinh ¢6 xu hudng tang khi DBH ting; do vdy, mot ham phuong
sai theo trong s6 da dugc 4p dung dé diéu chinh cic tham s cia mo hinh nhim giam bién dong sai
s6 khi DBH ting 1én. Ham phuong sai c6 dang nhu sau (Huy e al., 2016a):

Var(g;;) = c’r‘z(vij)z"" (7.49)

Trong do &;; 1a sai s6 ngau nhién; G 2 1a sai s6 binh phuong; v;; la bién trong s6 (DBH, hodc

DBH’H hoic DBH’HWD) twong {rng v4i ciy thir j va cap nhan t6 anh huong i; va k 1a hé s6 ciia
ham phuong sai.

D¢ minh hoa cho thiét 14p md hinh voi anh hudng cta céc nhéan td ngau nhién, str dung Dir
lidu 13 voi 968 cay miu duge xdc dinh khéi ciy rimg trén mat dat (AGB, kg) cling véi céc bién s6
DBH (cm), H (m), WD (g/cm3) va céc nhan t6 moi truong nhu ving sinh thai (cé 5 ving dugc thu
thap s liéu), sinh hoc nhu ho thuc vat cap khdi lugng thé tich gd (WD, g/em’). Thir nghiém thiét
lap md hinh udc tinh AGB theo t6 hgp bién DBH’H dang power va xét anh hudng ctia viing sinh
thai dén cdc tham sd ciia md hinh

Ap dung chuong trinh nlme c6 trong s6 va khong c¢6 hay c6 xét anh hudng ciia nhin té moi
truong (vung sinh théi) trong R nhu sau:

Codes 1ip md hinh AGB = a*(DBH’H)" theo nlme trong R cé trong so khong xét dnh huéng
ciia yéu t6 méi truong

# Erase memory

rm(list=Is())

# Clean plot window

dev.off()

# Define the working directory

setwd("E:/1 - Bao Huy 2017/Books All/Textbook for Infomatic Statistic/TextbookDataset
Analysis/Dataset")

# Import country data

t_all <- read.table("Du lieu 13 AGB Viet Nam.txt", header=T,sep="\t",stringsAsFactors =
FALSE)

# install.packages

library(ggplot2)

library(nlme)

library(cowplot)

library(gridExtra)

# Develop Model: (Lap m6 hinh theo nlme khong xét 4anh hudng cua vung sinh théi)
# Combination of varialbe of DBH2H:
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t_allSDBH2H = (t_all$DBH/100)"2*t_all$H
# Modelling (M6 hinh héa véi trong s6 weight = 1/DBH2H, khong c6 random efect)
start <- coefficients(Im(log(AGB)~log(DBH2H), data=t_all))
names(start) <- ¢("a","b")
start[1]<-exp(start[1])
Max_like <- nlme(AGB~a*DBH2H"b, data=cbind(t_all,g="a"), fixed=a+b~1,
start=start, groups=~g, weights=varPower(form=~DBH2H))

# Output Model:

summary(Max_like)

k <- summary(Max_like)$modelStruct$varStruct[1]

k

# Estimated values and Predicted:

t_all$Max_like.fit <- fitted.values(Max_like)

t_all$Max_like.res <- residuals(Max_like)
t_all$Max_like.res.weigh <- residuals(Max_like)/t_allSDBH2H"k

# Calcul of AIC, R2

AIC(Max_like)

R2 <- 1- sum((t_all$AGB - t_all$Max_like.fit)*2)/sum((t_allSAGB - mean(t_all$AGB))"2)
R2

R2.adjusted <- 1 - (1-R2)*(length(t_allSDBH)-1)/(length(t_all$DBH)-3-1)

R2.adjusted

# Plots:

# Fitted and Obseved

pl <- ggplot(t_all)

pl <- pl + geom_point(aes(x=DBH2H, y=AGB))

pl <- pl + geom_line(cex = 1.5, aes(x=DBH2H, y=Max_like.fit))
pl <- pl + xlab("DBH2H (m3)") + ylab("AGB (kg)") + theme_bw()
pl <- pl + labs(title = "a")

pl =pl + theme(axis.title.y = element_text(size = rel(1.5)))

pl =pl + theme(axis.title.x = element_text(size = rel(1.5)))

pl <- pl + theme(plot.title = element_text(size = rel(1.7)))

pl =pl + theme(axis.text.x = element_text(size=15))

pl =pl + theme(axis.text.y = element_text(size=15))

pl

# Weighted Residuals vs predictied

p2 <- ggplot(t_all, aes(x=Max_like.fit, y=Max_like.res.weigh))

p2 <- p2 + geom_point()

p2 <- p2 + stat_smooth(cex = 1.5, method = "auto", se = FALSE, colour="black")

p2 <- p2 + xlab("Dy doan AGB (kg)") + ylab("Sai s6 c6 trong ) (kg)") + theme_bw()
p2 <- p2 + labs(title = "b")

p2 = p2 + theme(axis.title.y = element_text(size = rel(1.5)))

p2 = p2 + theme(axis.title.x = element_text(size = rel(1.5)))

p2 <- p2 + theme(plot.title = element_text(size = rel(1.7)))
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p2 = p2 + theme(axis.text.x = element_text(size=15))
p2 = p2 + theme(axis.text.y = element_text(size=15))

p2

plot_grid(p1, p2, ncol = 2)

Két qua 1ap mo hinh theo nlme c6 trong s6 khong xét anh hudng viing sinh thi:

> # Develop Model:
> # Combination of varialbe of DBH2H:
> t_al1$DBH2H = (t_al1$DBH/100)A2*t_al1$H

# Moelling
start <- coefficients(Im(log(AGB)~1og(DBH2H), data=t_all))
names(start) <- c("a","b")
start[1]<-exp(start[1])

Max_like <- nlme(AGB~a*DBH2HAb, data=cbind(t_all,g="a"),
ixed=a+b~1,

+ -V VVVVVYV

start=start, groups=~g,
weights=varprower (form=~DBH2H))
>
> # Output Model:
> summary(Max_1like)
Nonlinear mixed-effects model fit by maximum Tikelihood
Model: AGB ~ a * DBHZ2HADb
Data: cbind(t_all, g = "a")
AIC BIC TogLik
10445.05 10479.17 -5215.523

Random effects:
Formula: list(a ~ 1, b ~ 1)

Level: g
Structure: General positive-definite, Log-Cholesky parametrization
Stdbev corr
a 3.506221e-03 a
b 1.749664e-06 -0.007

Residual 8.347181e+01

variance function:

Structure: Power of variance covariate

Formula: ~DBHZ2H

Parameter estimates:

power

0.9351279

Fixed effects: a + b ~ 1

value Std.Error DF t-value p-value

a 263.98561 2.777799 966 95.0341 0
b 0.93646 0.005568 966 168.1851 0
Correlation:

a
b 0.253

Standardized within-Group Residuals:
Min Q Med Q3 Max
-2.1723427 -0.7485622 -0.1440077 0.6302289 5.1209316

Number of Observations: 968
Number of Groups: 1
> k <- summary(Max_Tike)$modelstruct$varstruct[1]

>
[1] 0.9351279

172



# Estimated values and Predicted:

t_all$mMax_Tike.fit <- fitted.values(Max_1like)
t_all$Max_Tike.res <- residuals(Max_1like)
t_al1$Max_Tlike.res.weigh <- residuals(Max_1like)/t_al1$DBH2HAk

# Calcul of AIC, R2

AIC(Max_Tike)

[1] 10445.05

> R2 <- 1- sum((t_al1$AGB - t_all$Max_Tike.fit)A2)/sum((t_al1$AGB -
mean(t_al1$AGB))A2)

> R2

[1] 0.8973651

> R2.adjusted <- 1 - (1-R2)*(Tength(t_al1$pBH)-1)/(length(t_al1$DBH)-3-
1

VVVVVVVYV

> R2.adjusted
[1] 0.8970457

Codes 1ap mé hinh AGB = a*(DBH’H)" theo nlme trong R cé trong sé xét anh hwéng cia
vung sinh thai

# Erase memory

rm(list=Is())

# Clean plot window

dev.off()

# Define the working directory

setwd("E:/1 - Bao Huy 2017/Books All/Textbook for Infomatic Statistic/TextbookDataset
Analysis/Dataset")

# Import country data

t_all <- read.table("Du lieu 13 AGB Viet Nam.txt", header=T,sep="\t",stringsAsFactors =
FALSE)

# install.packages

library(ggplot2)

library(nlme)

library(cowplot)

library(gridExtra)

# Develop Model: (Lap mo hinh)
# Combination of varialbe of DBH2H: (Té hop bién DBH2H)
t_all$DBH2H = (t_all$DBH/100)"2*t_all$H

# Modelling (M6 hinh phi tuyén c6 trong s6 va random efect 1a virng sinh thdi (region) theo
nlme)
start <- coefficients(Im(log(AGB)~log(DBH2H), data=t_all))

names(start) <- ¢("a","b")

start[1]<-exp(start[1])

Max_like2 <- nlme(AGB~a*DBH2H"b, data=t_all, fixed=a+b~1, random=a~1,
start=start, groups=~Region, weights=varPower(form=~DBH2H))

173



# Output of Model

summary(Max_like2)

k <- summary(Max_like2)$modelStruct$varStruct[1]
k

# Fittied and predicted values of the model

t_all$Max_like2.fit <- fitted.values(Max_like2)

t_all$Max_like2.res <- residuals(Max_like2)
t_all$Max_like2.res.weigh <- residuals(Max_like2)/t_all$DBH2H"k

# Parameters and random parameters
fixef(Max_like2)

ranef(Max_like2)

coef(Max_like2)

# Calcul of AIC, R2
AIC(Max_like2)

R2 <- 1- sum((t_all$AGB - t_all$Max_like2.fit)*2)/sum((t_allSAGB - mean(t_all$AGB))"2)
R2

R2.adjusted <- 1 - (1-R2)*(length(t_allSDBH2H)-1)/(length(t_all$DBH2H)-3-1)
R2.adjusted

# Plots for Regions

pl <- ggplot(t_all)

pl <- ggplot(t_all, aes(x=DBH2H, y=AGB, pch=Region))

pl <- pl + geom_point(cex=2.5)

pl <- pl + geom_line(cex = 1.5, aes(x=DBH2H, y=Max_like2.fit, linetype=Region))
pl <- pl + xlab("DBH2H (m3)") + ylab("AGB (kg)") + theme_bw()
pl <- pl + theme(legend.title=element_blank())

pl =pl + theme(axis.title.y = element_text(size = rel(1.5)))

pl =pl + theme(axis.title.x = element_text(size = rel(1.5)))

pl <- pl + theme(plot.title = element_text(size = rel(1.7)))

pl =pl + theme(axis.text.x = element_text(size=15))

pl =pl + theme(axis.text.y = element_text(size=15))

pl

# The end

Két qua 1ap mo hinh c6 trong s va xét anh hudng cia viing sinh théi:

# Develop Model:
# Combination of varialbe of DBH2H:
t_al1$DBH2H = (t_al1$DBH/100)A2*t_all1$H

VVVVVYVY

# Modelling
start <- coefficients(Im(log(AGB)~log(DBH2H), data=t_all))
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> hames(start) <- c(a","b™)

> start[1]<-exp(start[1])

>

> Max_like2 <- nlme(AGB~a*DBH2HAb, data=t_all, fixed=a+b~1,
random=a~1,

+ start=start, groups=~Region,

weights=varprower (form=~DBH2H))

v

> # output of Model
> summary(Max_1like2)
Nonlinear mixed-effects model fit by maximum 1ikelihood
Model: AGB ~ a * DBHZ2HAb
Data: t_all
AIC BIC TogLik
10386.39 10410.77 -5188.195

Random effects:
Formula: a ~ 1 | Region
a Residual
Stdbev: 23.62485 80.34504

variance function:

Structure: Power of variance covariate

Formula: ~DBHZ2H

Parameter estimates:

power

0.9294789

Fixed effects: a + b ~ 1

value Std.Error DF t-value p-value

a 264.54585 10.960436 962 24.13643 0
b 0.95104 0.005603 962 169.74914 0
Correlation:

a
b 0.052

Standardized within-Group Residuals:
Min Ql Med Q3 Max
-2.6445682 -0.7396476 -0.1005597 0.5979435 4.8975852

Number of Observations: 968
Number of Groups: 5
> t <- summary (Max_1like2) $modelstruct$varstruct[1]

>
[1] 0.9294789
# Fittied and predicted values of the model

t_all$mMax_Tike2.fit <- fitted.values(Max_Tike2)
t_all$mMax_Tike2.res <- residuals(Max_1like2)

VVVVVVVYV

# Parameters and random parameters
fixef(Max_1ike2)

a b
264.5458471 0.9510392
> ranef(Max_1ike2)

a
CH 39.665076
NCC -11.337119
NE -7.840356
ScC 7.534166
SE -28.021766
> coef(Max_Tike2) b
a
CH 304.2109 0.9510392
NCC 253.2087 0.9510392
NE 256.7055 0.9510392

t_all1$Max_Tlike2.res.weigh <- residuals(Max_1like2)/t_al1$DBH2HAk
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SCC 272.0800 0.9510392
SE 236.5241 0.9510392
>

> # calcul of AIC, R2
> AIC(Max_1like2)

[1] 10386.39

>

> R2 <- 1- sum((t_al1$AGB - t_all$Max_Tike2.fit)A2)/sum((t_all1$AGB -
mean(t_al1$AGB))A2)

> R2

[1] 0.9043419

> R2.adjusted <- 1 - (1-R2)*(Tength(t_al1$DBH2H)-

1 /(length(t_aT1$DBH2H)-3-1)

> R2.adjusted

[1] 0.9040442

Két qua thir nghiém xét anh hudng ciia viing sinh thai khéc nhau dén tham sé a ciia md hinh
AGB = a DBH’H" cho thiy, a thay ddi rd rét & cdc viing sinh thai, hay néi khdc ving sinh thdi da
anh huong dén udc tinh AGB qua mé hinh.

Két qua thiét 1ap md hinh power udc tinh AGB theo t6 hgp bién DBHH theo phuong phap
nlme Maximum Likelihood c6 trong s va c6 hay khong c6 anh hudng ciia viing sinh théi (dwoc
trinh bay trong Bang 7.7). Két qua cho thdy, khi ¢ xét viing sinh thai, AIC giam rd rét va R” ting
nhe, c6 nghia, khi dua nhan t6 viing sinh thdi vio mé hinh s& ning cao d¢ tin cdy, giam sai sd khi
udce tinh AGB cho ting vung sinh thai.

Bang 7.7. So sanh sy khac nhau ctia cac mé hinh AGB = f{(DBH, H) c6 hay khdng xét dén anh huéng
clia vung sinh thai

Dang mé hinh Nhén t6 anh hudng Trong s6 AIC Adj. R?
Random effect Weight variable

AGB = ax(DBH’H)" Khong l/(DBH’H)" 10445 0.897

AGB = ax(DBHzH)b Vung sinh thai 1/(DBH2H)]‘ 10386 0.904
(Region)

Hinh 7.27 chi ra md hinh va bién ddng cta sai s0 cua mo6 hinh khi khong xét vung sinh thai,

sai s6 khi rai déu nhung 16n, bién dong -200 dén 200 kg.

a b
4001
7500
ke
=
5 "3 2001
S 5000 o
m =
2 g
-
w
2500 s 0
[
0 2001 ;
0 10 20 30 0 2000 4000 6000
DBH2H (m3) Duw doan AGB (kg)

Hinh 7.27. M6 hinh AGB = axDBH?H® khong c6 &nh hwédng vung sinh thai: a) M6 hinh véi gia tri quan sét;
b) Sai s0 ¢ trong so theo dw doan
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Bang 7.8 trinh bay két qua cic tham s ctia mo hinh thay d6i theo viing sinh thai va Hinh 7.28
1a d6 thi ctia mo hinh theo 5 viing sinh théi.

Bang 7.8. Cac tham sb va kich thwdc mau clia md hinh AGB=ax(DBH’H) cé hay khong xét anh hudng
clia vung sinh thai

Nhan t anh ~ Ving sinh thai Tham s6 S6 cay mau
hudng
Random a b
Effect
Khong Chung 264.54585 0.95104 968
Tay Nguyén 304.2109 0.95104 222
Biéc Trung Bo 253.2087 0.95104 311
I‘Z;’;g sinh pang Béc 256.7055 0.95104 215
Nam Trung B9 272.0800 0.95104 110
DPong Nam B 236.5241 0.95104 110
7500
~
.7

- CH
= NGO
- NE
== sCC
& SE

5000

AGB (kg)

2500

0 10 20 30
DBH2H (m3)

Hinh 7.28. AGB=ax(DBH2H)® theo 5 viing sinh thai: CH: Tay Nguyén, NCC: Bic Trung Bo, NE: Pong Béc,
SCC: Nam Trung B¢ va SE: bong Nam

7.8 Phwong phap so sanh va tham dinh chéo cac mé hinh
(Cross validation)

7.8.1 Tham dinh chéo dé Iwa chon va danh gia sai s6, do tin cay cua cac
mo hinh

Trong thiét lap va stir dung cdc mo hinh, viéc lya chon mo6 hinh tb1 wu, véi d9 tin cdy cao, hoac
cung cap thong tin sai s6 ciia mo hinh da thiét 1ap mot cach khach quan va chinh x4c 1a mot noi
dung vo cling quan trong trong khoa hoc mé hinh héa. T ddy da hinh thanh mét linh vuc thong ké
chuyén dé 1a “Tham dinh chéo — Cross Validation”. Moore (2017) di chi ra cdc phuong phap tham
dinh chéo (Cross-Validation) cic mo hinh nhim phat hién va phong tranh vi¢c thiét lap va lya chon
cdc mo hinh c6 sai 1&ch 16n so voi thuc té (overfitting). Cac chi tiéu dung dé so sdnh nhim Iya chon
céc mo hinh chu yéu la AIC, R%; va céc sai s6 thuong dugc dp dung khi tham dinh chéo la Bias%,
RMSE%, MAPE% (Mayer et al, 1993; Zhang, 1997; Chave et al, 2005; Basuki et al, 2009;
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Temesgen et al. 2014; Huy et al, 2016a,b,c). Ngoai ra, Picard va Cook (1984) ciing chi ra ré'lng,
thim dinh chéo ngoai viéc xdc dinh sai s6, tranh cho mo hinh du doén sai 1éch véi thyc té thi né
con gitp cho viéc lya chon cic bién sb thich hop cho md hinh; vi dy, khi udc tinh AGB & mdt vung
sinh théi cu thé thi cAn bién s6 nao trong céc bién s6 nhu DBH, H, WD va CA dé md hinh ¢6 d tin
cdy tot nhat?.

Cic phin mém théng ké chuyén nghiép nhu SPSS, Statgraphics chi cung cap cdc sai s6 ciia
mb hinh so véi dit liéu 1ap md hinh ma lai khong cung cap cong cu dé tinh todn sai s6 theo phurong
phap tham dinh chéo, trong khi d6, phin mém mi ngudén mo R 1a co hoi tdt cho viée 4p dung tham
dinh chéo cac m6 hinh mot cach linh hoat.

7.8.2 Phwong phap truyen thong Str dung dir liéu déc lap dé so sanh
va thadm dinh sai s6 mé hinh

Trong khoa hoc mé hinh héa truyén thong, viéc ddnh gid sai s6 clia cdc md hinh thudng tién
hanh bang cich sir dung mot bo dir liéu doc 1ap dé danh gid sai s6 ctia md hinh da thiét 1ap, hodc c6
thé phan chia ngiu nhién bo dir liéu thanh hai phan, phan mét diing dé 1ap cac md hinh va mot phin
khic dung dénh gid sai s6 ctia md hinh.

Céc sai s6 ciia cic mo hinh dugc tinh toan bao gdm % sai léch giita quan sat va dy bdo qua
mb hinh (Bias %), sai sd trung phuong trung binh % (Root Mean Square Error - RMSE %), va sai
) tuyét dbi trung binh % (Mean Absolute Percent Error - MAPE) (Mayer et al., 1993; Chave et
al., 2005; Basuki et al., 2009; Swanson et al., 2011; Huy et al., 2016a,b):

100 n D=7 (7.50)

Bias % = Vi~ Vi

—~ )

(7.51)

1 c Yi _yl

0fy — _

RMSE % nz:( )

(7.52)

n
100 — 7
MAPE % — ] zlyl b

Trong d6 n 1a s6 cAy miu doc 1ap diing dénh gid; va y; va ; 1a gid tri quan st va wdc tinh
qua md hinh.

Thir nghiém 4p dung phuong phap tham dinh sai s6 m6 hinh: AGB = ax DBH’HWD". Tit bo
dir licu 110 cay mAu sinh khéi & ving Nam Trung B (Dit liéu 11). Uéc lwgng mo hinh bé'lng
phuong phap phi tuyén Maximum Likelihood nlme c6 trong sé Weight = I/DBH2HWD" trong R.
Phan chia dit liéu ngau nhién 1am hai phan: 80% cho lap mé hinh va 20% cho danh gia sai s ciia
céc mo hinh trong R, thyc hién viéc phan chia ngiu nhién dén 200 1dn bang codes trong R nhu sau:
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Codes phan chia bj dir liéu ngiu nhién 200 lan thanh 2 phan: 80% cho 1ap mé hinh (t_eq)
va 20% cho danh gia mo hinh (t_va):

# Erase memory

rm(list=Is())

# Import data from a .txt file

setwd("E:/1 - Bao Huy 2017/Books All/Textbook for Infomatic Statistic/TextbookDataset
Analysis/Dataset")

t <- read.table("Du lieu 11 AGB QNam .txt", header=T,sep="\t",strings AsFactors = FALSE)

# Combination of Variables
t$DBH2H <- (t$DBH/100)"2*t$H
t$DBH2HWD <- t$DBH2H*t$WD*1000

# Selection of random sample tress (80% for equation development and 20% validation) (Phan
chia ngau nhién thanh hai bo dit liwwuj 80%/20% s6 cdy ngau nhién 200 lan:
for(i in 1:200){
t_va <- t[sample(nrow(t), length(t$AGB)/5), ]
t_eq <- t{'t$ID %in% t_va$ID, ]
}

str(t_va)
View(t_va)
length(t_va$AGB)

str(t_eq)
View(t_eq)
length(t_eq$AGB)

# Sub_Table for Equation development (t_eq) and validation (t_va) (Ghi lai hai file dir liéu dung
l1ap va danh gida md hinh:

write.table(t_eq, file="t_eq.txt", sep="\t",dec=".", row.names= FALSE)

write.table(t_va, file="t_va.txt", sep="\t",dec=".", row.names= FALSE)

Trén co s& phan chia thanh hai bg dit 1iéu, st dung bd dit li¢u 80% (t_eq) dé lap md hinh theo
chuong trinh nlme c6 trong sd trong R nhur sau.

Codes 14p md hinh AGB = a* DBH’HWD" theo nlme c6 trong sb v6i 80% dir li¢u va cac chi
tiéu thong ké:

# Erase memory

rm(list=Is())

# Clean plot window

dev.off()

# Define the working directory

setwd("E:/1 - Bao Huy 2017/Books All/Textbook for Infomatic Statistic/TextbookDataset
Analysis/Dataset")

179



# Import data

t <- read.table("t_eq.txt", header=T,sep="\t",stringsAsFactors = FALSE)
# Install.packages ggplot2 and nlme

library(ggplot2)

library(nlme)

library(cowplot)

# Model nlme with weight

start <- coefficients(Im(log(AGB)~log(DBH2HWD), data=t))

names(start) <- c¢("a","b")

start[1]<-exp(start[1])

Max_like <- nlme(AGB~a*(DBH2HWD)"b, data=cbind(t,g="a"), fixed=a+b~1,
start=start, groups=~g, weights=varPower(form=~DBH2HWD))

# Outputs of the model

summary(Max_like)

k <- summary(Max_like)$modelStruct$varStruct[1]

k

t$Max_like.fit <- fitted. values(Max_like)

t$Max_like.res <- residuals(Max_like)

t$Max_like.res.weigh <- residuals(Max_like)/t$DBH2HWD"k

# Calcul of AIC, R"2

AIC(Max_like)

R2 <- 1- sum((t$AGB - t$Max_like.fit)*2)/sum((t$AGB - mean(t$AGB))*2)
R2

R2.adjusted <- 1 - (1-R2)*(length(t$DBH)-1)/(length(t$DBH)-3-1)
R2.adjusted

# The end

Keét qua 1ap mo hinh véi 80% dir liéu:

# Model nlme

start <- coefficients(Im(log(AGB)~1og(DBH2HWD), data=t))
names(start) <- c("a","b")

start[1]<-exp(start[1])

Max_Tike <- nTme(AGB~a* (DBH2HWD)Ab, data=cbind(t,g="a"), fixed=a+b~1,
start=start, groups=~g,
weights=varpPower (form=~DBH2HWD))
>
> # outputs of the model
> summary(Max_1ike)
Nonlinear mixed-effects model fit by maximum 1likelihood
Model: AGB ~ a * (DBH2HWD)Ab
Data: cbind(t, g = "a")
AIC BIC TogLik
886.9901 904.3314 -436.495

+VVVVVYyV

Random effects:

Formula: list(a ~ 1, b ~ 1)

Level: g

Structure: General positive-definite, Log-Cholesky parametrization

180



StdbDev corr
a 9.864677e-06 a
b 1.703723e-06 -0.992
Residual 1.557526e-01

variance function:
Structure: Power of variance covariate
Formula: ~DBH2HWD
Parameter estimates:
power
0.9331245
Fixed effects: a + b ~ 1

value Std.Error DF t-value p-value

a 0.6323179 0.04391993 86 14.39706 0
b 0.9516968 0.01094225 86 86.97450 0
Correlation:

a
b -0.939

Standardized within-Group Residuals:
Min Ql Med Q3 Max
-3.08744021 -0.56655763 -0.04305784 0.42117832 3.02727329

Number of Observations: 88

Number of Groups: 1

>

> k <- summary(Max_1like)$modelstruct$varstruct[1]

>
[1] 0.9331245

t$Max_Tike.fit <- fitted.values(Max_11ike)
t$Max_Tike.res <- residuals(Max_1like)
t$Max_Tlike.res.weigh <- residuals(Max_Tike)/t$DBH2HWDAk

# calcul of AIC, RA2
AIC(Max_Tike)
1] 886.9901

R% <- 1- sum((t$AGB - t$Max_like.fit)A2)/sum((t$AGB - mean(t$AGB))A2)
R

[1] 0.958051

> R2.adjusted <- 1 - (1-R2)*(Tength(t$pBH)-1)/(length(t$DBH)-3-1)

> R2.adjusted

[1] 0.9565529

VVV/AVVVVYVVYV

Két qua c6 md hinh: AGB = 0.63231x(DBH’HWD)**'®
Véin = 88, R = 0.957, cdc tham s6 ton tai v&i p-value = 0; AIC = 887.0

Pem md hinh vira thiét 1ap 4p dung v6i 20% dir lidu doc 1ap dé tinh cdc sai s6 ctia mo hinh.
Thyc hién trong R nhu sau:

Code tinh céc sai s6 tir 20% dir li¢u ngiu nhién doc 1ap

# Erase memory

rm(list=Is())

# Clean plot window

dev.off()

# Define the working directory (change \ with / using Edit>Find)

setwd("E:/1 - Bao Huy 2017/Books All/Textbook for Infomatic Statistic/TextbookDataset
Analysis/Dataset")

# Import country data from t_EBLF

t <- read.table("t_va.txt", header=T,sep="\t",stringsAsFactors = FALSE)
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# Prediction of Model (Dy dodn AGB qua m6 hinh)
AGBpre = 0.63231*$DBH2HWD”0.95169

# Bias and RSME and MAPE%

Bias <- 100*mean((t$AGB - AGBpre)/t$AGB)

RMSE <- 100*sqrt(mean(((t$AGB - AGBpre)/t$AGB)~2))
MAPE <- 100*mean(abs(t$AGB - AGBpre)/t$AGB)

Bias

RMSE

MAPE

# Plot Model vs validation data

p3 <- ggplot(t)

p3 <- p3 + geom_point(pch=19, cex=4,aes(x=DBH2HWD, y=AGB))
p3 <- p3 + geom_line(cex=1.5,aes(x=DBH2HWD, y= AGBpre))

p3 <- p3 + xlab("DBH"2HWD (kg)") + ylab("AGB (kg)") + theme_bw()
p3 <- p3 + theme(legend.title=element_blank())

p3 = p3 + theme(axis.title.y = element_text(size = rel(1.5)))

p3 = p3 + theme(axis.title.x = element_text(size = rel(1.5)))

p3 <- p3 + theme(plot.title = element_text(size = rel(1.7)))

p3 = p3 + theme(axis.text.x = element_text(size=15))

p3 = p3 + theme(axis.text.y = element_text(size=15))

p3

# The end

Két qua tinh sai s6 md hinh: AGB = 0.63231x(DBH°HWD)"”™ tit 20% dit liéu ngau nhién doc
lap:

> # Prediction of Model

> AGBpre = 0.63231*t$DBH2HWDAQ.95169

>

> # Bias and RSME and MAPE%

> Bias <- 100*mean((t$AGB - AGBpre)/t$AGB)

> RMSE <- 100*sqrt(mean(((t$AGB - AGBpre)/t$AGB)A2))
> MAPE <- 100*mean(abs(t$AGB - AGBpre)/t$AGB)
>

> Bias

[1] -5.990722

> RMSE

[1] 25.95349

> MAPE

[1] 21.90881
Mo hinh: AGB = 0.63231x(DBH’HWD)"*'% ¢6 sai s6 tir 20% dit liéu doc lap:

Bias = - 5.99 kg, RMSE% = 25.95% va MAPE =21.91%

Tiép tuc 4p dung phuong phép 1ap va tham dinh sai s6 twong ty nhu trén vi mé hinh wdc tinh
AGB chi v6i mot bién s6 don gian DBH, tir d6 so véi mé hinh t6 hop 3 bién s6 (DBH?HWD) trong
Bang 7.9.
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Cac md hinh dy dodn so voi 20% dir liéu rit ngau nhién ding danh gid sai s6 thé hién ¢ Hinh
7.29. T hinh nay cho thiy, mo hinh véi ba bién s6 dau vao (DBH’HWD) d cai thién duoc sai s6
s0 v&i md hinh mot bién DBH. Diéu nay ciing phit hop véi két qua so sanh & Bang 7.9. Mb hinh t6
hop ba bién DBH*’HWD c6 AIC va céc sai s6 bé hon mo hinh chi mét bién sé DBH. Hay néi khac,
khi ting bién s dau vao H va WD da cai thién dang ké do tin ciy cia md hinh. RMSE ctia mé hinh
3 bién s da giam gan 20% so voi md hinh mét bién sb.

Bang 7.9. So sanh va thdm dinh sai sb cia hai mé hinh AGB = f(DBH) va AGB = f(DBH?HWWD)
theo phwong phap st dung di liéu déc lap

Chi tiéu théng MO0 hinh

ke, sai s0 AGB = 0.10658x DBH****% AGB = 0.63231x(DBH’HWD)"%'%
R’ 0.937 0.957
AIC 895.0 887.0
Bias (kg) -14.7 -5.99
RMSE % 447 25.95
MAPE % 30.8 21.91

Ghi chii: M6 hinh va R’, AIC dwoc tinh tir 80% dir liéu doc ldp; cdc sai sé Bias, RMSE,
MAPE duoc tinh tir 20% dir liu riit ngau nhién va doc ldp voi div liéu ldgp mé hinh.

AGB = f(DBHZHWD) AGB = f(DBH)
20001 20004
o . o .
= . = .
m 1 m 1
o) 1500 o) 1500
<L <L
® 10007 ® 10001
c c
(] (]
8 8
500+ - * 5001 . *
01 01
0 500 1000 1500 2000 0 1000 2000
a) Dy doan AGB (kg) b) Dy doan AGB (kg)

Hinh 7.29. Db thj quan hé gitra gia tri AGB du doan qua mé hinh véi AGB quan sat clia 20% di liéu ngau
nhién thdm dinh doc 1ap. a) AGB = 0.63231x(DBH?HWD)®%'®; b) AGB = 0.10658xDBH**¢°%

Phuong phéap thim dinh sai sb truyén théng st dung dir liéu doc lap dé so sanh va thim dinh
sai s6 md hinh c¢6 han ché rat 16n 1a sai s6 dugc xdc dinh mot 1dn cho mot bo dir lidu doc 1ap nhat
dinh, vi vy, sai s6 c6 thé khic di néu 4p dung theo mot bo dir liéu doc 1ap khéc. Vi vdy, né thuong
khong cung cép chinh xdc sai s6 trong moi truong hop tng dung. Do d6, cic phuong phap thim
dinh chéo cdc mé hinh cin dugc xem xét dp dung dé cung cép sai s6 on dinh.

7.8.3 Phwong phap tham dinh chéo sai s6 - Leave-One-Out Cross
Validation (LOOCV)

Gia st ¢6 n dit liu, thi v4i phuong phdp LOOCYV s€ st dung n-1 dit lidu 18p m6 hinh va 1 di
lidu doc 1ap diing dé dénh gid sai sd, 1ap lai nhu vAy véi n 1an 1ap md hinh va ddnh gid sai sd, véi
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sai s6 mdi 1an dugc tinh tir mot dir liéu doc 1ap khong tham gia 1ap md hinh, sau d6 1iy trung binh
(Moore, 2017). Trén co sé sai sb s& Ira chon dugc md hinh cé sai s6 bé nhét va cung cép sai s6
chinh xé4c.

Phuong phdp nay thi moi dit liéu déu tham gia 1ap mé hinh hodc diing dé tinh sai s6. Tuy vay,
sai s6 ctia mdi 1an dugc tinh tir mot dir lidu cé thé 1é, trong khi d6 thuc té sai s khi 4p dung mod
hinh thuong cho mét quan thé véi nhiéu dir lidu.

Vi du theo Moore (2017) ¢ Hinh 7.30, ¢6 9 dir liéu, mdi lan loai mot dir li€u khi 1ap mo6 hinh
va st dung dir liéu loai ra d6 dé tinh sai s6 theo md hinh vira lap, ldp lai nhu vay 9 lan va tinh sai s6
trung binh. Vi du nay ciing vé6i 9 dit liéu, thir 1ap hai loai m6 hinh Ia tuyén tinh va parabol bac 2 va
4p dung LOOCYV dé so sanh sai s6 MSE (Sai s6 trung phuong). Két qua cho thdy mo hinh tuyén
tinh c6 MSE = 2.120 trong khi ¢6 m6 hinh Quadratic c6 MSE= 0.962. Nhu vy m6 hinh Quadratic
1a phit hop hon va sai s6 ctia n6 14 0.962 cho moi trudng hop dit liéu.

| ° * Fork=1to R

. . 1. Let (x,.y,) be
. . . the ki
T . I . T o record
vl - Tyl vyl . . 2. Temporarily
remove
(X ¥ from

the dataset
X X X

3. Train on the

remaining
. . o R-1

* ° M datapoints

T : . T * . 1 - . 4. Note your
vl c Y. = y|. > error (XY,
When you've
done all points,

x—> x—> x— report the mean
error.

Fork=1to R
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T . T . T record

y| - -yl <t ylA . 2. Temporarily
remove
(X,.y,) from
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Yl » Ny e -yl . &ITOr (X, Vi)
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error.

b) x> x> x>

Hinh 7.30. Tham dinh chéo hai m6 hinh tuyén tinh va Quadratic theo phwong phap LOOCV véi 9 dir liéu,
st dung sai s0 trung phuong MSE trung binh dé so sanh. a) Tham dinh mé hinh dang tuyén tinh;
b) Tham dinh mé hinh dang ham béac 2 Quadratic cho. (Nguén: Moore, 2017)
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Céch tinh céc sai s6 twong ddi khi 4p dung LOOCV:

100 ) (7.53)
Bias (%) = —zu
n i Yi
=1
(7.54)
150 fyi = 902
RMSE (%) = 100 —Z(YI YI)
N & Vi
1=1
(7.55)

L
100 =T
MAPE (%) = zlyl Wl
n ~ Vi

Trong d6, L 12 s6 1an Idp lai tinh sai s6, mdi lan st dung mét dit lidu doc 1ap dé tinh sai s6 mod
hinh (L=n dit liéu); y; va J; 1a gié tri quan sdt va du dodn qua md hinh.
Trén co s¢ Dit liéu 11 ciia 110 cAy mau sinh khéi viing Nam Trung B9, minh hoa 4p dung

phuong phip LOOCV dé so sanh va danh gid sai s6 ctia hai md hinh uéc tinh AGB: AGB =
axDBH" va AGB = axDBH HWD'.

Str dung phin mém ma ngudn mé R dé lap mo hinh theo nlme va tinh todn cic chi tiéu thong
ké so sénh va sai s6 cac md hinh theo phuong phéap thim dinh chéo LOOCV nhu sau:

Codes trong R dé thiét 1ap mé hinh theo nlme cé trong s6 va tham dinh chéo LOOCV md
hinh: AGB = axDBH’HWD®

# Erase memory

rm(list=Is())

# Clean plot window
dev.off()

# Define the working directory
setwd("E:/1 - Bao Huy 2017/Books All/Textbook for Infomatic Statistic/TextbookDataset
Analysis/Dataset")

# Import data

t <- read.table("Du lieu 11 AGB QNam .txt", header=T,sep="\t",strings AsFactors = FALSE)
# Combination fo variables:

t$DBH2HWD = (t$DBH/100)*2*t$H*t$WD*1000

length(t$DBH)

# Using ggplot2 and nlme - install.packages("ggplot2") nlme
library(ggplot2)
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library(nlme)
library(cowplot)

# Randomly shuffle the data
t <- t[sample(nrow(t)),]

# Create equally size folds = 1
folds <- cut(seq(1,nrow(t)),breaks=length(t$DBH),labels=FALSE)

AIC = rep(0, length(t$DBH))
R2adj = rep(0, length(t$DBH))
Bias = rep(0, length(t$DBH))
RMSE = rep(0, length(t$DBH))
MAPE = rep(0, length(t$DBH))

# Perform LOOCYV cross validation: AGB = a*DBH2HWD”"b
for(i in 1:length(t$DBH)){
# Segement the data by fold using the which() function
testindexes <- which(folds==i,arr.ind=TRUE)
n_va <- t[testIndexes, ]
t_eq <- t[-testIndexes, ]

# Modelling AGB = a*DBH2HWD"b

start <- coefficients(Im(log(AGB)~log(DBH2HWD), data=t_eq))
names(start) <- ¢("a","b")

start[1]<-exp(start[1])

Max_like <- nlme(AGB~a*DBH2HWD"b, data=cbind(t_eq,g="a"), fixed=a+b~1,
start=start, groups=~g, weights=varPower(form=~DBH2HWD))

# Outputs of the model

k <- summary(Max_like)$modelStruct$varStruct[1]

k

t_eq$Max_like.fit <- fitted. values(Max_like)

t_eq$Max_like.res <- residuals(Max_like)

t_eq$Max_like.res.weigh <- residuals(Max_like)/t_eq$DBH2HWD"k

# Calcul of AIC, R2,

AIC[i] = AIC(Max_like)

R2 <- 1- sum((t_eq$AGB - t_eq$Max_like.fit)"2)/sum((t_eq$ AGB - mean(t_eq$ AGB))"2)
R2.adjusted <- 1 - (1-R2)*(length(t_eq$DBH)-1)/(length(t_eq$DBH)-3-1)

R2adj[i] = R2.adjusted

# Prediction and Errors

n_va$Pred <- predict(Max_like, newdata=cbind(n_va,g="a"))
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Bias[i] <- 100*mean((n_va$AGB - n_va$Pred)/n_va$AGB)

RMSE[i] <- 100*sqrt(mean(((n_va$AGB - n_va$Pred)/n_va$AGB)"2))
MAPE][i] <- 100*mean(abs(n_va$AGB - n_va$Pred)/n_va$AGB)
}

i

# Model fitting statistics:
mean(AIC)

mean(R2adj)

mean(Bias)

mean(RMSE)

mean(MAPE)

hist(Bias)

hist(RMSE)

hist(MAPE)

hist(Bias, main = paste("", ""), xlab = "Bias cia md hinh AGB = a*DBH2HWWD"b", ylab =
"Tan sé",cex.lab=2, cex.axis=2, cex.main=2, cex.sub=2)

# The end

Két qua tinh todn cdc chi tiéu thong ké va cic sai s6 ciia md hinh: AGB = axDBH" theo phuong
phéap LOOCV:

> # Model fitting statistics:
> mean(AIC)
[1] 1109.031
> mean(R2adj)
[1] 0.9335493
>

> mean(Bias)
[1] -7.856362
> mean (RMSE)
[1] 22.88872
> mean (MAPE)
[1] 22.88872

> hist(Bias)

> hist(RMSE)

> hist(MAPE)

> hist(Bias, main = paste("", ""), xTab = "Bias cta mé hinh AGB=
a*DBHAb", ylab = "Tan sg"

Két qua tinh todn cdc chi tiéu thong ké va céc sai s6 ciia mo hinh: AGB = axDBH2HWD" theo
phuong phap LOOCV:

> # Model fitting statistics:
> mean(AIC)

[1] 1088.982

> mean(R2adj)

[1] 0.9531261

>

> mean(Bias)
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[1] -5.882556

> mean (RMSE)

[1] 19.68456

> mean (MAPE)

[1] 19.68456
hist(Bias)

hist (RMSE)
hist(MAPE)
hist(Bias, main
*DBH2HWWDADb", y1

VVoVVVYV

# The end

ab

paste(

"oy xTab = "Bias cia m6 hinh AGB =
"Tan sé")

Cic két qua minh hoa doc lap va thAm dinh cdc md hinh AGB theo phuong phip LOOCV
dugc tong hop trong Bang 7.10. Két qua nay cho thay md hinh t6 hgp ba bién DBH*HWD c6 d¢ tin

cdy cao hon (AIC bé hon va R? cao hon) va cac sai s0 déu nho hon so véi mo hinh AGB chi véi

mot bién s6 DBH.

Bang 7.10. So sanh va thdm dinh chéo LOOCV hai mé hinh AGB = f(DBH) va AGB = f(DBH’HWWD)

Chi ti€u thdng k&, Mo hinh

sai s AGB = axDBH" AGB = ax(DBH’'HWD)"
R’ 0.934 0.953
AIC 1109 1089
Bias (kg) -7.86 -5.88
RMSE % 22.89 19.68
MAPE % 22.89 19.68

Ghi chii: Mé hinh va R?, AIC duoc tinh tir n-1 dir lidu déc ldp; cdc sai sé Bias, RMSE, MAPE
duoc tinh trung binh n lan tir mot di lidu rit doc lap.

lan so
10 20 30 40 30

0

— [

250  -150

50 0

50

Bias ctia mé hinh AGB= a*DBH"b

lan so
10 20 30 40 50

0

—

200 -150 -100 -50 0 50
Bias cGia md hinh AGB = a*DBH2HWWD"b

Hinh 7.31. Phan b6 tan sé Bias ctia hai mé hinh AGB theo phwong phap LOOCV

Hinh 7.31 cho thiy phin bd Bias ctia hai mé hinh dugc tham dinh theo phuong phip LOOCV
c6 xu hudng léch phai va chua tiém can chuan. Diy la nhuoc diém cta phuong phip thim dinh
chéo LOOCYV, do chi tinh sai s6 cua ting cé thé, trong khi d6, thuc té dé sai sé tiém cén chuén thi

mdi 1an rit miu d4nh gid cAn c6 s6 miu du 16n. Diéu ndy cling 12 han ché ctia phuong phéip
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LOOCYV trong g dung, vi trong thyc té sai sé khong tinh cho tirng c4 thé ma cho mot & mau,
hodc 1am phan.

7.8.4 Phwong phap tham dinh chéo sai sé k-fold Cross Validation

Phuong phdp nay phan chia n dir liéu thanh k phan bang nhau (k-fold), mot phan dir liéu
khong tham gia 1dp md hinh dung dé danh gi sai s6, trong khi d6 k-1 phan dir liéu dung lap md
hinh. Tién hanh I4p lai nhu vy k lan, mdi 1an 14y mot phan dit liéu khdc nhau dé tham dinh mé
hinh va tinh sai sé trung binh tir k 1an lip (Moore, 2017).

Khi k = n dir li€u quan sat thi phuwong phap k-fold sé tré thanh phuong phap LOOCYV, vi vay,
thong thuong dé dir liéu danh gid > 1, trong k-fold c¢6 k > n, thuong k = 5, 10.

Phuong phép nay thi moi dir liéu déu tham gia 1ap mo hinh hodc ding dé tinh sai s6. Sai s6
clia mdi lan dénh gia dugc tinh tir mot bo dir lidu doc 1ap, cich tiép can nhu vy gan giii khi dp
dung cho mdt quan thé v&i nhidu dit liéu. Tuy nhién, s6 1an lap lai dé danh gid thuong khong du 1on
(k = 10) nén sai sb c6 thé chua 6n dinh va chua tiém cin chuén.

Hinh 7.32 Ia vi du 4p dung k-fold dé danh gia sai s MSE ciia hai mo hinh tuyén tinh va
Quadratic. C6 9 dit liéu, duoc chia thanh 3 phan (k=3), mot phan c6 3 dit liéu. Mot lan sir dung 2
phan dit liéu (6 dir liéu) dé 1ap mo hinh, mot phan dit liéu doc 1ap (3 dir liéu) dé tinh sai s6. Lap lai
nhu vay k lan (3 lan trong vi du nay), sau d6 tinh sai s6 trung binh cho mdi loai md hinh. Két qua cho
thdy dang tuyén tinh c6 MSE = 2.05 va ham quadratic c6 MSE = 1.11. Nhu vay dang ham Quadratic
1a tot hon véi sai s6 bé hon va sai s6 nay Ia diing cho moi truong hop ctia dit lidu quan sét.

a) b)

Hinh 7.32. Thdm dinh chéo hai mo hinh tuyén tinh va Quadratic theo phwong phap k-fold v&i 9 dir liéu, tao
thanh 3 fold (k=3), st dung sai s trung phuong MSE trung binh dé so sanh. a) Tham dinh mé hinh dang
tuyén tinh; b) Tham dinh m6 hinh dang ham béac 2 Quadratic. (Nguén: Moore, 2017)

Céch tinh cdc sai s6 tuong ddi theo phuong phap k-fold nhu sau:

7.56
K100y — 9 (750
Bias (%) = — E E
k=1 Tl Vi
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(7.57)

n ~l 2

1k 1 =9
RMSE (%):Ez 100 |- (Y1 y‘)
k=1

n .
i=1 Vi

n
1K 100 = %
MAPE (%) = sz = zlyl - 9l
= i=1 !

Trong d6, k 12 s6 phan dif liéu bang nhau dugc phéan chia (k-fold), thuong k = 5-10; n 1a s dir

(7.58)

liéu ddnh gid cua moi lan va y; va ¥; 1a gid tri quan sét va dy doan qua md hinh.

Trén co s¢ Dit liéu 11 ctia 110 cAy mau sinh khéi ving Nam Trung B9, minh hoa 4p dung
phuong phép k-fold dé so sdnh va danh gid sai s6 ciia hai md hinh wéc tinh AGB: AGB = axDBH"
va AGB = axDBH’HWD".

Str dung phan mém ma nguon md R dé 1ap mo hinh theo nlme c6 trong s6 va tinh todn cac chi
tiéu théng ké so sdnh va sai s6 cdc md hinh theo phuong phép tham dinh chéo k-fold véi k = 10
nhu sau:

Codes trong R dé thiét 1ap mé hinh theo nlme cé trong s6 va thAm dinh chéo k-fold (k=10)
mé hinh: AGB = axDBH’

# Erase memory

rm(list=Is())

# Clean plot window

dev.off()

# Define the working directory

setwd("E:/1 - Bao Huy 2017/Books All/Textbook for Infomatic Statistic/TextbookDataset
Analysis/Dataset")

# Import data

t <- read.table("Du lieu 11 AGB QNam .txt", header=T,sep="\t",strings AsFactors = FALSE)
# Combination fo variables:

t$DBH2HWD = (t$DBH/100)"2*t$H*t$WD*1000

length(t$DBH)

# Using ggplot2 and nlme - install.packages("ggplot2") nlme

library(ggplot2)

library(nlme)

library(cowplot)

# Randomly shuffle the data

t <- t[sample(nrow(t)),]

# Create 10 equally size folds

folds <- cut(seq(1,nrow(t)),breaks=10,labels=FALSE)

AIC =rep(0, 10)

R2adj =rep(0, 10)

Bias = rep(0, 10)

RMSE =rep(0, 10)
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MAPE = rep(0, 10)
# Perform 10 fold cross validation: Model AGB = a*DBH”"b
for(iin 1:10){
# Segement the data by fold using the which() function
testindexes <- which(folds==i,arr.ind=TRUE)
n_va <- t[testIndexes, ]
t_eq <- t[-testIndexes, ]
# Modelling AGB = a*DBH”"b
start <- coefficients(Im(log(AGB)~log(DBH), data=t_eq))
names(start) <- ¢("a","b")
start[1]<-exp(start[1])
Max_like <- nlme(AGB~a*DBH"b, data=cbind(t_eq,g="a"), fixed=a+b~1,
start=start, groups=~g, weights=varPower(form=~DBH))
# Outputs of the model
k <- summary(Max_like)$modelStruct$varStruct[1]
k
t_eq$Max_like.fit <- fitted. values(Max_like)
t_eq$Max_like.res <- residuals(Max_like)
t_eq$Max_like.res.weigh <- residuals(Max_like)/t_eq$DBH"k

# Calcul of AIC, R2,
AIC[i] = AIC(Max_like)
R2 <- 1- sum((t_eq$AGB - t_eq$Max_like.fit)"2)/sum((t_eq$ AGB - mean(t_eq$ AGB))"2)
R2.adjusted <- 1 - (1-R2)*(length(t_eq$DBH)-1)/(length(t_eq$DBH)-3-1)
R2adj[i] = R2.adjusted
# Prediction and Errors
n_va$Pred <- predict(Max_like, newdata=cbind(n_va,g="a"))
Bias[i] <- 100*mean((n_va$AGB - n_va$Pred)/n_va$AGB)
RMSE[i] <- 100*sqrt(mean(((n_va$AGB - n_va$Pred)/n_va$AGB)"2))
MAPE][i] <- 100*mean(abs(n_va$AGB - n_va$Pred)/n_va$AGB)
}
i
# Model fitting statistics:
mean(AIC)
mean(R2adj)
mean(Bias)
mean(RMSE)
mean(MAPE)
hist(Bias)
hist(RMSE)
histtMAPE)
hist(Bias, main = paste("","" ), xlab = "Bias (%) cua md hinh AGB = a*DBH"b", ylab = "Tan

14
AN

SO,
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cex.lab=2, cex.axis=2, cex.main=2, cex.sub=2)
# Plots:
# Prediction and Validation data
p <- ggplot(n_va)
p <- ggplot(n_va, aes(x=DBH, y=AGB))
p <- p + geom_point(pch=19,cex=2)
p <- p + geom_line(cex = 1.5, aes(x=DBH, y=Pred))
p <- p + xlab("DBH (cm)") + ylab("AGB (kg)") + theme_bw()
p <- p + labs(title = "AGB = a*DBH”b")
p = p + theme(axis.title.y = element_text(size = rel(1.7)))
p = p + theme(axis.title.x = element_text(size = rel(1.7)))
p <- p + theme(legend.title=element_blank())
p <- p + theme(plot.title = element_text(size = rel(2)))
p = p + theme(axis.text.x = element_text(size=20))
p = p + theme(axis.text.y = element_text(size=20))

p
# The end

Két qua tinh todn céc chi ti€u thong ké va cdc sai s6 cua md hinh: AGB = axDBH" theo phuong
phép k-fold:

> # Model fitting statistics:
> mean(AIC)

[1] 1008.058

> mean(R2adj)

[1] 0.9329573

>

> mean(Bias)

[1] -7.896921

> mean (RMSE)

[1] 33.06169

> mean (MAPE)

[1] 22.9158

Két qua tinh todn cdc chi tiéu thong ké va céc sai s6 ciia mo hinh: AGB = axDBH2HWD” theo
phuong phéap k-fold:

> # Model fitting statistics:
> mean(AIC)
[1] 989.9389
> mean(R2adj)
[1] 0.9520122
>

> mean(Bias)
[1] -6.062977
> mean (RMSE)
[1] 27.18281
> mean (MAPE)
[1] 19.72642

Cic két qua minh hoa 1ap va thim dinh cdc mo hinh AGB theo phuong phép k-fold duoc tong
hop trong Bang 7.11. Két qua nay cho thdy, md hinh t6 hop ba bién DBH*HWD c6 d¢ tin cdy cao
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hon (AIC bé hon va R? cao hon) va céc sai s0 déu nhé hon so véi md hinh AGB chi véi mét bién

s6 DBH. Két qua dp dung phuong phap thim dinh chéo k-fold 1a dong nhit véi LOOCV & trén.

Bang 7.11. So sanh va thm dinh chéo k-fold (k=10) hai md hinh AGB = f(DBH) v& AGB = f(DBH?HWWD)

Chi tiéu théng ké, sai Mo hinh

50 AGB = axDBH" AGB = ax(DBH’HWD)"
R’ 0.933 0.952

AIC 1008 990

Bias (kg) -7.89 -6.06

RMSE % 33.06 27.18

MAPE % 22.91 19.73

a)

Ghi chii: M6 hinh va R, AIC dwoc tinh tir k-1 phan dit liéu déc ldp; cdc sai so Bias, RMSE,
MAPE dwoc tinh trung binh k lan.

lan so

40 30 20 -10 0 10
Bias (%) cta mé hinh AGB = a*DBH"b

lan so
1

o [ T T T I 1
40 -30 -20 -10 0 10
Bias (%) cua mé hinh AGB = a*DBH2HWD-

Hinh 7.33. Phan b tan sé Bias: a) va gia tri dw doan qua mé hinh so véi dit liéu danh gia doc lap;

b)

b)

6000

4000
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b) phwong phap k-fold (k=10) clia hai mé hinh
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Hinh 7.31 cho thiy, phan b Bias ctia hai mé hinh dugc thim dinh theo phuong phép k-fold
c6 xu hudng léch phai va chua tiém can chuan. Day la nhuoc diém cta phuong phip thim dinh
chéo k-fold, do s6 lan lai chua du 16n k = 10.

7.8.5 Phwong phap tham dinh chéo sai s6 mé hinh Monte Carlo Cross
Validation

Phuong phép Monte Carlo ding dé thim dinh chéo cdc mo hinh dugc md ta nhu sau: Phan
chia dit liéu ngiu nhién lam 2 phan, mot phan ding dé 1ap md hinh (thuong tir 70 — 80% dit licu) va
mét phan diing dé danh gid sai s6 (thuong tir 20 — 30% dit liéu); c6 trudng hop nhu Zhang (1997)
chia dit liéu 1am hai phan bang nhau. Mdi 1dn nhu vay tinh todn céc chi tiéu thong ké danh gid, so
sdnh cdc m6 hinh nhu AIC, R* va cdc sai s6 khdc nhau nhu Bias%, RMSE%, MAPE%. Tién hanh
lap lai nhur vay R lan dé tham dinh cdc mo hinh va ddnh gid sai sd, cudi cling, gia tri thong ké so
sanh cdc m hinh va sai s6 dugc tinh trung binh tir R 14n; thuong 1a R = 200 1in (theo Temesgen et
al. (2014) va Huy et al. (2016a,b,c)); trong khi d6 Zhang (1997) lap lai Ién dén 500 lan. Nguyén tic
Iya chon sb lan lap lai R 1a dya trén co sé sai sb cia md hinh 6n dinh va c6 phan bd tan sb tiém can
chuan.

Céc sai s twong d6i 4p dung theo phuwong phép thim dinh chéo Monte Carlo véi R 14n lap lai
ng?lu nhién nhu sau (Swanson et al., 2011; Huy et al. 2016a,b,c):

(7.59)
Bias (%) = £ LR, X, 20
(7.60)
IR 10 (v = 9y
0) = — Z s J1
RMSE (%) Rzr:1100 n;( " )
(7.61)

R 100 |y1
MAPE (%) = = E - E
r=1

Trong d6, R 1a s6 1an phan chia dit liéu ngau nhién thanh hai phan: 1ap mé hinh (thudng 1a 70-
80%) va danh gid md hinh (thuong 1a 20-30%); n 1a sé dit lidu dénh gid cia mdi lan rit miu

(thudng 1a 20-30% mAu rit ngdu nhién) va y; va ¥; 12 gid tri quan sét va du dodn qua mo hinh.

Phuong phap Monte Carlo cho phép sir dung dir liéu ngau nhién dé 1ap va tinh sai s6 ctia mo
hinh rit khich quan. Ngoai ra vé&i s6 1an lip lai R du 16n thi hiu nhu tat ca cdc dit liéu déu c6 thé
tham gia lap va danh gid mo hinh va c6 1ap lai vi viéc phan chia mau dé 1ap va danh gid mo hinh Ia
¢6 hoan lai. V4i R da 16n thi phan bd cdc chi tiéu théng ké so sanh va cdc sai sd s& tiém can chuin
voi sai s6 trung binh 13 6n dinh. C6 thé néi, day 1a phuong phép cung cap sai s6 khich quan va
chinh x4c cho moi truong hgp cua dit liéu quan sét.

D¢ minh hoa cho 4p dung phuong phap Monte Carlo, thiét 1ap va so sanh, ddnh gid sai sé ciia
hai m6 hinh uéc tinh AGB: AGB = axDBH’ va AGB = axDBH’HWD' trén co s6 Dit lidu 11 cia
110 cAy mau sinh khéi ving Nam Trung Bd.
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Str dung phan mém ma nguon md R d¢ 1ap mo hinh theo nlme c6 trong sé va tinh todn cac chi
tiéu thong ké so sénh va sai s6 cdc md hinh theo phuong phdp tham dinh chéo Monte Carlo. Trong
d6 dir liéu dugc phan chia ngiu nhién véi 80% cho 1ap mo hinh va 20% dé tham dinh, lap lai R =
200 lan.

Codes trong R dé thiét 1ap mé hinh theo nlme cé trong so va tham dinh chéo theo Monte
Carlo md hinh: AGB = ax(DBH’HWD)" v6i 80% dix liéu 1ap mé hinh, 20% danh gia sai so,
1ip R = 200 lin
# Erase memory
rm(list=Is())
# Clean plot window
dev.off()
# Define the working directory
setwd("E:/1 - Bao Huy 2017/Books All/Textbook for Infomatic Statistic/TextbookDataset
Analysis/Dataset")
# Import data
t <- read.table("Du lieu 11 AGB QNam .txt", header=T,sep="\t",strings AsFactors = FALSE)
# Combination fo variables:
t$DBH2HWD = (t$DBH/100)"2*t$H*t$WD*1000
# install.packages("ggplot2")
library(ggplot2)
library(nlme)
library(cowplot)
library(gridExtra)
# Monte Carlo cross validation 200 times, 80% for training, 20% for error
AIC = rep(0, 200)
R2adj = rep(0, 200)
Bias = rep(0, 200)
RMSE = rep(0, 200)
MAPE = rep(0, 200)
for(i in 1:200){

n_va <- t[sample(nrow(t), length(t$AGB)/5), ]

t_eq <- t{'t$ID %in% n_va$ID, ]

start <- coefficients(Im(log(AGB)~log(DBH2HWD), data=t_eq))
names(start) <- ¢("a","b")
start[1]<-exp(start[1])
Max_like <- nlme(AGB~a*DBH2HWD"b, data=cbind(t_eq,g="a"), fixed=a+b~1,
start=start, groups=~g, weights=varPower(form=~DBH2HWD))

# Outputs of the model

k <- summary(Max_like)$modelStruct$varStruct[1]

k

t_eq$Max_like.fit <- fitted. values(Max_like)

t_eq$Max_like.res <- residuals(Max_like)

t_eq$Max_like.res.weigh <- residuals(Max_like)/t_eq$DBH2HWD"k
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# Calcul of AIC, R2,

AIC[i] = AIC(Max_like)

R2 <- 1- sum((t_eq$AGB - t_eq$Max_like.fit)"2)/sum((t_eq$ AGB - mean(t_eq$ AGB))"2)
R2.adjusted <- 1 - (1-R2)*(length(t_eq$DBH)-1)/(length(t_eq$DBH)-3-1)

R2adj[i] = R2.adjusted

# Prediction and Errors

n_va$Pred <- predict(Max_like, newdata=cbind(n_va,g="a"))

Bias[i] <- 100*mean((n_va$AGB - n_va$Pred)/n_va$AGB)
RMSE[i] <- 100*sqrt(mean(((n_va$AGB - n_va$Pred)/n_va$AGB)"2))
MAPE][i] <- 100*mean(abs(n_va$AGB - n_va$Pred)/n_va$AGB)
}
i
# Model fitting statistics:
mean(AIC)
mean(R2adj)
mean(Bias)
mean(RMSE)
mean(MAPE)
hist(Bias)
hist(RMSE)
histtMAPE)
hist(Bias, main = paste("","" ), xlab = "Bias (%) cta mo6 hinh AGB = a*DBH2HWD"b", ylab =
"Tan sd",
cex.lab=2, cex.axis=2, cex.main=2, cex.sub=2)

# Plots:

# Prediction and Validation data

p <- ggplot(n_va)

p <- ggplot(n_va, aes(x=DBH2HWD, y=AGB))

p <- p + geom_point(pch=19,cex=2)

p <- p + geom_line(cex = 1.5, aes(x=DBH2HWD, y=Pred))
p <- p + xlab("DBH2HWD (kg)") + ylab("AGB (kg)") + theme_bw()
p <- p + labs(title = "AGB = a*DBH2HWD"b")

p = p + theme(axis.title.y = element_text(size = rel(1.7)))

p = p + theme(axis.title.x = element_text(size = rel(1.7)))

p <- p + theme(legend.title=element_blank())

p <- p + theme(plot.title = element_text(size = rel(2)))

p = p + theme(axis.text.x = element_text(size=20))

p = p + theme(axis.text.y = element_text(size=20))

p
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Két qua tinh todn cdc chi tiéu thong ké va céc sai s6 ciia mo hinh: AGB = axDBH2HWD" theo
phuong phap Monte Carlo:

> # Model fitting statistics:
> mean(AIC)
[1] 880.5662
> mean(R2adj)
[1] 0.951661
>

> mean(Bias)
[1] -6.018152
> mean (RMSE)
[1] 27.38712
> mean (MAPE)
[1] 19.66181

Két qua tinh todn cdc chi tiéu thong ké va cic sai s6 ciia md hinh: AGB = axDBH" theo phuong
phép Monte Carlo:

> # Model fitting statistics:
> mean(AIC)
[1] 897.5198
> mean(R2adj)
[1] 0.9335265
>

> mean(Bias)
[1] -7.424382
> mean (RMSE)
[1] 34.07336
> mean (MAPE)
[1] 22.9274

Cic két qua minh hoa lap va thim dinh cic md hinh AGB theo phuong phip Monte Carlo
dugc tong hop trong Bang 7.12. Két qua nay cho thdy, md hinh t6 hop ba bién DBH*HWD c6 d6
tin cdy cao hon (AIC bé hon va R* cao hon) va cdc sai s6 déu nho hon so v6i md hinh AGB chi véi
mét bién s6 DBH. Két qua dp dung phuong phadp thim dinh chéo Monte Carlo 12 dong nhét véi
LOOCYV va k-fold ¢ trén.

Bang 7.12. So sanh va thdm dinh chéo theo phwong phap Monte Carlo cho hai mé hinh AGB = f(DBH)
va AGB = f(DBH*HWWD)

Chi tiéu thong k&, Mo hinh

sai 50 AGB = axDBH" AGB = ax(DBH’HWD)"
R’ 0.934 0.952

AIC 898 881

Bias (kg) -7.42 -6.02

RMSE % 34.07 27.39

MAPE % 22.92 19.67

Ghi chii: Mo hinh va R’, AIC dwoc tinh tir 80% dir lidu riit ngcfu nhién; cdc sai sé Bias,
RMSE, MAPE duoc tinh tir 20% dir liéu ddanh gid dwoc rit ngcfu nhién, doéc ldp va trung binh ti
200 lan lai.
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Hinh 7.34. Phan b tan sé Bias: a) va gia tri dw doan qua mé hinh so véi dii liéu danh gia doc lap;
b) phwong phap Monte Carlo ctia hai mé hinh
Hinh 7.34 cho thiy, phan bd Bias cta hai md hinh duoc tham dinh theo phuong phip Monte
Carlo vé6i 200 1an 13p lai tiém can chuan; dic biét 1a mo hinh ¢ ba bién s6 té hop DBH’HWD. Vi
viy, phuong phap Monte Carlo c6 thé xem 1a da cung cap sai s6 on dinh va khach quan ciia mo
hinh so vdi cdc phuong phip thim dich chéo khic.

Bang 7.13. Tdng hop két qua tham dinh chéo md hinh AGB = ax(DBH?HWD)®
theo cac phwong phép khac nhau

Phuong phép thim dinh chéo md hinh

Chi tjéu théng k&, Dir li¢u doc lap LOOCV k-fold Monte Carlo
sai sO

R’ 0.957 0.953 0.952 0.952

AIC 887.0 1089 990 881

Bias (%) -5.99 -5.88 -6.06 -6.02
RMSE (%) 25.95 19.68 27.18 27.39
MAPE (%) 2191 19.68 19.73 19.67

Trong vi du minh hoa cho md hinh sinh khéi, véi két qua tong hop danh gid sai s6 md hinh tot
nhit AGB = ax(DBH’HWD)" theo bon phuong phép khic nhau ¢ Bang 7.13 cho thiy, néu lay két
quéa theo Monte Carlo lam chuan (vi ¢6 sai s6 6n dinh va phan b chudn), thi sai s6 cung cap theo
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phuong phép k-fold 1a kha twong dong, tuy nhién, k-fold cho sai s6 chua c6 phan bb chuan. Trong
khi d6, hai phuong phap diing dir liéu doc 1ap, hoic LOOCYV c6 sai léch sai s RMSE va MAPE va
c6 phan bo sai s6 sai léch. Vi vay, phuong phap Monte Carlo ding thim dinh chéo cdc md hinh s&
cung cép sai s6 on dinh, khach quan khi s6 1an I3p ting 1én du 16n, trong vi du nay Ia 200 lan.

Thir nghiém thay d6i s6 lan lap lai theo phuwong phap Monte Carlo trong tham dinh chéo mo
hinh AGB = ax(DBH’HWD)" dugc 1ap theo phuong phap phi tuyén Maximum Likelihood c6 trong
s6; s6 14n 1ap R thay dbi tir 50, 100, 200, 300 va 500 trén co s¢ Dt liéu 11.

Bang 7.14. So sanh céc chi tiéu théng ke, sai s thdm dinh chéo mé hinh AGB = ax(DBH?HWD)”
theo Monte Carlo v&i s6 lan |ap lai R khac nhau

Chi tiéu }héng S6 1an lap R theo phuong phap tham dinh chéo Monte Carlo
ké, sai sO

50 100 200 300 500
R’. 0.951 0.952 0.952 0.952 0.951
AIC 880 884 880 879 881
Bias (%) -5.20 -5.61 -5.17 -5.65 -5.94
RMSE (%) 28.62 28.43 27.18 28.52 28.01
MAPE(%) 19.58 20.18 19.76 19.91 19.66

Ghi chii: R?, AIC dwoc tinh tir 80% diF liéu riit ngdu nhién; cdc sai so6 Bias, RMSE, MAPE
duoc tinh tir 20% dir liéu ddanh gid duoc riit ngcfu nhién, doc ldp va tinh trung binh tir R lan lgi.
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Hinh 7.35. Phan b Bias ctia mé hinh AGB = ax(DBH?HWD)P theo phwong phap Monte Carlo
v@i s6 lan lap khac nhau
Két qua thir & Bang 7.14 véi s6 1an 1ap R khéc nhau cho thay, voi R = 50 tro 1én thi cdc chi
tiéu thong ké ctia mo hinh (AIC, R%;) va céc sai s6 Bias, RMSE, MAPE di 6n dinh, khong c6 sur
khic biét khi R ting dén 500 lan. Tuy nhién, xét thém phan b ctia Bias & Hinh 7.35 thi, v&i R=50,
100 phan bd ¢6 nhiéu dinh, khi R > 200 lan, dang phan bd ciia Bias da tiém cin chudn. Vi viy, c6
thé néi, trong truong hgp md hinh AGB ¢ viing sinh théi nay, sir dung thim dinh chéo Monte Carlo
voi R = 200 1an 1a hop 1y, cung cip sai s6 6n dinh va c6 phan b6 chudn, phit hop voi nghién ciru
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ctia Temesgen et al., (2014) va Huy et al., (2016a,b,c). Khong nhit thiét lap lai s6 qud 16n (R = 500
1an) nhu Zhang (1997) dé nghi.

Trong trudng hop wdc lugng md hinh theo phuong phap phi tuyén Maximum Likehood c6
trong s6 va c6 xét dén cdc nhan té mdi trudng anh hudng (random effect) (theo chuong trinh nlme
trong R), codes trong R dé tién hanh 4p dung tham dinh chéo theo Monte Carlo c6 su diéu chinh;
duoc viét lai nhu sau:

Codes u6c lwong mod hinh AGB = ax(DBH°HWD)" theo phuong phép phi tuyén Maximum
Likehood c6 trong s6 va c6 xét dén cdc nhan td mdi truong anh huong (random effect) va tham
dinh chéo theo Monte Carlo. Vi 80% dir li€u 1ap mo6 hinh, 20% thim dinh, lap lai R =200 lan:

# Erase memory
rm(list=Is())

# Clean plot window
dev.off()

# Define the working directory
setwd("E:/1 - Bao Huy 2017/Books All/Textbook for Infomatic Statistic/TextbookDataset
Analysis/Dataset")

# Import data

t <- read.table("Du lieu 13 AGB Viet Nam.txt", header=T,sep="\t",strings AsFactors = FALSE)
# Combination fo variables:

t$DBH2HWD = (t$DBH/100)"2*t$H*t$WD*1000

length(t$AGB)

# install.packages("ggplot2")
library(ggplot2)
library(nlme)
library(cowplot)
library(gridExtra)

# Cross Validation Monte Carlo: 80/20%, R =200 times
AIC = rep(0, 200)

R2adj = rep(0, 200)

Bias = rep(0, 200)

RMSE = rep(0, 200)

MAPE = rep(0, 200)

for(i in 1:200){
n_va <- t[sample(nrow(t), length(t$AGB)/5), ]
t_eq <- t{'t$ID %in% n_va$ID, ]

# Develop Model:
start <- coefficients(Im(log(AGB)~log(DBH2HWD), data=t_eq))
names(start) <- ¢("a","b")
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start[1]<-exp(start[1])

Max_like2 <- nlme(AGB~a*DBH2HWD”b, data=t_eq, fixed=a+b~1, random=a~1,
start=start, groups=~Region, weights=varPower(form=~DBH2HWD))

# Outputs of the model

k <- summary(Max_like2)$modelStruct$varStruct[1]

k

t_eq$Max_like2.fit <- fitted.values(Max_like2)

t_eq$Max_like2.res <- residuals(Max_like2)

t_eq$Max_like2.res.weigh <- residuals(Max_like2)/t_eq$DBH2HWD"k

# Calcul of AIC, R2,

AIC[i] = AIC(Max_like2)

R2 <- 1- sum((t_eq$AGB - t_eq$Max_like2.fit)*2)/sum((t_eq$AGB - mean(t_eq$AGB))"2)
R2.adjusted <- 1 - (1-R2)*(length(t_eq$DBH)-1)/(length(t_eq$DBH)-3-1)

R2adj[i] = R2.adjusted

# Prediction of the model for validation
n_va$Pred <- predict(Max_like2, newdata=n_va)

# Calcul of RMSE, Bias, MAPE%:

Bias[i] = 100*mean((n_va$AGB - n_va$Pred)/n_va$ AGB)

RMSE][i] = 100*sqrt(mean(((n_va$AGB - n_va$Pred)/n_va$AGB)"2))
MAPE][i] = 100*mean(abs(n_va$AGB - n_va$Pred)/n_va$AGB)

i

# Model fitting statistics:
mean(AIC)

mean(R2adj)

mean(Bias)
mean(RMSE)
mean(MAPE)

hist(Bias)

hist(RMSE)

histtMAPE)

hist(Bias, main = paste("","" ), xlab = "Bias (%) c???a m6 hinh AGB = a*DBH2HWD"b", ylab
="T??7M s?7?77",

cex.lab=2, cex.axis=2, cex.main=2, cex.sub=2)

# Plots:

# Prediction and Validation data

p <- ggplot(n_va)

p <- ggplot(n_va, aes(x=DBH2HWD, y=AGB))
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p <- p + geom_point(pch=19,cex=2)

p <- p + geom_line(cex = 1.5, aes(x=DBH2HWD, y=Pred))

p <- p + xlab("DBH2HWD (kg)") + ylab("AGB (kg)") + theme_bw()
p <- p + labs(title = "AGB = a*DBH2HWD"b")

p = p + theme(axis.title.y = element_text(size = rel(1.7)))

p = p + theme(axis.title.x = element_text(size = rel(1.7)))

p <- p + theme(legend.title=element_blank())

p <- p + theme(plot.title = element_text(size = rel(2)))

p = p + theme(axis.text.x = element_text(size=20))

p = p + theme(axis.text.y = element_text(size=20))

|y

Két qua céc chi tiéu thong ké va sai s cua md hinh AGB = ax(DBH’HWD)" ¢6 xét anh huéng
vung sinh thdi (random effect) dugc tham dinh chéo theo Monte Carlo, 1dp lai R =200 lan

> mean(AIC)
[1] 7999.769
> mean(R2adj)
[1] 0.9423663
> mean(Bias)
[1] -5.411498
> mean (RMSE)
[1] 27.55405
> mean (MAPE)
[1] 19.19206

Khi 4p dung cdc phuong phdp thim dinh chéo cdc md hinh, sau khi lya chon dugc dang mo
hinh t&i wru va dé tdi uu héa sir dung dit liéu, mé hinh cudi ciing duoc thiét lap dya vao toan bo dir
lidu, tirc 1a khong sir dung mot phin dit liéu dé 1ap mo hinh nhu khi danh gid, thim dinh. Day 13 vu
diém cua cdc phuong phép thim dinh chéo, vi t6i ru héa duoc viée sir dung dit liéu trong xay dung
cidc md hinh, dac biét 1a cdic md hinh voi dir liu kho thu thap, gid thanh cao nhu sinh khéi —
carbon, sinh trudng, ting truéng ciy rimg, 1am phan.

Tién hanh lap md hinh sinh khéi véi toan bo dir li€u va cac chi tiéu théng ké cua mo6 hinh
(AIC, Rzadj,); sai s6 ciia cdc md hinh duoc lay tir két qua dp dung phwong phap Monte Carlo véi
R =200 lan lip (Bang 7.15).

Bang 7.15. Két qua wdc lwong cac mé hinh sinh khéi tir toan bo dir liéu va sai sb tir thdm dinh chéo
theo phwong phap Monte Carlo

MBS hinh Trong s6 (Weight) AIC R’.;  MAPE
(%)

AGB = 0.10959x DBH**"** 1/DBH" 1119 0.934 22.1

AGB = 0.59164x(DBH’HWD)"***” 1/DBH" 1090 0.954 19.7

Ghi chii: M6 hinh va cdc chi tiéu AIC, R’ .4 dwoc thiét ldp tir toan bj dir liéu, sai s6 MAPE
dwoe ldy tir két qua ciia phwong phdp Monte Carlo véi R = 200 lan; k la hé sé ciia ham phwong
sai; P-value cua cdc tham 56 <0.0001.
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Chuong 8

TIN HOC THONG KE CHUYEN DBE

8.1 M6 phéng quy luat phan bé - cau tric rirng, cau tric quan thé

Mo phong dinh lugng cau tric rimg la mét linh vuc quan trong trong khoa hoc 1dm sinh. N6
gitip cho viéc diéu tra quan thé, mo ta phan b, thuc hién cic bién phap k¥ thuat 1am sinh. Dat nén
moéng cho dinh lugng ciu tric rimg Viét Nam la Nguyén Vian Truong (1983), Pong Si Hién
(1974).

Céu tric rimg dinh lugng bao gdm ba kiéu dang chinh: Phin bd sd ciy theo cdp kinh
(N/DBH), phan bd sb cay theo cép chiéu cao hoac theo t?lng tan (N/H) va mang hinh toa d¢ cay
rimg trén mit dét rimg, con goi 1a phan bo trén mit bang.

Tin hoc théng ké hd tro déc luc cho viéc mé ta, dinh lwgong, dy dodn cAu tric rung. St dung
thong ké chi ra dugc quy luat bién ddi clia c4 thé trong quan thé. Quy luat nay con c6 thé md phong
mau theo cic quy luat phan bd 1y thuyét 1am co s& cho viéc udc tinh rong ra cho hé sinh thai rimg.

8.1.1 Sap xép va vé biéu do phan bé tan sé xuat hién theo cap, c&, hang

Phan b6 tan s 1a mot biéu dién sy bién d6i ciia s6 lwgng cé thé, ty 18 ca thé theo mot bién s6
quan sit duoc phan cap. N6 cho chiing ta dir liéu dinh lwong vé phan b cd thé trong quan thé va
quy luat bién doi ctia né. Piéu nay gitip cho viée xir Iy 1am sinh, sinh thdi theo hudng tuan theo céc
quy luat on dinh va bén vitng ciia hé sinh thdi rimg.

Trong nghién ctru xa hoi, nguoi ta can nghién ctru tan s6 phian bd s6 ngudi theo cap tudi dé
biét sy phan bd con nguoi theo cac thé hé dé c6 chién lugc quan Iy ngudn nhan lyc. Trong quan 1y
tai nguyén thién nhién, thuong can nghién ctru sy phan b s6 lugng ca thé loai theo cip tudi, cip
kich thudc dé biét duge quy ludt bién dbi cd thé theo thé hé, theo kich thudc, chét lugng,... 13 co s&
quan 1y, bao ton va dinh huéng khai thic sir dung bén virng. Trong 1Am nghiép, thudng cin sap xép
phan bd s ciy theo ¢& kinh (N/D), sb ciy theo ¢& chiéu cao (N/H), sb ciy theo cip thé tich (N/V),
sO ciy theo loai ciy theo cdc tang rimg, thé hé dé t6 chirc quan 1y diéu ché rimg.

Mot vai dang phin bd thudng duoc nghién clru va dp dung, d6 1a phin bo sb ciy trén ha (N
ciy/ha) theo cap duong kinh ngang nguc (DBH, cm), N theo cip chiéu cao (H, m); s6 cd thé ciia
dong thyc vat theo cap tudi A (ndm). Hinh 8.1 dudi ddy gi6i thiéu phan b tan sé N/DBH va phin
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b tong tiét dién ngang 1am phan BA (m*/ha) BA/DBH cua kiéu rimg tu nhién 14 rong thudng xanh
Viét Nam.

500

400

—BAGI

= BAGI

—

= TNAl

N/ ha
BA (m2/ha)

1004

0 30 80 90 120 0 30 60 90 120
Cép DBH (cm) C&p DBH (cm)

Hinh 8.1. Phan bd s6 cay N (cay/ha) theo cép kinh DBH (cm)(Phai) va phan bé tong tiét dién ngang BA
(m?/ha) theo cip DBH (Trai) cla rirng 14 rong thwong xanh ving Nam Trung Bo. (Huy et al., 2016b)

Trong nghién ctru quy luat phan b tin sd, ¢4 thé, ngudi ta 6 thé thay d6i pham vi mdi cap dé
tiép can duoc quy ludt ctia quan thé va c6 thé md phong bang mot ham todn hoc.

Dé c6 dugc tan s phan bd, st dung chirc ning sip xép bang phan bd tan sé theo mot nhén td
theo tirng cap, hang,... va v& dd thi phin bd trong excel.

Vi dy, ciing tir s6 lidu quan sat rimg trong téch 10 tudi, tién hanh sip xép phan bd thuc nghiém
N/H va vé& biéu db (cap H 1a 2m) trong excel nhu sau:

E3 Microsoft Excel - Phan so Beu gisng day new

ﬂ[le [t Mew Jroerl Fpmel Toos Qe Wodow e Sdobe FOF

DFHa4% SRY tha-d oo QE-HE - B
O & el - - BB sy ETEIE s X, £-ES
-k AP ] o = ad
c2 - 3
A A 1:a <A N 5 . A B C D E F
Nhap s6 li€u chiéu cao vao bang tinh | Bai tap Sép xép tin 55 phan b NH
theo cot (H (m)) 2 | Tirsd libu do d&m H cla cic cAy trongld b chudin
’ 3 Hay sép x8p va vé bibu 36 phan bd NH wii el ly o H = 2m
A Ay A v A ~ 4
Lap mot cOt gidi han trén co H. Vd: | |,

cO 2m. i S&ligu do cao trong rimy trong Tech 10 tudl
] Him) Gidi han trén cd H (m)
g o L1
0 124 12
1 1.0 14
12 143 i1
13 15,0 18
14 14,0 20
15 198 &2
I& 1.2 24
17 18,8 28
18 1 6 Fii]
1% 168 0
20 6.9
21 16,5
2 16,9
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Thyc hién sip xép tan sb: Data/Data

v

Analysis/Histogram Input
, Input Range: $A$1:$A$7 1
Xuat hién hop thoai Histogram, xac dinh: A Cancel
) ) ) ) Bin Range: $C$1:$C%6 0
+ Input range: Khai bdo khéi dit lidu Labels Help
+ Bin range: Khai bdo khoi chira cy ly t6. Output options
, . @® Output Range: SE$T )
+ Label: Chon néu c6 tiéu dé O New Worksheet Bly:
. oa. 2 A A z: : New Workbook
+ Output range: Khai dia chi 6 trén trdi noi ® (it
du,a ra ké't Ué. I:‘ Pareto (sorted histogram)
q Cumulative Percentage
+ Cumulative percentage: Tinh phin trim | chatouten
tan sO tich [y. (Pdnh dau).
+ Chart output: V& bicu d6. (Panh dau
chon).
+ OK.
A B C D E [F G H | J K L -
1
2
3| ]
4 16
5 Gifra cd H (m) Sé cay
6 8 I .
7 10 0 .
8 12 1
9 14 5 10
10 16 10 =
1 18 12 5 "
12 20 15 .
13 22 3
14 24 3 4
15
16 )
17
18
L ’ 8 10 12 14 16 18 20 22 24
;? C&H (m)
i Sheet1 (+\ 4 »

Hinh 8.2. Két quia sap xép phan bé tan sb N/H trong excel

Két qua sap xép tan sd cho duge mot diy dir liéu theo cap va biéu do phan bd. N6 phan anh cu
thé hon dic trung mau va cho thiy hinh anh ciia kiéu dang phin b theo cép, thé hé; tir d6 gitip cho

viéc phén tich quan thé va dua ra quyét dinh quan 1y, sir dung bén vitng. Vi du trong biéu do trén,
sO cy phan héa kha manh theo cip chiéu cao, mot sd ciy sinh truong kém & cp chiéu cao nho 8 —

12m, mét sd ciy vuot tdn c6 cAp H trén 22m; giai phap dé nghi ¢ ddy 1a tia thua, loai bo bot cay
sinh truéng kém c6 H < 12m va c6 thé tia thua mot s6 cdy 16n voi H > 22m dé loi dung trung gian,
liic nay c4 thé s& c6 kich thudc tap trung trong pham vi 14 — 22m va c6 dit khong gian dinh dudng

dé phat trién.
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8.1.2 Kiém tra thuan nhat K mau quan sat dirt quang (rng dung trong
kiém tra sw thuan nhat cua cac day phan bo N/DBH & cac 6 tiéu
chuan, so ca the theo tuoi

Trong thyc té, dé diéu tra danh gid, nghién ciru mot dbi tuong rimg, mot trang théi, diéu tra da
dang sinh hoc; chiing ta thudng rit miu theo 6 tiéu chudn, quan sit cic bay dan, sau d6, gop chung
dé tinh toan. Tuy nhién, c6 kha ning mét s6 6 mau, vi tri quan sit khong nim trong mot trang thai
hodc ciing mot dan, do d6, néu gop chung dé tinh todn trung binh, mé phong céu tric quan thé
chung s& gip sai s6 va bién dong rat 16n, dong thoi khong phan anh ding ddi twong, trang thai
nghién ctru. Do vay, can c6 su kiém tra su thudn nhét cua cic sb liéu ndy & ciac 6 mau, day ) licu
bay dan truéc khi gdp chung dé tinh toan nhu mot tong thé hodc tich nhém thanh cic trang thai,
dan khac nhau.

Trong truong hop nay can ung dung tiéu chuan thong ké y* dé kiém tra K miu quan sat dut
quéng, cu thé 13, img dung dé kiém tra cdc diy phan bd N/DBH ¢ céc 6 miu hodc diy phan b s6
c4 thé theo tudi/thé h¢ dé danh gia ching c6 cling mot bay dan, mét trang thdi hay khong (Laar va
Akca, 2007).

Vi du & Bang 8.1 1a c4c diy phan bé N/DBH ciia i 6 mau, dugc sap xép lan lugt i = 1,2, ... k
(k ) va dugc phan bd theo j cap kinh, dugc sip xép theo thir tw j = 1, 2, ... m (m cip kinh).

Bang 8.1. Phan b N/DBH clia i & mau theo cac ¢c& kinh j

Tan s6 f; (i=1 .... k) (N/ha)

CoDBH (=1 ..m) 01 02 03 04=k Tong fj
8 12 11 9 8 40 fl
12 134 125 150 145 554 2
16 97 80 97 88 362

20 56 56 41 54 207

24 45 34 31 31 141

28 33 31 25 31 120

32 21 21 21 21 84

36 15 11 15 15 56 fj
40 11 11 11 9 42

44 9 7 15 5 36

48 6 6 4 6 22

52 3 3 3 1 10

56 1 1 1 1 4 fm
Tong 443 397 423 415 1678

ni nl n2 ni nk n
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Goi fjj1a tan s (sO cAy) theo i va cp kinh j; n; 1a tong tn s6 ctia 6 i va fi1a tong tan sd cip
kinh j.

Gia thuyét Hy: F1 = F2 = ... = Fk (Cho moi i va j). Hay néi khéc 12 cdc diy phan bé N/DBH Ia
thuan nhét & cdc 6 mau khac nhau, hay cling mot trang thdi rimg; ngugc lai ching & céc trang thai
khac nhau va khong thudn nhit.

Kiém tra sy thuan nhat bang tiéu chuan ¥* nhu sau:

. _Zk:i(fij—ﬁ.ni/n)2 8.1)
=l j=1 f]l’ll/l’l

So sanh Vi ¥ (0.0s: daf = et NéU 17 < % 00s: df = (mnen) thi chdp nhan giai thuyét Ho, c6
nghia 1a cdc diy phan b6 N/DBH ddng nhat véi nhau hay cdc 6 miu thu thip nim trong cling mot
trang thai, hé théng va c6 thé gop chung dé wéc lwong dic trung miu, md phong phan bé N/DBH
chung.

Trong vi dy trén le =2042< Xz 0.05; at=36) = 51.00 (x4c dinh theo ham = Chiinv(0.05, 36) trong
excel). Do d6, c6 thé xem cdc diy N/DBH ctia 4 6 mau la thuan nhat hoic nim trong cting mot
trang thdi, c6 thé gop dé mé phong N/DBH chung.

Viéc uoc lugng dugc s6 cd thé voi rung trong diéu tra giam sat da dang sinh hoc 1a viéc lam
kho, trong 1ap du 4n bao ton voi (Bao Huy va cong sy, 2009) di img dung phuong phép kiém tra sy
thuan nhit ciia cic diy phin b rdi rac bang tiéu chuan y* dé xdy dung phuong phép kiém tra sy
dong nhét giita cic nhém/dan voi; tir d6 du bao dugc s lugng dan/nhém va cé thé voi hoang di &
Dik Lak. Céch tién hanh nhu sau:

Trén cic tuyén, diém habitat tién hanh xéac dinh tan s6 xuat hién ca thé voi rung theo cap tudi.
Viéc phén chia cap tudi dugc dua vao cdc giai doan sinh hoc, sinh 1y, khé nang thuan dudng, san
bat cua voi ¢ Bang 8.2.

Bang 8.2. Phan chia cAp tudi voi

Cép tudi Pic diém sinh hoc, sinh 1y
<5 Non, c6 thé bat dé thuan dudng
5-15 Tré, chua c6 kha ning sinh san va sin bét
16 - 45 Trung nién, kha ning sinh san tot, tham gia san bét t6t
46 - 55 Gia, giam kha ning sinh san va sin bt
> 55 Yéu, khong con kha ning sinh sén va sin bat

Nguo”‘n.' Bdo Huy va cong su, Dy dn bao t6n Voi Bak Lak, FREM, PHTN, 2009

Két qua trén 49 tuyén, diém habitat & 5 khu vuc phan bd voi rimg, di do, dém va thong ké
dugc 324 tan sb xuét hién c4 thé voi rimg theo 5 cip tudi. Van dé dit ra la dan voi di chuyén rong,
thuong xuyén, do d6, c6 nhiéu kha nang tring lap s liéu diéu tra tin sb xuét hién ¢ cic tuyén diém
khac nhau. Do vy, da 4p dung thong ké xéc suat sinh hoc dé kiém tra sy thuan nhat ciia diy phan
b6 tan s ca thé theo cap tudi clia cdc nhém/dan voi da diéu tra. Cac nhém dan dong nhét s& duoc
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gop lai va xem nhu mot dan doc lap, tir ddy udc tinh duge sé dan/nhém voi va cd thé voi rimng.
Trong trudng hop niy, sir dung tiéu chuan thong ké y* dé kiém tra k miu quan sat dit quing, cu thé
1a ing dung dé kiém tra cdc diy phan bd tan s6 cd thé voi rimg theo cip tudi & cdc tuyén, diém
habitat.

Diy phin bd tan s6 cd thé voi theo cap tudi ctia cdc tuyén, habitat dugc sip xép lan luot i =
1,2, .... k (S6 tuyén, diém habitat); va phin bd s6 c thé theo cap tudi dugc sip xép theo thi ty j =
1,2, ... m(S6 cap tudi) (Bang 8.3).

Bang 8.3. Bang sép xép phan b tan sé c4 thé voi fij clia i tuyén/habitat theo cac cap tudi |

Tan s6 fij (i=1 .... k)
Cép tudi (j=1 ... m) Tuyén 1 Tuyén2  Habitat 3 Tuyén k Tong
<5 f11 f21 f31 fk1 f1
5-15 £12 £22 £32 fk2 f2
16 - 45
46 - 55
> 55 flm f2m f3m fkm fm
Tong nl n2 ni nk n

Goi fj 1a tan s voi rimg theo tuyén/habitat i va cdp tudi j; n; 1a tong tan s6 cua tuyén/habitat i
vafila téng tan s6 cap tudi j.

Gia thuyét Hy: F; = F, = ... = F, (Cho moi i va j). Hay néi khic 1a cdc ddy phén bd tan s6 cd thé
dan voi theo cap tudi la déng nhat & cic tuyén/habitat khac nhau.

Kiém tra su déng nhét bé'lng tiéu chuan XZ: So sanh le tinh toan voi Xz (0.05: df = (m-1)(k-1))- Néu
le < Xz (0.05; df = (m-1)k-1) thi che”ip nhén gia thuyét Hy, c¢6 nghia 14 phan bd tan sb voi theo cép tudi &
céc tuyén/habitat d6 nam trong mot dan, cho dit chiing xuat hién ¢ nhiéu noi, nhiéu lan; tir diy tinh
tan s c4 thé binh quan theo cép tudi cia dan d6 hodc chon diy tan s cao nhat dé du bdo sd cd thé
tdi da theo cép tudi. Néu ngugc lai le > Xz (0.05; df = (m-1(k-1) thl cdc ddy phan bd ¢4 thé voi theo cép
tudi & cdc tuyén/habiat 1a doc lap, hay néi khic, chiing tir cdc nhém/dan khic nhau; tir ddy thong ké
dugc s6 dan, ci thé theo cap tudi doc lap. Pa kiém tra 49 tuyén, diém habitat va cho thiy c6 thé
g0op lai thanh 6 nhém/dan voi ¢6 su ddng nhit va ¢ 4 nhém/dan voi doc 1ap.

Trén co sé két qua kiém tra sy dong nhit ciia cdc nhém/dan voi, di xdc dinh dugc 10
nhém/dan voi & Dak Lak. Cudi ciing kiém tra 10 nhém/dan voi nay xem chiing c6 thuc sy doc 1ap
nhau khéng dé xédc dinh duoc sb cd thé voi & Pk Lik (Bang 8.4).
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Bang 8.4. Phan bb c4 thé voi theo tudi cia 10 dan voi hoang da & Dak Lak

S ca thé voi theo ky hiéu tuyén - Habitat

Cty
VO VQ VQ VO VQ VQ VQ Cty LN Cty
G G G LN LN
GY GY GY GY Ya
YD/ YD/ YD/ EaH Chu 2
D/ D/ D/ D/ Lop Tong
PA3 TAl DA4 DA6 DbA7 DA4 Trd- Mo/ / Pa/ <6 cd th
ISy 2 2 TA3 TA3 TAl SO F4HE
Cap tudi TBI1 voi
<5 0 3 1 0 1 2 0 0 7
5-15 1 1 1 1 3 11 5 2 0 25
16 - 45 2 3 8 2 7 4 9 2 2 39
46 - 55 0 1 1 1 0 1 0 1 5
>55 0 2 1 0 0 3 0 1 7
Tong s cad thé
voi 3 10 10 2 4 11 15 20 4 4 83

Két qua kiém tra phan bd cd thé voi theo cap tudi ciia 10 dan voi & Dak Lik, cho thiy: ¥ =
390.9 > x%00s. 36 = 60.0, diéu nay khing dinh 10 nhém dan nay 1a doc 1ap. Nhu vay da ude lugng
dugc & Pik Lak trung binh c6 83 c4 thé voi hoang da dang sinh séng theo 10 dan va di chuyén
trong pham vi Vuon Qudc Gia Yok Pon, hai huyén Ea Soup va Ea H’Leo.

8.1.3 M6 hinh hoa ciu triic phan bé dang giam theo ham Meyer

Céu triic phan b sb cdy theo cip kinh (N/DBH) dang gidm cia rimg ty nhién thuong duoc
md phong theo cic dang ham Meyer (Nguyén Vin Truong, 1983; Pong Si Hién, 1984; Nguyén
Hai Tudt va cong su, 2006 va nhiéu téc gia khic).

Laar et al. (2007) cho thay, kiéu phin b6 giam trong cdc kiéu ring tuy nhién. Dic diém cia
phan b6 duong kinh clia cdc loai théng cua rimg ty nhién ¢ Phédp theo dang gidm J da duoc
Liocourt (1898) nghién ctru va dinh lwong. Tac gia da gia thuyét rang, phin bd s ciy N; theo cip
kinh d; dang N; =e***™% dién ta theo mot cich khéc thi N; =kxe™%. S$6 cdy N; va n,; c6 thé duoc
x4c dinh tir phan tich md hinh. Truéc diy, Meyer et al. (1943, 1951) (dan theo Laar et al.,
2007) da mo rong luat Licourt va gidi thiéu khai niém phan bd dudng kinh cin bang, dugc biét nhur
la mot phan b tao ra sy bén virng sdn lugng rung. Moser (1976) (dan theo Laar et al., 2007) da
trinh bay mot phuong phép thay thé ¢é mé ta phan bd duong kinh dang J theo ham Schumacher.

Ham Meyer viét theo dang ph bién (Nguyén Hai Tuit va cong su, 2006; Bao Huy, 1993) nhu

sau:

8.2
y= a.e B* (6.2

Trong d6: y 1a s6 cdy, cd thé; x 1a cdp, c& va o, P 1a hai tham s ciia mé hinh. Ham nay thich
hop cho m6 ta md phéng phan bd s cdy theo c& kinh (N/DBH) rimg c6 phan bb dang giam, hodc
mb phong sy giam cua sd loai theo tang, theo c& kinh, tudi.
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Sau day gi6i thiéu cach thirc lugng héa ciu triic N/DBH theo cdc ham Meyer trong excel. Rat
don gian la trong excel c6 chwong trinh lap sin dé xdc dinh m6 hinh quan hé¢ Meyer ngay trén d6
thi.

Nhép dit liéu tan sé N/DBH trén co s¢ sip xép tan sb theo chuwong trinh Histogam theo Bang
8.5.

Bang 8.5. Bang di¥ liéu tan sé phan b6 N/DBH trong Excel

A B
1 DBH (cm) N (c/ha)
2 15 125
3 25 89
4 35 56
5 45 31
6 55 19
7 65 8
8 75 10
9 85 5
10 95 3
11 105 2
12 115 1

Tién hanh v& biéu d6 diém N/DBH, chon vao diém kich chudt phai dé vao: Add Trendline ...,
chon ham Exponential (dang Meyer). Két qua c6 duoc biéu dd quan hé N/DBH va md hinh Meyer
hién thi trén dd thi cling véi hé sb xdc dinh R*(Hinh 8.3).

140

120

100

80

N/ha

60

40

20

0
0

y = 269.46e0.048
R*=0.988

40 60 80 100 120 140
DBH (cm)

Hinh 8.3. M6 hinh Meyer mé ta phan bd N/DBH trén db thi ctia Excel
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Phan b Meyer con c6 thé sir dung dé xem xét phin bd s6 lugng cd thé ciia mot loi theo céc
giai doan tudi. Kiéu dang cau tric s6 cdy theo tudi (N/A) rimg nhiét d6i nhin chung c6 dang giam,
tudi cang cao thi sd cd thé cang it, bao dam cho sy ké tuc céc thé hé ciy rimg va 6n dinh quan thé
thyre vat rimg theo thoi gian va c6 thé mo phong theo phan bd dang J. Vi dic trung cdu tric dang
giam theo thé hé, tudi nhur vay nén phuong thirc khai thac chinh cua rimg ty nhién Ia chit chon theo
cap kinh. Khai thdc 16p cdy thanh thuc va nudi dudng rimg trong mot luan ky dé rimg phuc hdi
trang thai ban dau va tiép tuc khai thdc 1an 2. Viéc xdc dinh dugc ciu tric N/A cua 14m ph?ln va
N/A theo tung loai/nhém loai chinh s€ rat thuén tién cho viéc xac dinh k¥ thuit lam sinh nhu tudi,
duong kinh khai théc, luan ky. M6 hinh hoa ciu tric N/A thuong dugc biéu dién tot bing ham
Meyer voi hé sé twong quan R? rat cao (Bao Huy, 1993). Tuy nhién, trong thyc té rimng tu nhién
viéc xdc dinh A 1a rat khé khin, do d6, thong thuong duoc thay bang duong kinh, va kiéu ciu tric
phd bién dugc nghién ctru 1a sé ciy theo ¢& kinh N/DBH, nhu d3 giéi thiéu trén dé phuc vu cho
diéu tra, x4c dinh chi tiéu k¥ thuat nudi dudng, khai thic rimg.

Ngoai ra, ham Meyer con c6 thé sir dung dé mo ta phéan bo sd loai theo cap kinh, thé hé rimg;
(Bao Huy, 1993) dd m6 ta cau triic N loai/DBH ciia kiéu ring nira rung wu hop bang ling — cim xe
& Dak Lak c6 kiéu dang phan bd 12 dang giam lién tuc, c6 nghia khi 1én tang cao, cip kinh 16n, sé
loai chiém ty 18 thap, ddy 1a cic loai wu thé sinh thdi. Vi kiéu rimg nay, s6 loai trén ha 1a 70 loai
than gd, va voi ¢& kinh thanh thyc tir 55¢m trd 1én thi s6 loai con khoang 5 loai. Kiéu dang céu tric
nay duge mo phong tot bang dang ham Meyer.

8.1.4 M6 phéng cau truc phan bé theo phan b khoang cach - hinh hoc
Phan bd khoang cich va hinh hoc da dugc Nguyén Hai Tuat (1975) gidi thiéu va Bao Huy

(1993) 4p dung dé mé ta tot cau triic N/DBH cua ring nira rung 14 vu thé bang ling dang giam
(phan bd hinh hoc) va ¢6 dinh & cip kinh thi hai (phan bd khoang céch).

i) Phan bd khoang cich diing md phong phan b dang c6 dinh ¢ ¢ thir hai duoc trinh bay nhur
sau (Nguyén Hai Tuat, 1975):

r x=0

P(x) = (8.3)
(I-a).(1-1).a" x>=1

Trong d6 x 1a ma s6 cdc ¢& tir nho dén 16n 0, 1, 2, 3..r ; Y va o, 1a hai tham s6 ciia phan bo.

r<(I-D(1-a) Phan bé c6 dinh tai x=1
r=1-« Phan bd giam c6 thé thay thé bang phan b hinh hoc
> (I-D(I-) Phén bd gidm.

U'éc lugng hai tham s6 bang phuong phap cuc dai hop 1y:
T =Ny/N (8.4)
U (8.5)
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Trong d6: N,: SO ca thé ¢ c¢d kinh nhd nhat, N;: S6 cd theé ¢ cd 1, N: Tong so ¢4 the, r: s0 cd

thé.

Trinh ty tinh phan bé 1y thuyét N/DBH cua rimg nira rung 14 uu thé bang ling c6 dang mot
dinh theo phan bd khoang cich va kiém tra sy phii hop bang tiéu chuan y” trong Excel (Bao Huy,
1993) (Bang 8.6 va Hinh 8.4):

Cot A: M sb x
Cot B: Gia tri gitra ¢cd DBH (x;)
Cot C: Sé ciy theo ¢& kinh (N)).
Cot D: N;.x;.
Tinh 2 tham s6:
T = C2/Sum(C2:C12)
o = 1- Sum(C3:C12)/sum(D3:D12)
Cot E: Xdc suit tung cd kinh P(xi): O E2: Pxo=Y; 6 E3: Px1 = (1-Y)(1-o)aM(a3-1);
copy cho céc 6 dudi.
Cot F: Tan sb 1y thuyét: Nit;: O F2: =$C$13*E2; copy cho cic 6 dudi
(;@t G: Tinh ¥ timg ¢& va téng. O G2: = (F2-C2)*2/F2, copy cho cic 6 dudi, cong
tong. Neéu cic cd kinh c¢6 Nlt; <5 thi gdp lai véi nhau.

O Gl14: Tra x2 bang (0=0,05 ; K = l-r-1 = 8-2-1=5): =Chiinv(0.05,5) (Véi 1 1a sb co
kinh, r s tham sé)

Tiéu chuan y* theo cong thirc sau:

1 5 (8.6)
_ Ve — Y1)

Yiti

X2
i=1

Trong d6 yy: S6 cd thé ly thuyét ocoi,y; S6 cd thé quan sat ¢ co' i, I: S6 o, ce”ip.

Két qua * = 7.70 < x* (0.05, 5) = 11.07; két luan phan bd khoang cich mo phong tot phan b
thuc nghi€ém N/DBH c6 dinh ¢ c& kinh thtr hai.

Bang 8.6. M6 phong phan bé N/DBH rirng niva rung & wu thé béng lang
theo phan b6 khoang cach trong Excel

A B C D E F G
1 X Co DBH (cm) N (c/ha)  Nixi Px NIt (c/ha) 2
2 0 15 70 0 0,212121 70 0,00
3 1 25 125 125 0,345444 114 1,06
4 2 35 56 112 0,193985 64 1,00
5 3 45 31 93 0,108932 36 0,68
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A B C D E F G

1 X Co DBH (cm) N (c/ha)  Nixi Px NIt (c/ha) 2

6 4 55 19 76 0,061171 20 0,07

7 5 65 8 40 0,034351 11 0,98

8 6 75 10 60 0,01929 6 2,08

9 7 85 5 35 0,010832 4 1,82

10 8 95 3 24 0,006083 2

11 9 105 2 18 0,003416 1

12 10 115 1 10 0,001918 1

13 Téng 330 593 0,997543 329 7,70

14 Y= 0,212121 v’ bang= 11,07

15 o= 0,561551 K=lr-1 =
8-2-1=5

Nguén: Bdo Huy (1993)
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Hinh 8.4. Phan b6 DBH quan sat va phan b ly thuyét khoang céach
ii) Phan b6 hinh hoc m6 phong phan b dang giam (Nguyén Hai Tuét, 1975):
Pix)=a.(l-0)x=0, 1, 2, 3...r 8.7
Trong d6 x 1a ma s6 ¢&, o 1 tham s6 ciia phan bo.

U'éc lugng o bang phuong phép cuc dai hop 1y:

(8.8)

=

=
+
[N
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(8.9)

T

B 1

X = NZNL . xi
i=1

Trong d6 N: Tong so cd thé, r so cap i, N;: SO cd thé cap kinh i, x;; Ma s6capi=0, 1,2, ...r.

Phan b hinh hoc diing mé ta céc phan bd thyc nghiém dang giam nhu phan bd N/DBH ciia
rimg nira rung 14 vu thé bang ling (Bao Huy, 1993), trinh ty tinh trong Excel: (Hinh 8.5 va Bang
8.7).

e CotA:Misdx

e (ot B: Gié trj gilta cd DBH.

e (CotC: S6 ciy theo c& kinh N;.
e (Cot D: Nix,.

Tinh tham s o

x =DI13/C13

o= X/(+1)

e (ot E: Xdc suit tung cd kinh P(xi): O E2: Pxo = (1-0)0rA3; copy cho cac 6 dudi.
e Cot F: Tan s6 ly thuyét: Nlt;: O F2: =$C$13*E2; copy cho cic 6 dudi

e (Cot G: Tinh x* timg ¢& va tong. O G2: = (F2-C2)"2/F2, copy cho cic 6 dudi, cong
tong.

e OGl4: Tra x2 bang (0=0,05 ; K = l-r-1 = 8-1-1=6): =Chiinv(0.05,6). (Véi 1 la sb ¢c&
kinh, r s6 tham sd)

Két qua x* = 4.06 < 0.0 6 = 15.59. Két luan: Phan b hinh hoc md phong tét, phan b thyc
nghiém N/DBH dang giam rimg nira rung 14 uu thé bang ling.

Bang 8.7. Md phdng phan bé N/DBH rirng niva rung |a wu thé bang lang theo phan bd hinh hoc

A B C D E F G
1 X Co DBH (cm) N (c/ha) Nixi Px NIt (c/ha) X2
2 0 15 125 0 0,38521 134 0,66
3 1 25 89 89 0,236823 83 0,49
4 2 35 56 112 0,145597 51 0,53
5 3 45 31 93 0,089511 31 0,00
6 |4 55 19 76 0,055031 19 0,00
7 5 65 8 40 0,033832 12 1,23
8 6 75 10 60 0,0208 7 1,03
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A B C D E F G

1 X Co DBH (cm) N (c/ha) Nixi Px NIt (c/ha) X2

9 |7 85 5 35 0,012788 4 0,12

10 |8 95 3 24 0,007862 3

11 |9 105 2 18 0,004833 2

12 |10 115 1 10 0,002971 1

13 |Téng 349 557 0,995258 347 4,06
X = 1,595989 ¥ (0.05, 6)= 12,59
o= 0,61479 (K=8-1-1=6)

Nguon: Biao Huy (1993)
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Hinh 8.5. Phan bd DBH quan sat va phan bé ly thuyét hinh hoc

8.1.5 M6 phéng phan bé, cau tric theo phan bé Weibull

Phan bd Weibull 1a mot dang phan bd téng quét, c6 thé md ta cho céc kiéu dang phan bd khac
nhau nhu : giam, c6 dinh, ti€ém can chuén, léch phai, trdi,... Voi sy khdi quit va da dang nhu vay
nén Weibull c6 thé duoc sir dung dé md phong cic kiéu dang cau tric rimg khac nhau.

Phan b Weibull 12 phan bd xdc suat ciia bién ngiu nhién lién tuc v6i mién gid tri xe (0,400)
(Laar, 2007; Nguy&n Hai Tut va cong su 2006).

Ham mat d¢ cua phan bd Weibull dugc viét nhu sau:

f()C) = /l(x - xmin) 0!*1. exp('ﬂ*(x - xmin)a (8 10)
Ham phén bd:

F()C) = ] - exp('ﬂ*(x - xmin)a (811)
Trong d6 Xpin: Tri s6 quan sit nho nhat, x: C4c gid tri quan sat, néu xép theo to thi x 1a gid tri
giita mdi to.

Khi: o, <= 1: Phan bd giam.
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1 < 0. < 3: Phan b6 léch tréi

o, = 3: Phan b ddi ximg.

. > 3: Phan b léch phai.
U'dc lwong 2 tham sé o va A:

Tham sé o thudng duoc thim do trong mot khoang thich hop dua trén cdc dic trung miu, cho
chay o d¢é tinh A. Sau d6 kiém tra sy phit hgp ctia phan b ly thuyét bang tiéu chuan %>, chon cap
tham sb ¢6 x2 bé nhét va so sdnh véi XZ(O,OS, dar=1r1) (2 sb ¢, r s6 tham sé).

Tham s6 A duoc ude lugng bang phuong phap cuc dai hop 1y:

(8.12)
N

A =
Zr:1(xi - xmin)a

Trong dé: N: Téng dung luong quan sat; N;: Tan s6 t0 1; Xpin: Tri sb quan sit nhd nhat, x: Céc
gid tri quan sat, néu xép theo to thi x 1a gid tri giita mbi to.

Tinh x4c suat cho timg to:
+T0 1: P(x))=F(x;) = 1 - exp(-MX; + A - Xpuin)*)
+T0 2: P(x,)=F(x,) - F(x;) = exp(-MX; + A - Xpin)®) - eXp(-A( + A - Xpin)®)
+T0 3: P(x3)=F(x3) - F(X,) = exp(-MX2+ A - Xpin)®) - eXp(-A(z + A - Xpin)™)
+ To 1: P(x)=F(X,) - F(X;-1) = eXp(-A(Xr.1 + A - Xpnin)®) - eXp(-AXe+ A - Xpyin)®)
Voi A: gid tri 1/2 cy ly to.
TAn sb ly thuyét N cho tung td: NIt = N.P(x;).
Cubi cling kiém tra sy phit hop bang tiéu chuan .

Tién hanh mo6 phong phan bd N/DBH rimg nira rung 14 uu thé bang ling c6 dang giam theo
phan bd Weibull & Bang 8.8 va Hinh 8.6 (Bao Huy, 1993).

Bang 8.8. M6 phdng phan bé N/DBH rirng niva rung la wu thé béng lang theo phan bd Weibull

A B C D E F G H
1 Co DBH N (c/ha) Alpha  N(x-xmin)*a A P(x) NIt (c/ha) Xz
(cm)
2 |15 125 1 625,0 0,047710  0,379420 132 0,42
3 125 89 1335,0 0,235460 82 0,57
4 |35 56 1400,0 0,146121 51 0,49
5 |45 31 1085,0 0,090680 32 0,01
6 |55 19 855,0 0,056274 20 0,02
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A B C D E F G H
1 Co DBH N (c/ha) Alpha  N(x-xmin)"a A P(x) NIt (c/ha) Xz
(cm)
7 165 8 440,0 0,034922 12 1,44
8 |75 10 650,0 0,021672 8 0,78
9 |85 5 375,0 0,013449 5 0,02
10 |95 3 255,0 0,008346 3 0,00
11 {105 2 190,0 0,005179 2
12 (115 1 105,0 0,003214 1
13 |Tong 349 7315,0 1,0 347 3,76
14 x> (0.05,7) = 14,07
15 K=l-r-1=9-1-1=7
Nguén: Biao Huy (1993)
e (ot A: Gid tri gifra cd kinh 15, 25, ... 115 véi cy ly ¢o 10 cm.
e (ot B: SO cay ting ¢ Ni.
e O C2: Bua tham sé o thim do.
e Cot D: Gid tri: Ni(x; - 10)*. Vi Xpip=10. Tinh tai 6 D2: =B2*(A2-10)"$C$2, sau d6
copy cho céc 6 dudi.
e O E2: Tinh tham s A: = B13/Sum(D2:D12).
e (ot F: Tinh xéc sudt P(x) tung t6: Tinh theo cong thirc dia chi o.
e Cot G: NIt timg t6: O G2: =$B$13*F2, sau d6 copy xubng va tinh tong.
e Cot H: Tinh *timg to va tong x’=3.76
e O HI4: Tra %*0.05, df) =Chiinv(0.05,7)=14.07 (df=l-r-1; 1: sé ¢& kinh kiém tra, r: s6
tham s0)
Két qua c6 x> = 3.76 < x’00s.7 = 14.07: Phan bd Weibull mo phong tot phan b thyc nghiém
N/DBH rung bang lang.

Chi y: Dé chon duogc o tdi wu, 1an luot thay gid tri & 6 C2, bang tinh sé& ty dong tinh lai, sau

d6 chon mét o tdi wru voi y* bé nhat.
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Hinh 8.6. Phan b6 DBH quan sat va phan b ly thuyét Weibull
8.1.6 Xac dinh kiéu phan b cay rirng trén mat dat rirng
Céu triic mit bang thé hién sy phin bd va sir dung khong gian dinh dudng trén mit dat ring,
kiéu dang phin bd thuong dugc chia thanh ba kiéu: ngdu nhién, cum hodc déu Hinh 8.7
(Jayaraman, 1999). Trong d6, kiéu phan b6 cum thé hién rimg chua lgi dung tét khong gian trén
mit dat. Cho nén, chit nudi dudng phai bao dam sao cho phan b ciy trén mat dat rimg dong déu
hon, tao ra phan b cich déu hodc ngau nhién, tranh dé rimg ¢ trang thai phan b6 cum, anh hudéng
xau dén qud trinh t4i sinh, sinh truéng va phuc hoi rimg. Tém lai, nghién ctru phan bd ciy trén mit
dat nham phuc vu cho viéc dé xuat giai phdp k¥ thuat trong chat nudi dudng, tia thua, khai thac dé
diéu tiét mat do trén bé mat dat rimng.

el e

(a) Random (b) Clumped (¢) Uniform

z .;f:"':.' .

P

o
e

AT

Hinh 8.7. Ba kiéu phan bb cay trén mat dat rieng: a) Ng&u nhién (Random); b) Cum (Clumped) va
c) beu (uniform) (Jayaraman, 1999).

Phuong phap xac dinh kiéu phan b cdy rimg trén mit dat ring 1a 4p dung ddnh gid, phan b
khoang céch tir mét ciy chon ngiu nhién dén ciy gan nhét, véi dung lwong mau n > 30 (s6 khoang
cich do) dwa vao theo tiéu chuan U cua Klark va Evans (Nguyén Hai Tuat, 1990; Bao Huy, 1993,
1997):

_ ®/1-05)Vn 8.13)
©0.26136

trong d6: X: Khoang cch binh quin giita cic cdy (Liy tong khoang céch chia cho s6 1an do 1 n).

A: S6 ciy trén mot m* dién tich dat rimng.

Két qua tinh U néu:
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Ul <1.96 Cay ring phan b ngau nhién trén mat dt rimg;
U>1.96 CAy rimg phan bd cich déu trén mat dét rimg;
U<-1.96 CAy rimg phan bd cum trén mit dat rimg.

Vi du minh hoc d4nh gid phan bd cy trén mit dit rimg nira rung 14 wu thé bang ling c6 ciu
tric On dinh, it bi tdc dong & Tay Nguyén (Bao Huy, 1993), véi miu quan sit n = 285 (s6 khoang
céch do) trén 5 & diéu tra lha va ding tiéu chuan U ciia Klark va Evans dé ddnh gia phan b trén bé
mit dat rimg. Két qua tinh todn theo tiéu chuan U nhu sau: Tham sé: A = 0,095 (Tong s6 ciy dicu
tra trong cdc 6/tong dién tich cdc 6 tidu chuan); voi: n = 285; cy ly binh quan giira 285 cAy quan sat

ngﬁu nhién la X =2,158 m; gid tri U= 10.67.

Két lugn: Cay phan bd trén mit bang ctia 1am phan 1a phan b cich déu.

Tuy nhién, véi ddnh gid trén méi chi xem xét phan b trén mit bang cla tit ca cdc cAy & cic
thé hé, ce”ip kinh khéc nhau; diéu nay chua thé 1am co s dé diéu tiét cAu tric mat bé’mg. Culy tdi wu
giita cic ciy can duoc thiét 1ap cho timg thé hé hodc cap kinh. Do vay, trudc khi di vao xay dung
cAu trdc mat béng, can thiét 1ap m6 hinh N/DBH dinh hudng (chuén, 6n dinh) dé 1am co s& xdc
dinh mat d6 ti wu cho tirng cap kinh va chung 1dm phan. Sau d6 tim khoang céch tdi uu giita cic
cdy theo tirng cip kinh.

Phuong phép tim X: Cy ly binh quén téi wu dé cAy rimg c6 phan b dong déu trén mit dat

rimg chung va theo cap kinh (Bao Huy, 1993): Tir cong thirc tinh U, gia dinh rimng c6 phan b déu
thi U = 2, va rimg dat mat do chuin N, (s6 cAy t6i wu/ha tinh dugc tir md hinh N/DBH dinh huéng

da xay dung), suy ra cu ly X giita ciy ring tbi wu:

2 x0.26136 (8.14)

+ 0.5
Y, Nopt
v

=
Il

Vi A = N,,/10.000

Vi du d6i vé6i rimg nira rung 14 bang ling, ¢6 N,y = 889 ciy/ha (sé ciy mau tir phian bd N/D da
xdy dung), suy ra: A = N, / 10.000 = 0.0889, tir dy tinh dugc cy ly binh quan tbi wu giita 2 cy
gan nhit trong 1dm phan: X = 1.73m (Bao Huy, 1993).

D¢ dat duoc hiéu qua cao hon trong diéu tiét cau triic mat bang, cin diéu tiét cy ly nay theo
tung cd kinh c6 nghia 1a, néu trong mot c¢& kinh da dat duogc sb cay tdi wu Nopi n2o do6 theo cAu trdc
N/DBH miu, nhung phan b chua déu thi rimg ciing c6 ning suat thap. Voi 1y do d6 can tiép tuc
x4c dinh cy ly binh quan tbi wu cho tung co kinh (;,. ).

Phuong phédp xéac dinh nhu trén, nhung chi khac 1a mat do toi wu & day dugc tinh theo tung c&
kinh (Nypi) theo m6 hinh N/DBH dinh huéng, suy ra tham sO A = Nopi/ 10.000. Tt ddy tinh dugc cu
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ly binh quén t6i uu (;,.) cho ting c¢& kinh i nhu vi du & ring nira rung 14 bang ling (Bao Huy,
1993).

Bang 8.9. M hinh cw ly binh quan téi wu gitra cac cay ring theo c& kinh

Cép kinh DBH (cm) N, (c/ha) A Cu ly binh quan t6i wu U

X; (m)
15 377 0.037667 2.72 2
20 208 0.020814 3.72 2
25 115 0.011502 5.12 2
30 64 0.006356 7.09 2
35 35 0.003512 9.93 2
40 19 0.001941 14.04 2
45 11 0.001072 20.14 2
50 6 0.000593 29.36 2
55 3 0.000327 43.59 2
60 2 0.000181 66.05 2
65 1 0.000100 102.27 2
Tong 889

Nguon: Biao Huy (1993)

Qua bang trén cho thay ddi voi cap kinh cang 16n thi cy ly t6i uu dé rimg c6 phan bd déu cang
16n. Trong thyc té, dé d4p dung can do khoang cdch tir mot cAy dén cAy gin nhit nam trong cling
mét cap kinh, tir d6 c6 thé c6 giai phdp lya chon trong tia thua, nudi dudng, khai thic chon rimg,
voi dinh huéng dua rimg vé Nopi va c6 cu ly bao dam cay rimg c6 phan b6 déu, loi dung tot nht
khong gian dinh dudng & tat ca cic cap kinh, thé hé.

8.2 Xac dinh mdi quan hé sinh thai loai trong rirng mwa nhiét doi

Rung hdn loai nhiét d6i bao gdm nhiéu loai ciy ciing ton tai, thoi gian cling ton tai ciia mot
s loai trong d6 phy thudc vao mirc do phit hgp hay ddi khéng giita ching véi nhau trong qué trinh
loi dung nhitng yéu t6 méi truong. C6 thé phan ra lam 3 truong hop:

Lién két dwong: La truong hop nhitng loai ciy c6 thé cling ton tai sudt qua trinh sinh trudng,
giita chiing khong c6 sy canh tranh vé dnh sang, vé cdc chit dinh dudng trong dit va khong 1am hai
nhau théng qua céc chit hodc sinh vat trung gian khic.
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Lién két am: La trudng hop nhitng loai ciy khong thé ton tai lau dai bén canh nhau duoc, do
c6 nhitng d6i khdng quyét liét trong qua trinh lgi dung cc yéu té méi trudong (4nh sdng, chat dinh
dudng trong dét, nudc...), ¢ khi loai trir 1An nhau théng qua nhidu yéu t6 nhu: doc td 14 cdy, cic
tinh dau hodc sinh vat trung gian..

Quan hé ngdu nhién: La truong hop nhirng loai cAy ton tai twong ddi doc 1ap véi nhau.

Viéc nghién ctu moi quan h¢ giira cic loai 1a nham muc dich dinh hudng trong viéc lya chon
t6 thanh loai cAy hdn giao trong phuc hoi cdc hé sinh théi rimg, trong rimg hén giao, lam giau rimg.
Trong d6, theo huéng phuc hdi t6 thanh loai nhu ty nhién véi mbi quan hé ngiu nhién va hd trg
nhau (quan h¢ duong).

Tuy nhién, nghién ctru day dit mdi quan hé giira cdc loai cay trong rimg tu nhién la mot vin dé
phirc tap, doi hoi cin cr trén nhiéu yéu td sinh hoc va sinh thdi. Trong thong ké sinh hoc, phuwong
phéap du bdo dugc st dung dé xdc dinh mdi quan h¢ gitra c4c loai, lam co sé cho viéc dinh hudng
Iya chon mé hinh trong rimg hdn giao, diéu chinh té thanh trong cong tic 1am sinh.

Phuong phdp xdc dinh méi quan hé sinh théi loai gom c6 ba budc chinh (Bao Huy, 1997): i)
Xéc dinh dién tich biéu hién loai; ii) Xdc dinh sb 6 miu can thiét va thu thap dit liéu loai va iii) Dy
bdo mbi quan hé giita cic loai

i) Xdc dinh dién tich biéu hién loai:

bé nghién cuu moi quan h¢ sinh thdi gitra cic loai, can phai riit mau theo 6 tiéu chuén (hoic
theo phuong phép K cAy gan nhat) dé tinh todn x4c suat xuat hién céc loai, van dé dit ra 1 kich
thudc 6 tiéu chuin bao nhiéu dé bao dam dai dién, d6 chinh 1 x4c dinh dién tich biéu hién loai.

Trong trudng hop nay 13 x4c dinh mot dién tich 6 mau nho nhét, nhung bao dam xuat hién cic
loai wu thé sinh thi.

Tién hanh bang c4ch thu thap s6 loai theo 6 tiéu chuan dién tich thay d6i, dién tich 6 bat dau la
100m® va ting dan dén khoang 1 — 2ha. Khi dién tich 6 tang 1én thi sé loai ting theo, dén mot gidi
han dién tich 6 nao d6 thi sb loai s& bdo hoa. Dién tich d6 goi la dién tich biéu hién loai. C6 thé

biéu thi viéc xdc dinh dién tich biéu hién loai bang d6 thi sau: (Bao Huy, 1997; Jayaaman, 1999).

So loai A

On dinh loai

» Dién tich 6tc
Dién tich biéu

hién loai
Hinh 8.8. Quan hé sé loai theo dién tich & mau
D¢ xdc dinh dién tich biéu hién loai, & d6 dién tich 6 tmg véi s6 loai tdi da trong kiéu ring
nghién ctru, tién hanh md phong quan hé: N4 05 = f(S = dién tich 6 mau), dang quan h¢ sau c6 thé
duogc st dung:
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R (8.15)
Ngs 1001 = Q- b

. _ -m
Lim Ngg1oni = a.e 25 =a

Khi S — +

Theo 1y thuyét, khi dién tich 6 mé ra v6 han thi s loai s& dat t6i gidi han la a loai. Vi dy, da
diéu tra thir nghiém 53 6 c¢6 dién tich tir 100m® dén 10.000m” & rimg khop viing Ea Soup, trén mdi
6 x4c dinh s6 loai thudc tang cdy gd (c6 duong kinh ngang nguc 16n 10cm) xuat hién. Tién hanh
md phong quy luat bién d6i s6 loai (N 10x) theo dién tich 6 (S) béng mot dang ham mii co s6 e. Két
qua da udc lwong cdc tham so:

- 1
Ny 1on; = 16.810.76957%* (8.16)

Véin=53 R=0907 Fr=722.58 0<0.01

Phuong trinh dat hé sb twong quan cao, churng té c6 mébi lién hé chat ché gilta N ox va S, va
dang ham nay mé ta tot chidu hudng bién thién. Khao sat ham nay cho thy, khi ting dién tich 1én
v6 han thi s6 loai xuat hién tiém can véi gid tri ciia tham sb a = 16.810. Nhu vay, c6 nghia 1a ddi
voi rimg khop tai Ea Soup, s lwong loai thudc tang ciy gb khong nhiéu, chi dat dén 17 loai.

Tuy nhién trong thyc té khong thé 1ap 6 c6 dién tich “vo han”, vi vay, trén co s md hinh nay,
xdc dinh sb loai vu thé sinh thai dé thé vao mé hinh va xdc dinh dugc dién tich o miu biéu hién loai.

Vi du nhu rimg khop viing Ea Soup, ¢6 céc loai wu thé sinh thai chinh nhu Ca chéic (Shorea
obtusa); CaAm lién (Shorea siamensis), Dau déng (Dipteocarpus tuberculatus), Dau tra beng
(Dipterocarpus obtusifolius), Chiéu liéu (Terminalia mycrocarpa) va mot s6 loai thudc loai khac c6
ty 1¢ thap hon trong to thanh. Nhu vay s loai pho bién trén mot don vi dién tich ring khop chi
khoang 5-6 loai. Tir phuwong trinh, thé gid tri Ny 105 = 6 vao suy duoc dién tich biéu hién, ddy ciing
chinh 1a dién tich can c6 ciia mot & tiéu chuan trong rit miu diéu tra nghién ctru quan h¢ sinh thai
loi ctia khu rimg nay. Dién tich biéu hién trong truong hop nay 1a S = 2.500m’* (50 x 50m).

ii) Xdc dinh s6 6 mau can thiét va thu thp dir liéu lodi:

Trén co s& da xé4c dinh duoc dién tich 6 biéu hién loai vu thé sinh thdi; tiép tuc xdc dinh dung
lwgng mau (s6 6 mau) theo cong thirc:

2 2 8.17
LV % (8.17)

Ncr 2
A%

Trong d6: t = 1,96 khi d tin cay 1a 95% ; V%: Hé s bién dong vé sb loai, duoc tinh theo
cong thirc:

8.18
V% :iXIOO ®19)
X
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2 (8.19)
Ca

n—1

S =

S: Sai tiéu chuan miu; n: S6 6 rit mau thir (thuong chon n > 30); x: S6 loai trén mdi 6
A%: Sai s6 cho phép tir 5% - 10%.

Sau khi x4c dinh s0 lugng 6 ti€u chuan can thiét tién hanh xac dinh cy ly gilta c4c tuyén va cy
ly giita c4c 6 trén tuyén dé bao ddm cdc 6 miu dugce rai déu trén dién tich khao sat. Tién hanh thu
thap dir liéu trén 6 c6 dién tich biéu hi¢n loai uu the sinh thdi, trong d6 tap trung tan so xuat hié€n va
xac dinh tén loai.

Tur s6 liu quan sat, xac dinh so6 loai uu thé dé nghién ctru moi quan hé gitra ching. Trén quan

diém sinh thdi, loai uu thé dwgc chon thuong phai c¢6 chi sé quan trong (Important Value)
IV% > 5% hoic tan suat suit hién loai F% > 5%.

N% + G% + F% (8.20)

V% = 3

6 6 loai (8.21)

Fh= o ar
S0 6 xuat hién tat ca cac loai

Trong d6 N% 1a % mat do loai, G% 1a % tong tiét dién ngang (BA) cua loai va F% 1a % tan
suét xuat hién loai.

Vi duy tir 32 6 tiéu chuan dugc riit miu ngau nhién trong ring thuong xanh khu vye Dak RLip,
Dik Nong thdng ké dugc tan suat xuat hién cta céc loai wu thé theo F% & Bang 8.10.

Bang 8.10. Tan suét xuat hién F% céc loai & rirng |4 rong thuwdng xanh, Bak Néng

Stt Loai Tan s6 s6 Tan
xuat hién suit (F%)
1 Dé Lithocarpus sp 30 13.0
2 Bing ling Lagerstroemia calyculata 27 11.7
3 Xuongca Canthium didynum 23 10.0
4 Xoan Mdc Toona sureni 19 8.2
5 Boiloi Litsea glutinosa 18 7.8
6 B hon Sapindus mukorossi 16 6.9
7  Cho x6t Schima superba 15 6.5
8  Vang triing Endospermum chinnese 14 6.1
9 Tram Eugenia sp. 14 6.1
10 Btra Garcinia loureiri 11 4.8
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11  Phay stung Duabanga sonneratioides 8 3.5
12 Cém Parinari anamense 6 2.6
13 Dau da dat Baccaurea sapida 6 2.6
14 Thung muc Wrightia annamensis 6 2.6
15 Maucho Knema conferta 4 1.7
16  Chua khét Dysoxylum acutangulum 4 1.7
17  Tram Canarium copaliferum 3 1.3
18 Gao Gossampinus malabaria 2 0.9
19  Sau dau Azadirachta indica 2 0.9
20  Cho chi Parashorea chinensis 2 0.9
21  Gon Bombax anceps 1 0.4

Tir bang trén cho thdy ¢6 9 loai ¢6 tan suat F% > 5%. Trong rimg hdn loai, cc loai c6 tan sut
> 5% dugc xem la loai dong vai tro quan trong trong hinh thanh sinh théi rung, do d6, chon 9 loai
nay dé xem xét quan hé giita chiing v6i nhau.

iii) Dy bdo moi quan hé sinh thdi giita cdc lodi:
Tir s6 6 miu cin thiét c6 dién tich biéu hién loai da dugc rit miu ngiu nhién, thu thap sb liéu
xuét hién loai; tién hanh kiém tra quan hé cho tirng cip loai theo tiéu chuan p va X2,
Str dung céc tiéu chuan thong ké sau dé danh gid quan hé theo tirng cap loai:
p: Heé s6 tuong quan giita 2 loai A va B:
_ P(AB)— P(A).P(B) (8.22)
- \/P(A).(l —P(A)).P(B).(1—- P(B))

Trong d6 khi:

p=0:21loai A va B ddc lap nhau.

0 < p<1:loai A va B lién két duong.

-1 <p <0: loai A va B lién két 4m (bai xich nhau).
Xdc suit xuat hién loai:

P(AB): Xéc suét xuat hién dong thoi cta 2 loai A va B

P(A): Xdc suat xuit hién loai A.

P(B): X4c suét xuat hién loai B.

nAB nA + nAB

P(A) =" p(B)ZM
n

n

P(AB) =
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Véi: nA: S6 6 tiéu chuan chi xuét hién loai A.
nB: S6 6 tiéu chuan chi xuat hién loai B.
nAB: S 6 tiéu chuin xuét hién dong thoi 2 loai A va B.
n: Tong s6 6 quan sat ngéu nhién.
p néi 1én chiéu hudng lién hé va mic do6 lién hé giita 2 loai. p < 0: 2 loai lién két 4m va Ipl
cang 16n thi mirc d6 bai xich nhau cang manh, ngugc lai p > 0: 2 loai lién két duong va Ipl cang 16n
thi mirc do hd tro nhau cang cao.

Trong trudng hop Ipl xap xi = 0, thi chua thé biét giira 2 loai c6 thyc sy quan hé véi nhau hay
khong? Liic ndy can str dung thém phuong phép kiém tra tinh doc 1ap bang miu biéu 2x2 theo tiéu
chuan y”.

Cong thirc kiém tra mdi quan hé giira 2 loai A va B duoc thyc hién bang tiéu chuan X*:
) (|ad —bc|-0.5)."n (8.23)
(a+b).(c+d)(a+c)(b+d)
Trong d6: a =nAB; b=nB; c =nA; d: $6 0 khong chira c4 2 loai a va B.

Xt tinh dugc & cong thic trén dugce so sanh voi X005 ung voi bac ty do K=1 1a X005, kel =
3.84.

Néu X°t < X% 5= 3.84 thi mdi quan h¢ giira 2 loi 1a ngéu nhién.

Néu X%t > X205 = 3.84 thi giita 2 loai c6 quan hé véi nhau va néu p < O thi quan h¢ am, p >
thi quan h¢ duong.

Tém lai ¢é xem xét moi quan hé theo tirng cip loai, sir dung dong thoi 2 tidu chuan p va X*
X% Dé kiém tra mbi quan hé tirng cip loai.
p: Trong truong hop kiém tra bang X* cho thiy c6 quan hé, thi p sé& cho biét chiéu hudéng
mdi quan hé d6 theo dau cta p (- hay +) va mirc d6 quan hé qua gi4 tri Ipl.
Bang 8.11 gi6i thiéu mot két qua kiém tra quan hé sinh thdi giita cc cip loai wu thé sinh thai
(F% > 5%), trong d6 tap trung cho loai nghién curu 1& Xoan moc, ¢ rung 14 rong thuong xanh ving
Tay Nguyén (Bao Huy, 1997).

Bang 8.11. Kiém tra quan hé theo tirng cap loai wu thé sinh thai rirng 14 réng thuwdng xanh Dak R'lap,

bak Néng
Stt Loai A Loai B nA(c) nB(b) nAB(a) nAB- P(A) P(B) P(AB) p X2 Quan hé

@
1  XoanMbéc BéingLing 5 13 14 0 0.594 0.844 0.438 -0.356 3.99 Quanhé am
2 Xoan Mgc Dé 0 11 19 2 0.594 0.938 0.594 0.312 3.04 Ngau nhién
3 Xoan M¢c Boi Loi 7 6 12 7 0.594 0.563 0.375 0.168 0.89 Ngau nhién
4 Xoan Mdc Vang Trung 10 5 9 8 0.594 0.438 0.281 0.088 0.24 Ngau nhién
5 Xoan M¢c Trim 10 5 9 8 0.594 0.438 0.281 0.088 0.24 Ngau nhién
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Stt Loai A Loai B nA(c) nB(b) nAB(a) néAB- P(A) P@®B) P(AB) p X2 Quan hé
(d)
6  Xoan Mgoc Xuongcd 5 9 14 4 0.594 0.719 0.438 0.049 0.07 Ng?lu nhién
7  XoanMbdc Bb hon 10 7 9 6 0.594 0.500 0.281 -0.064 0.12 Ngau nhién
8  Xoan Mdc Cho x6t 12 8 7 5 0.594 0.469 0.219 -0.243 1.86 Ngau nhién
9  BingLing D¢ 2 5 25 0 0.844 0.938 0.781 -0.111 0.36 Ngau nhién
10 Bing Ling Boi Loi 13 4 14 2 0.844 0.563 0.438 -0.206 0.40 Ngau nhién
11 BingLing Vang Trimng 16 3 11 2 0.844 0.438 0.344 -0.141 0.61 Ngau nhién
12 BingLing Trim 14 1 13 4 0.844 0.438 0.406 0.206 1.32 Ngau nhién
13 BingLing Xwongcd 9 5 18 0 0.844 0.719 0.563 -0.269 227 Ngau nhién
14 BingLing B hon 13 2 14 3 0.844 0.500 0.438 0.086 0.22 Ngau nhién
15 BingLing Cho x6t 13 1 14 4 0.844 0.469 0.438 0.232 1.68 Ngau nhién
16 D¢ Boi Loi 14 2 16 0 0.938 0.563 0.500 -0.228 1.60 Ngau nhién
17 D¢ Vang Trung 18 2 12 0 0.938 0.438 0.375 -0.293 2.67 Ngau nhién
18 D¢ Tram 17 1 13 1 0.938 0.438 0.406 -0.033 0.03 Ngau nhién
19 D¢ Xuwongcd 7 0 23 2 0.938 0.719 0.719 0.413 5.33  Quan h¢ duong
20 D¢ B6 hon 14 0 16 2 0.938 0.500 0.500 0.258 2.07 Ngau nhién
21 Dé Cho x6t 16 1 14 1 0.938 0.469 0438 -0.016 0.00 Ngau nhién
22 Boi loi Vang Trung 11 7 7 7 0.563 0.438 0.219 -0.111 0.38 Ngau nhién
23 Boi loi Tram 7 3 11 11 0.563 0.438 0.344 0.397 4.99 Quan h¢ duong
24 Boiloi Xuongcd 5 10 13 4 0.563 0.719 0.406 0.009 0.00 Ngau nhién
25 Boiloi B6 hon 11 9 7 5 0.563 0.500 0.219 -0.252 2.00 Ngau nhién
26 Boiloi Cho x6t 13 10 5 4 0.563 0.469 0.156 -0.434 597 Quanh¢ am
27 Vang tring Tram 9 9 5 9 0.438 0.438 0.156 -0.143 0.64 Ngau nhién
28 Vangtring Xuwongcd 5 14 9 4 0.438 0.719 0.281 -0.149 0.69 Ngau nhién
29 Vang trimg B hon 5 7 9 11 0.438 0.500 0.281 0.252 2.00 Ngau nhién
30 Vang trung Cho x6t 7 8 7 10 0.438 0469 0219 0.055 0.09 Ngau nhién
31 Tram Xuongcda 3 12 11 6 0.438 0.719 0.344 0.131 0.53 Ngau nhién
32 Tram B6 hon 6 8 8 10 0.438 0.500 0.250 0.126 0.49 Ngau nhién
33 Tram Cho x6t 11 12 3 6 0.438 0.469 0.094 -0.450 6.42 Quanhéam
34 Xuongci B hon 9 2 14 7 0.719 0.500 0.438 0.348 3.82 Ngau nhién
35 Xuwongcd Cho x6t 16 8 7 1 0.719 0.469 0.219 -0.527 8.80 Quanhé am
36 B hon Cho x6t 9 8 7 8 0.500 0.469 0.219 -0.063 0.12 Ngau nhién
Nguén: Bdo Huy (1997)

trong hon giao, hodc lam giau rimg.

Tir két qua nay c6 thé xac dinh duogc:

Cdc lodi cé quan hé dwong: Xt > X5 = 3.84 va p > 0: Céc loai nay nén duogc lya chon dé

Cdc loai cé quan hé am: R’t > X% 5= 3.84 va p < 0: C4c loai nay khong nén duoc lya chon
dé trong hon giao, hodc 1am giau ring; va can loai trir bot sy canh tranh giita chiing,
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Cdc lodi c6 quan hé ngdu nhién: Rt < ®%s = 3.84: Céc loai nay c6 thé ton tai kha doc lap,
do vay lwya chon chiing hdn giao hay loai trir ciing khong anh huong dén quan hé sinh théi loai.

8.3 M6 hinh quan hé vé&i cac nhan to dinh tinh

Trong thyc té thiét 1ap cdc m6 hinh quan h§, cac bién doc 1ap anh hudng dén bién phu thudc
khong phai bao gio ciing c6 gia tri dinh lugng (s6) dé 1ap mo hinh todn, ma con cé cdc nhéan td dinh
tinh nhu don vi dit, dd me, vi tri dia hinh, vung sinh théi,... Vi du nghién ctu quan h¢ sinh trudng
cAy rung v6i tudi va cic nhan td sinh thdi nhu loai dat, diéu kién khi hau, hoic mé hinh udc tinh
sinh khéi cay rimng theo cdc nhan td diéu tra cAy va yéu td sinh thai, mdi truong rimg. Céc nhan td
dinh tinh nay can duwoc mi héa mot cich thich hop dé xem xét anh hudng cta né dén bién phu
thudc va dua vao mo hinh dé ting do cay.

Mb hinh héi quy da bién dang tuyén tinh hodc tuyén tinh héa hodc phi tuyén, c6 trong sé nhur
da trinh bay ¢ cdc phan trén s& 1a mot cong cu manh gitip cho viéc phat hién céc nhan t dinh lugng
va dinh tinh anh huong dén bién s6 y khao sit.

Pbi v6i dang mo hinh can ma héa bién dinh tinh, cic budc tién hanh nhu sau:

i) Thiét ké thi nghiém hodc thu thap dir liéu vé bién sé phu thudc y va cling véi né 1a cdc nhin
t6 x; du kién c6 anh huong (c6 thé dinh tinh hay dinh Iuong).

ii) Ma héa céc bién dinh tinh theo mot phuong phap thich hop.

iii) Xdc dinh bién sb x;c6 anh huéng dén y & mirc d¢ tin cay 95%.

iv) Thir nghiém cdc mé hinh tuyén tinh hodc phi tuyén nhiéu 16p biéu dién mdi quan h¢ y =
f(Xi).

v) Phan tich két qua md hinh hdi quy da bién dé dénh gid chiéu hudng tic dong cla cdc bién
s6 dd dugc ma héa dén bién phu thudc dé dua ra giai phap.

Minh hoa cho cho ndi dung nay 12 md hinh héa dé xdc dinh cdc nhan t6 dinh tinh va dinh
lwong nhu: sinh thai, 1ap dia, trang thdi rimg anh huong dén sinh truong, ting trudng va mirc thich
nghi ciia cdy téch dugc trong 1am giau rimg khop & tinh Pak Lak (Bao Huy, 2014).

Budc 1: Thiét ké thi nghiém va thu thap sb liéu: BS tri 64 6 thi nghiém trén nhiéu t hop sinh
thdi khdc nhau ciia rimg khop. Cay téch & cdc 64 6 thi nghiém sau khi trong trén 4 nim dugc thu
thap s6 liéu sinh truong, ting trudng téch va cdc nhin td sinh théi trén ¢6 6 thir nghiém nhu d4 me,
don vi dat, t?lng day dat, d4 ndi, két von, d6 tan che, mat do cly rung, ngap nudc,... vi tri, dia hinh,
d6 ddc,... 1y héa tinh dat. M&i 6 xdc dinh murc thich nghi (bién y) (Dir liéu 14).

Buéc 2: Ma héa bién dinh tinh: Cdc nhan té dinh tinh nhu d4 me, don vi dit, ngap nudc... Can
dugc méi héa dé tao thanh bién sé dinh lugng.

C6 hai phuong 4n mi héa. C4ch thirc ma héa khéc nhau s& dan dén viéc Iya chon mo hinh hoi
quy c6 mirc d6 phure tap khac nhau (Bang 8.12):

Ma héa hé thong (co gidi): Céc nhan té dinh tinh duge ma héa hé théng (co gisi): 1, 2, 3,...
Vi dy md héa nhan t6 vi trf dja hinh theo thir ty: Bang = 1; chin = 2; swon = 3 va dinh = 4.
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Ma héa theo chiéu bién thién: Céc nhan t§ dinh tinh dugc md héa theo chiéu bién thién cua
nhan t6 phu thudc. Sip xép nhan t6 dinh tinh theo chiéu bién thién cua bién phu thudc (ting hodc
giam), sau d6 c4c nhan td dinh tinh duoc mai héa theo cung mot vector nhu vay.

Bang 8.12. Hai phuong an ma hoa bién dinh tinh khac nhau va viéc chon lwa mé hinh héi quy khac nhau

Kiéu dang ham mo phong Phuong phdp mi héa bién dinh tinh
H¢ théng (Co gioi) Theo chiéu bién thién, vector
(M héa don gian) cua bién phu thudc

(M3 héa phuc tap)

Tuyén tinh hoac phi tuyén Khong thyc hién duoc hoac

nhung l?ié'n phu thudc theo | sai quy luat Thue hién dugc

mot chiéu (tdng hodc giam)

(Xay dung ham don gian)

Phi tuyén v6i bién phu thude Thyc hién dugc nhung khong

dang tdng giam phac tap, Thue hién duoc can thiét

(Xay dung ham phirc tap) S

Trong minh hoa nay, do su anh hudng ciia cc bién sinh thdi, 1ap dia, 1Am phan, dit dai dén
sinh truéng va ting truong téch trong rimg khop, c6 nghia Ia ting truong téch khong theo mot
chiéu cua sy thay d6i cdc nhan td sinh thdi, dinh tinh. Vi vay, phuong an dugc lya chon la ma héa
céc nhan t sinh thdi theo chiéu bién thién (ciing chiéu) voi sinh truong téch, lic nay mo hinh c6
bién y s& quan hé mot chiéu véi cac bién xi.

Dé mi héa theo chiéu bién thién (thuan hay nghich) cia mirc thich nghi cay téch theo nhan té
dinh tinh nhu don vi dat, dd me; hodc bién thién cia muc thich nghi khong theo ciing chiéu véi céc
cap ctia nhan t6 vi du nhu két von < 30, 30-50, 50-70 va > 70%, mirc thich nghi s& phit hop véi mot
cap nao d6 roi giam xudng. Do vay, néu khong ma héa theo chiéu bién thién ciia murc thich nghi thi
c6 thé xdc dinh sai hodc kém tin cdy sy anh hudng ciia céc nhan t6 sinh thai dinh tinh va phén cp.

Str dung ting trudng chidu cao ciy téch troi (TT H troi) dé xem xét chiéu bién thién theo céc
nhén td, cdp; Vi ting truong cy trdi Ia chi tiéu phan anh muc thich nghi cia téch, tir 46 mi héa
theo chiéu bién thién ting truong ciy tréi. Thuc hién trong Statgraphics theo tiéu chuan Kruskal
Wallis dé kiém tra c6 sy anh huéng ctia nhan t6 d6 voi ting truong ciy troi téch, sau d6 sir dung
trac nghiém Duncan dé xem céc cong thirc, cap, yéu té ndo la ddng nhat hodc khéc biét dé gop
nh6ém va mi héa theo chiéu bién thién.

Vi dy d6i véi nhan té d4 me bao gdbm 4 loai: Bazan, Cat két, Macma axit va Phién sét. Két qua
kiém tra & Bang 8.13 cho thy theo Kruskal-Wallis Test thi P < 0,05, c6 nghia d¢4 me khic nhau anh
huong dén ting truong téch; va Duncan cho thiy d4 phién sét va bazan 1 cling mot nhém va cé
tang truong téch thap nhét, tiép theo 1a bazan, cat két anh huong doc 1ap va cat két cho ting truong
cao nhat.
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Bang 8.13. Két qua kiém tra &nh huéng clia nhan té da me dén tang trwéng cay téch troi

TT H troi cm nam

I

[

Bazan Cat ket

Dame

Macma axit Phien set

TT H troi theo loai da me

Kruskal-Wallis Test for

Method: 95.0 percent Duncan

TT H troi cm nam by Da Da me |Count|Mean |Homogeneous
me Groups
Da me |Sample |Average Phien |58 84.7038|X
Size Rank set
Bazan (427 685.779 Bazan [427 |87.983 |X
Cat ket [835 1111.5 Macma|489 [99.3378| X
Macma (489 776.475 axit
axit Cat ket [835 [128.794 X
Phien (58 629.603
set

Test statistic =251.429 P-

Value = 0.0

Mai héa theo chiéu bién thién (thuan hodc nghich) cua ting truong téch va gop nhém dong
nhit: Phién sét va Bazan = 1 (vi Phién sét va Bazan khong c6 anh hudng khac bi¢t), Macma Axit =
2 va C4t Két = 3. Sau mi héa nhan t6 d4 me, ting trudng cy troi téch bién thién cling chiéu voi gid
tri ma hdéa va c6 sy sai khic ro rét gilra cac yéu t6 da duoc ma héa qua kiém tra lai theo Kruskal-
Wallis va Duncan & do tin cay 95%, két qua ¢ Bang 8.14.

Bang 8.14. Két qua kiém tra &nh huwéng clia ma héa nhan t6 da me dén tang trwéng cay téch troi

134 F

114

104

TT H troi cm nam

94 |

84 |

I

Ma da me

TT H troi theo ma loai da me

Kruskal-Wallis Test for TT

Method: 95.0 percent Duncan

H troi cm nam by Ma da me Ma |Count|Mean |Homogeneous
Ma da|Sample |Average da Groups

me Size Rank me

1 485 679.061 1 [485 [87.5908|X

2 489 776.475 2 [489 199.3378| X

3 835 1111.5 3 [835 [128.794] X

Test statistic = 250.838 P-

Value = 0.0

Tuong ty nhu vdy, ma héa cho toan b cidc nhan td, ce”ip nhin t6 sinh théi, 1ap dia, trang thai
rimg khop theo chiéu bién thién ctia tang truong téch & Bang 8.15.

Bang 8.15. Ma hoa cac nhan t6 sinh thai, lap dia, trang thai rirng theo chiéu bién thién clia tang trudng
cay tang trgi téch

) Ma héa
Stt  Nhan to
1 2 3 4 5 6
1. Do cao so voi 300 -400 100-200 200-300
mat bién (m)
2. Vitri dia hinh Khe Bing Suon +
Dinh
3. Cap do ddc (do) <3 15-20 3-8 8-15
4.  Piame Phién sét + Macma Cit két
Bazan Axit
5. Don vi dat Dat phu sa Dat do Dat den Dat xam | Datxam  Dat nau
co gioi nhe, chua, rat co gioi tang rat soi san tang
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Stt  Nhan t6
1 2 3 4 5 6
dong nuoc ngheo nhe, soi mong nong mong
kiem san sau
Dat x0i mon Dat xam
manh, tro Dat xam Dat co tang
S0i san co gioi tang set mong
nhe chat,
nhan tac,
Dat co it chua
tang set
chat, co
tang ket
von
Dat nau
co gioi
nhe
Dat den
tang mong
6.  Capday dat <30cm,>  30-50cm
50cm
7. Ngép nudc Khong Cé
8. Cép d4 ndi 30 -50% va < 10% 10-30%
> 50%
9. Capkét von <10% 10-30% > 50% 30-50%
10. Capdélan < 10%, 10- > 70% 50-70%
30% va 30-
50%
11. S dat va moc Cé Khong
hoa
12.  Codlao Khong Co
13.  Cap do tan che 10-30%  <10%va>  30-50%
50%
14.  Loaiciyuwuthé  Dau tra beng Cachit  Daudong, Cam lién
rung khdp Chiéu liéu
den, Cam
xe
15.  Cap mat do /ha > 500 cay < 100 cay 300-500
rung khdp va 100-300 cay
cay
16.  Cap BA /ha > 15m’ < 5m’ 5-10m’ 10-15m’
Prodan, Bi
17.  Cép trit luong 100-150m’>  <50m’va  50-100 m’
M/ha > 150 m’
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Stt  Nhan té
1 2 3 4 5
18.  Cép tong dién > 15.000m’, 1.000-
tich tan 10.000- 5000m2 va
15.000m>va _>-000-
< 1.000m> 10.000m
19.  Muc thich nghi Rét t6t Tét Trung Kém
téch binh

Budc 3: Xdc dinh céc bién s x; c6 anh huong dén y: Két qua phén tich nay ciing chi ra duoc

cdc bien s6 c6 quan hé véi nhau va dnh hudng den y.

Bién y trong minh hoa nay Ia “Miic thich nghi ciia téch” trong rimg khop va cdc bién x; tham
dd anh huong dén y 1a cdc nhan t6 dé quan st trén hién truong dé xdc dinh ving thich nghi dé
trong téch: Céc nhan té dinh tinh, dinh lugng dwoc ma héa: “Ngap nudc”, “Ty 18 d4 14n”, “Loai cdy

ring khop vu thé” va “Cép trit lwong rimg khop”.

Str dung chirc ning xac dinh cdc nhan té anh hudng trong Statgraphics trén co s¢ Dit liéu 14

nhu sau:

Nguén: Bio Huy (2014)

Phén tich mbi quan hé

dit Define Measure Analyze | Improve | Control Forecast SpapStats!! Tools View Window Help

Analysis of Variance

P BYRlE PR RNEL 9A T B

giita cic bién s trong Stat: Begression Analysis *|  QneFactor PAEL % il P
. Experimental Design Creation » Multiple Factors 3 Multiple-Variable Analysis (Correlations)...
Improve/ Regress10n Experimental Design Analysis , Attribute Data v Multiple Regression...
. . Mulfiple-Variabli Life Dat: » R Model Selection...
Analysis/Mutiple e S
log(Tang truong _Ho) =onil
Factors/Multiple-Variable | “™™" Ma Da me Fidge Regression..
Jariable Analysis Ma loai dat et
Analysis N r Cap ket von Partial Least Squares...
Trong hép thoal lua Regression Model Selection X

chon mé hinh (Regression i :

AIEEN0AMN..oeed A Dependent Variable:

1 a A3
M9del Selection), nhap BABi E lMa muc thich nahi o
1A 1 B Prodan
bién y Dependent Variable pos
Vél CéC X; Independent E:D BABI Independent Y ariables:
: = N Cap BA Prodan Ma da lan

Variables tham do. CapCoCS Ma loai uu the

Cap da lan Ma M khop

Cap da noi Ma ngap nuoc

Cap day dat

Cap dien tich tan khop

Cap do cao

Eap do doc [Select:)

ap do tan che

Cap Kcach khop |Nam do=2014

Cap ket von

Cap M khop -

Eap N !<th ha v [wieights:]

¥ Sort column names I
0K | Cancel | Delete | Transform.. Help
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Két qua xdc dinh céc nhan té dinh tinh va dinh lwong anh huong dén murc thich nghi cua téch
trong 1am giau rirg khop trong Statgraphics:
Regression Model Selection - Ma muc thich nghi o (Nam do=2014)
Dependent variable: Ma muc thich nghi o
Independent variables:
A=Ma da lan
B=Ma loai uu the
C=Ma M khop
D=Ma ngap nuoc

Selection variable: Nam do=2014
Number of complete cases: 64
Number of models fit: 16
Models with Largest Adjusted R-Squared
Adjusted Included
MSE R-Squared|R-Squared|Cp Variables
0.456631 (44.0861 |41.2904 |3.50413 |ABD
0.460436 (44.5598 |40.8011 (5.0 ABCD
0.460833 (42.6309 |40.75 3.05268 |AD
0.465473 [43.0033 |40.1534 |4.65643 |ACD
0.478036 (40.4894 |38.5383 |5.3317 |AB
0.480323 [41.1849 |38.2441 [6.59158 |ABC
0.485409 (38.5809 |37.5903 |[5.36278 |A
0.488796 (39.1499 |37.1548 |6.75724 |AC
0.684842 (16.1418 |11.9488 |33.2427 |BCD
0.697021 (13.228 10.383 34.3435 (BD
0.709923 [11.6218 |8.72412 |36.0529 |BC
0.727154 (7.99271 6.50873 |37.915 |B
0.737634 [6.66667 |5.16129 |39.3262 |D
0.762526 (3.51715 |1.96098 |42.6779 |C
0.777778 (0.0 0.0 44.4209

The StatAdvisor

This table shows the models which give the largest adjusted R-Squared values. The adjusted R-
Squared statistic measures the proportion of the variability in Ma muc thich nghi o which is
explained by the model. Larger values of adjusted R-Squared correspond to smaller values of
the mean squared error (MSE). Up to 5 models in each subset of between 0 and 4 variables are
shown. The best model contains 3 variables, Ma da lan, Ma loai uu the, and Ma ngap nuoc.

Két qua trén cho thay, ba bién anh huong rd rét dén mirc thich nghi téch 12 ABD: “Ma da lan”,
“Ma loai uu the”, “Ma ngap nuoc”, voi Rzadj, cao nhét va chi tiéu Mallow’s Cp (1973) = 3.5 g?ln
bang 4 (3 bién s6 ABD va mot tham s6 1a hang s6). Hinh 8.9 minh hoa cho R’ dat cuc dai khi s6
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tham s6 ctia mo hinh (s bién x; + 1) bang 4. Vi vy sir dung ba bién sé dinh tinh di dwoc ma héa
theo chiéu bién thién véi mirc thich nghi téch dé 1ap md hinh dy bdo theo cdc nhan té d& quan sat
trén hién truong.

50 -_I T T T T I__
40

30

RA2 adi.

20}

0 1 2 3 4 5 6
So tham so cua mo hinh

Hinh 8.9. Quan hé R%q;. v&i sb tham sé ctia quan hé murc thich nghi téch voi cac nhan t6 sinh thai,
trang thai rieng khop

Budc 4: Thir nghiém va lya chon md hinh t6i wu quan hé giita y va x;: Trén co s& xédc dinh
duoc cdc bién x; anh hudng dén Y, tién hanh 1ap mo hinh quan h¢ y = f(x;) theo cdc dang md hinh
va phuong phép khic nhau.

Trong vi du nay da thir nghiém nhiéu dang ham va két qua cho thdy mé hinh phi tuyén power
1a t6t nhat va woc luong theo phuong phdp phi tuyén tinh ciia Marquardt c6 trong sd, thuc hién
trong phan mém Statgraphics voi Dir liéu 14 nhu sau:

A . A < . e Nonlinear Regression x |
Trong hop thoai MO hinh phi tuyén g ooy
1 : A3 o .
(Nonmlinear Regression): e [ ] e o o s e |
BS% Function:
ié O M A Ca aMa da lan"b"Ma loai uu the"c
Bién phu thu¢c (Dependenr Variable): T6  |c=ee
<A : : CapCo CS
hgp bién: Ma muc thich nghi o/Ma ngap nuoc E:g 52!?51
o day do
1 A N ~ Cap dien tich tan khop
Function: Nhiap ham mi: Codocn
Cap do tan che
*Ma da lan"b*Ma loai uu thec Eopkatvon IWeighs)
a : 1 vgn 1/Ma loai uu the™-20
IS}
A ap pf
0 i . 1 A (Select:)
Trong s0 (Weight): 1/Ma loai uu the®-20 [ S {—

[v Sort column names

0K Cancel | Delete ‘ Transform. | Help ‘

Két qua thiét 1ap mo hinh phi tuyén c6 trong s theo Marquardt trong Statgraphics quan hé mirc
thich nghi téch véi cdc nhan t6 sinh théi dinh tinh:
Nonlinear Regression - Ma muc thich nghi o/Ma ngap nuoc (Nam do = 2014)
Dependent variable: Ma muc thich nghi o/Ma ngap nuoc
Independent variables:
Madalan
Maloaiuuthe

Weight variable: 1/Ma loai uu the*-20
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Selection variable: Nam do = 2014
Function to be estimated: a*Ma da lan”b*Ma loai uu the”c
Initial parameter estimates:

a=5.0

b=0.1

c=0.1

Estimation method: Marquardt

Estimation stopped due to convergence of residual sum of squares.

Number of iterations: 5
Number of function calls: 22

Estimation Results

Asymptotic |95.0%
Asymptotic  |Confidence |Interval
Parameter|Estimate |Standard Lower Upper
Error
a 5.52415 [4.89944 -4.27291 15.3212
b -0.626903 [0.0942846 -0.815437 |-0.438368
c -0.440852 [0.64385 -1.72831  |0.846608

Analysis of Variance

Source Sum of Df |Mean
Squares Square

Model 3.60495E13 (3 [1.20165E13

Residual 2.85081E12 |61 |4.67346E10

Total 3.89003E13 |64

Total (Corr.)|5.91703E12 |63

R-Squared = 51.8202 percent

R-Squared (adjusted for d.f.) = 50.2405 percent
Standard Error of Est. = 216182.

Mean absolute error = 0.603025
Durbin-Watson statistic = 1.81439

Lag 1 residual autocorrelation = 0.0531014

Residual Analysis
Estimation |Validation
n 64 64
MSE |4.67346E10 (0.505104
MAE |0.603025 0.603025
MAPE |29.9875 29.9875
ME - -
0.000174705 |0.000174705
MPE |-10.064 -10.064
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The StatAdvisor

The output shows the results of fitting a nonlinear regression model to describe the relationship
between Ma muc thich nghi o/Ma ngap nuoc and 2 independent variables. The equation of the
fitted model is

Ma muc thich nghi o/Ma ngap nuoc = 5.52415*%Ma da lan”-0.626903*Ma loai uu the”-0.440852

In performing the fit, the estimation process terminated successully after 5 iterations, at which
point the estimated coefficients appeared to converge to the current estimates.

The R-Squared statistic indicates that the model as fitted explains 51.8202% of the variability in
Ma muc thich nghi o/Ma ngap nuoc. The adjusted R-Squared statistic, which is more suitable for
comparing models with different numbers of independent variables, is 50.2405%. The standard
error of the estimate shows the standard deviation of the residuals to be 216182. This value can
be used to construct prediction limits for new observations by selecting the Forecasts option
from the text menu. The mean absolute error (MAE) of 0.603025 is the average value of the
residuals. The Durbin-Watson (DW) statistic tests the residuals to determine if there is any
significant correlation based on the order in which they occur in your data file.

The output also shows aymptotic 95.0% confidence intervals for each of the unknown
parameters. These intervals are approximate and most accurate for large sample sizes. You can
determine whether or not an estimate is statistically significant by examining each interval to see
whether it contains the value 0. Intervals covering 0 correspond to coefficients which may well
be removed form the model without hurting the fit substantially.

Két qua md hinh dugc tém tit trong Bang 8.16. M6 hinh c6 sai s tuyét ddi trung binh MAE =
0.6, chua dén mét murc thich nghi, vi vay c6 do tin cay tét véi sai s6 twong di MAPE = 30%. Bién
thién ciia mirc thich nghi téch theo c4c nhan t6 sinh thdi qua md hinh thé hién ¢ Hinh 8.10.

Bang 8.16. M hinh quan hé gitra mdc thich nghi téch véi 3 nhan 4 sinh thai c¢é thé quan trac truec tiép
trén hién truong

A TS A 2 . Blén
M5 hinh no R™ adj. % Weight MAE MAPE %
Ma muc thich nghi o/Ma ngap nuoc 64 50,24 1/Ma loai 0,60 29,98
5,52415*Ma_da_lan”- uu the”-20

0,626904*Ma loai uu the”-0,440856
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Hinh 8.10. Bién thién “Muc thich nghi” téch theo cac nhan té sinh thai dinh tinh d& xac dinh trén thuc té
qua mo hinh

Budc 5: Phin tich két qua (mg dung cia mo hinh: M6 hinh dugc thiét 1ap thé hién quan hé
gilia bién sb phu thudc va céac bién doc 1ap. Su thay ddi cac bién doc 1ap s€ chira sy bién thién cua
y. Do d6 phan tich, 1ap ma tran anh hudng ciia cdc bién doc 1ap dén phy thudc 1a can thiét dé c6 thé
st dung don gian, tir &6 huéng dan sir dung.

Tiép tuc voi minh hoa 1ap md hinh néi trén, thé cdc gia tri ma hdéa vao mo hinh lap dugc bang
x4c dinh muc thich nghi theo 3 nhin td (Bang 8.17). Trén hién truong quan sat, xac dinh 3 nhan td
nhu sau:

Ngdp nuée hay khéng?: Quan sit va str dung thyuc vat chi thi 1a 2 loai s6 dat va moc hoa, da s6
céc truong hop khi xuat hién 2 loai nay thi dat s& ngap nhe dén ung trong mia mua.

Loai cdy wu thé cia rimg khép: Quan sit dé xdc dinh loai c6 s6 cdy cao nhit trong 1Am phén,
vi€c nay xdc dinh kha thuén loi vi ¢ cic diéu kién 1ap dia khac nhau ring khop c6 loai vu thé khéc
nhau r rét, thudng 12 1 cho dén 2 loai uu thé.

Ty 1¢ dd lan: Dung khoan dét (hodc dao) dén d¢ sau 30-50cm, sau d6 uéc luong ty 1& % soi
14n c6 trong dit.

Bang 8.17. Mdc thich nghi ctia téch theo 3 nhan 6 sinh thai xac dinh nhanh trén hién truéng

Mai / Loai wu thé rimg Ma / Ngap Ma / Cép ty 1¢ dd 1an

khop nuoe 1/<50% 2/>70% 3/50-70%

. 1 / Khong 4 4 3

1/ Dau tra beng
2/C6 4 4 4
1 / Khong 4 3 2
2/ Ca chit

2/C6 4 4 4

3/ Diu déng, Chiéu lieu | 1/Khong 3 2 1

den, Cam xe 2/C6 4 4 3

g 1 / Khong 3 2 1

4 / Cam lién
2/C6 4 4 3
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DO’ LIEU THYC HANH TIN HOC THONG
KE TRONG LAM NGHIEP

Dir li¢u 1: S6 liéu trung binh céc chi tiéu diéu tra rimg trén & miu rit thir trong mot trang thai
rung

Stt DBH H M
1 15 17 34
2 16 18 34
3 17 19 45
4 21 23 45
5 21 23 56
6 22 24 56
7 23 25 56
8 21 23 56
9 22 24 67
10 21 23 67
11 15 17 76
12 25 27 78
13 25 27 78
14 23 25 78
15 24 26 78
16 25 27 78
17 26 28 78
18 21 23 78
19 23 25 89
20 24 26 89
21 34 36 89
22 32 34 89
23 31 33 98
24 29 31 112
25 29 31 113
26 31 33 115
27 35 37 124

Nguén: Tdc gid. Ghi chii: DBH : dauong kinh ngang nguc trung binh cia 6 (cm), H: chiéu

cao trung binh cua 6 (m), M: trit lwong quy ra ha cua 0 mau (m’/ha).
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Dir liéu 2: Carbon tich liiy trong cay rung trén mat dat (tin/ha) & cdc 6 mau (0.1 ha) theo céc
trang thai rung

Trung binh Phuc hoi Go-1006
147.3 433 189.0
109.9 33.4 59.7
161.7 20.9 12.8
107.6 32.7 16.0
226.0 40.6 20.7
172.5 10.1 38.8
126.7 56.0 14.2
159.3 7.0 29.8
126.4 23.2 11.4
190.7 99.4 93.2
135.0 172.6 33.4
75.5 51.4 89.4
97.1 86.4 22.1
147.8 46.2 145.5
204.1 5.3 215.2
126.1 15.8 141.7
161.1 51.2 156.8
58.0 163.9
94.7 92.5
314.6 27.2
209.0 143.0
98.2 76.8
116.9 55.6
165.8 33.7
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Trung binh Phuc hoi Go-166
122.9 45.4
109.7 74.5
93.4 83.0
92.9 50.9
124.1 46.9
169.4 110.8
172.1 100.9
150.4 124.8
85.6 50.6
112.2 38.8
95.3 82.0
85.8 107.0
122.9 11.4
102.1 42.0
88.6 11.1
166.7 16.5

Nguén: Dy dn SNV-REDD+ ¢ huyén Bdo Lam, tinh Lam Pong, 2013
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Dir liéu 3: Sé liéu do cao (H, m) cua cdy tai sinh ring khop

Stt H tai sinh (m) Stt H tai sinh Stt H tai sinh
(m) (m)
1 1.5 21 1.0 41 1.7
2 1.3 22 0.7 42 2.2
3 0.8 23 1.9 43 1.9
4 1.9 24 1.8 44 1.8
5 1.7 25 1.6 45 1.6
6 2.2 26 2.0 46 2.0
7 2.5 27 1.9 47 1.5
8 1.0 28 1.7 48 1.3
9 0.7 29 2.2 49 0.8
10 1.9 30 2.5 50 1.9
11 1.8 31 1.0 51 1.7
12 1.6 32 0.7 52 2.2
13 2.0 33 1.9 53 2.5
14 1.5 34 1.8 54 1.0
15 1.3 35 1.6 55 0.7
16 0.8 36 2.0 56 1.9
17 1.9 37 1.5 57 1.8
18 1.7 38 1.3 58 1.6
19 2.2 39 0.8 59 2.0
20 2.5 40 1.9 60 1.9
61 1.7

Nguon: Tdc gia
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Dir li¢u 4: S6 liéu do cao ciia hai miu theo hai phwong phép trong thong 3 14 bang ciy con va

ré tran
Stt Hcaycon(m) Hrétran(m) Stt Hcay Hré Stt Hcay Hré
con tran con tran
(m) (m) (m) (m)
1 13.6 13 32 11 14 63 9 14
2 14 13.5 33 11 13.5 64 12 13.5
3 13.8 12 34 12.5 12.5 65 8 14
4 13 13 35 11 12.5 66 9 13
5 11.8 12.5 36 11.5 15 67 9.5 13
6 12.8 13 37 12 14.5 68 8 15
7 13.5 12 38 10.5 13.5 69 11 12
8 13.2 12.5 39 12.5 11.5 70 9 13.5
9 11.5 12 40 12.5 15.5 71 12 11
10 11.5 12 41 12.5 15 72 13 12.5
11 10 13 42 11 14 73 11 14
12 13.5 13 43 10 16 74 12 14
13 14 12.5 44 11 15 75 12 14
14 13.5 14 45 11 16.5 76 13 8
15 10 14.5 46 10.5 15.5 77 12.5 15
16 12.8 15 47 12.5 11 78 13 15
17 14 16.5 48 13 13 79 12 14.5
18 12.5 10 49 12.5 11 80 12 15
19 13.5 12 50 12.5 12 81 11.5 15
20 11.8 15 51 10 13.5 82 12 14
21 12.5 13.5 52 11 15 83 11 14.5
22 12.5 13.5 53 12.5 13.5 84 13 12
23 10.5 14 54 13 13.5 85 12 14
24 13 14 55 8 13 86 11.5 14
25 8.5 14 56 10 13.5 87 11 14
26 10 13.5 57 9.5 14 88 12 12
27 13.8 13 58 10 15 89 13 13.5
28 15 13.5 59 8 13 90 11 15
29 13 13 60 8 13 91 12 14
30 11 13.5 61 10.5 12.5 92 12.5 10
31 12.5 14 62 9 13 93 9

Nguon: Tdc gid
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Dir li¢u 5: Céc cap dir liu chiéu cao (H) qua twong quan va do tryc tiép theo duong kinh cay

Stt D (cm) H (m) do truc tiép H (m) qua twong quan
1 31.3 22.0 24.2
2 32.0 21.8 24.8
3 30.6 21.5 23.6
4 27.9 21.6 21.2
5 10.2 6.4 6.6
6 10.2 6.5 6.6
7 9.6 5.9 6.2
8 9.5 5.7 6.1
9 9.5 6.1 6.1
10 10.2 6.0 6.6
11 16.4 7.3 11.5
12 15.9 7.4 11.0
13 10.0 6.5 6.5
14 10.1 6.6 6.5
15 15.7 11.7 10.9
16 15.5 11.8 10.7
17 6.7 3.5 4.1
18 6.8 3.6 4.1
19 11.9 8.0 7.9
20 11.9 8.1 7.9
21 15.5 12.1 10.7
22 154 12.1 10.6
23 10.1 6.1 6.5
24 10.1 6.4 6.5
25 17.7 12.2 12.5
26 18.1 12.4 12.8
27 17.8 15.6 12.6
28 18.3 154 13.0
29 17.4 16.0 12.3
30 16.5 16.2 11.5
31 17.0 15.7 11.9
32 17.2 15.3 12.1
33 14.4 9.3 9.8
34 14.7 9.2 10.1
35 16.1 12.8 11.2
36 14.6 114 10.0
37 29.3 17.1 22.4
38 25.9 16.8 194
39 12.6 9.7 8.4
40 13.9 9.8 9.5

Nguon: Tdc gid
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Dir li¢u 6: Gi4 tri trung binh DBH (cm) cua céc 6 thi nghiém theo 7 xuat xtr théng Pinus

caribeae khac nhau

Ma s6 xuat xir DBH (cm) Mai s6 xuat xir DBH (cm)
1 10.8 4 9.0
1 11.2 4 10.8
1 104 4 11.5
1 9.9 4 8.7
2 12.3 5 14.2
2 11.5 5 12.9
2 9.5 6 12.3
2 10.0 6 12.5
3 9.4 6 12.4
3 10.5 6 10.8
3 11.0 7 7.0
3 9.5 7 9.8

Nguon: Tdc gid
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Dir li¢u 7: Gid tri trung binh DBH (cm) ciia cdc 6 thi nghiém theo 16 xuat x{r thong Pinus

kesiya v6i 4 1an lap lai.

Mai sb xuat xur Lan lap DBH cm Mi s6 xuat  Lan lip DBH cm
XU

1 1 114 9 1 13.8
1 2 11.3 9 2 11.8
1 3 10.8 9 3 11.9
1 4 13.3 9 4 12.1
2 1 114 10 1 11.3
2 2 11.6 10 2 11.8
2 3 10.9 10 3 12.1
2 4 10.9 10 4 11.8
3 1 11.7 11 1 12.6
3 2 12.6 11 2 12.6
3 3 11.7 11 3 13.3
3 4 12.6 11 4 10.9
4 1 13.7 12 1 11.3
4 2 12.1 12 2 12.4
4 3 11.6 12 3 10.5
4 4 11.7 12 4 12.0
5 1 14.1 13 1 12.7
5 2 13.6 13 2 13.4
5 3 13.7 13 3 12.1
5 4 13.7 13 4 10.7
6 1 13.5 14 1 10.1
6 2 114 14 2 9.5
6 3 12.2 14 3 9.8
6 4 11.3 14 4 8.0
7 1 13.8 15 1 10.5
7 2 12.3 15 2 9.4
7 3 12.6 15 3 9.1
7 4 114 15 4 10.9
8 1 14.1 16 1 10.2
8 2 13.3 16 2 11.0
8 3 15.2 16 3 10.8
8 4 13.0 16 4 11.9

Nguon: Tdc gid
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Dir liéu 8: Dit liéu thi nghiém trong lan kim tuyén dudi tén rimg theo 3 nhéan t6: Nguén gc,
d6 cao va do tan che, véi hai lan lap lai, tao thanh 18 t6 hop ba nhan t6 véi 36 6 thi nghiém. Chi
tidu quan sat, danh gid 12 tong sinh khéi tuoi (g) / 6 thi nghiém sau 6 thing giy trong.

Stt Nguén gbc lan Dai cao Do tanche  Tb hop Sinh khéi tuoi (g)
1 Tu nhien <750m <30% 1 0.1
2 Tu nhien <750m <30% 1 1.0
3 Mo <750m <30% 2 0.6
4 Mo <750m <30% 2 0.1
5 Tu nhien <750m 30-70% 3 0.7
6 Tu nhien <750m 30-70% 3 0.3
7 Mo <750m 30-70% 4 1.3
8 Mo <750m 30-70% 4 2.0
9 Tu nhien <750m >70% 5 34
10 Tu nhien <750m >70% 5 4.7
11 Mo <750m >70% 6 33
12 Mo <750m >70% 6 0.5
13 Tu nhien 750-1000m <30% 7 3.7
14 Tu nhien 750-1000m <30% 7 7.8
15 Mo 750-1000m <30% 8 1.2
16 Mo 750-1000m <30% 8 0.8
17 Tu nhien 750-1000m 30-70% 9 3.1
18 Tu nhien 750-1000m 30-70% 9 3.9
19 Mo 750-1000m 30-70% 10 3.5
20 Mo 750-1000m 30-70% 10 2.3
21 Tu nhien 750-1000m >70% 11 4.4
22 Tu nhien 750-1000m >70% 11 1.9
23 Mo 750-1000m >70% 12 1.3
24 Mo 750-1000m >70% 12 1.2
25 Tu nhien >1000m <30% 13 0.0
26 Tu nhien >1000m <30% 13 0.0
27 Mo >1000m <30% 14 0.0
28 Mo >1000m <30% 14 0.0
29 Tu nhien >1000m 30-70% 15 0.5
30 Tu nhien >1000m 30-70% 15 1.1
31 Mo >1000m 30-70% 16 0.1
32 Mo >1000m 30-70% 16 0.2
33 Tu nhien >1000m >70% 17 2.5
34 Tu nhien >1000m >70% 17 1.8
35 Mo >1000m >70% 18 0.5
36 Mo >1000m >70% 18 0.9

Nguén: Nguyén Thi Quynh (2016)
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Dir li¢u 9: Tang truong trung binh chiéu cao cay téch & cac 6 thi nghiém trong lam giau rimg
khop trén bdn loai dd me ¢ Pak Lak

Stt TT _H tren Bazan TT_H tren Cat ket

TT_H tren Macma axit

TT _H tren Phien set

0NN B WN -

AR L L LY L LY LY L) LY W) LN RN NN NN NN NN e e e e e e e e e \©
— O VWO NN P WNNFRF OOV WL OOV WN=O

26.0
31.3
29.6
26.1

96.4
74.6
71.9
65.5
131.0
76.4
63.0
105.3
53.9
35.8
26.0
27.9
32.1
39.1
44.4
30.6
48.5
51.9
33.6
44.8
54.3
53.1
321
43.6
62.1
49.9
515
50.8
48.8
294
42.6
22.0
21.6
25.8
24.4
17.4
31.3
36.7
50.7
50.9
35.6

59.6
19.2
447
32.6
20.4
18.1
30.7
25.6
18.0
22.0
27.0
27.8
233
14.9
37.2
33.9

35.0
38.7
37.9

TT_H: Téang truong chiéu cao trung binh trén 6 thi nghiém, cm. Nguon: Bao Huy (2014)
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Dir li¢u 10: Dir liéu cic gid tri sinh truéng cia 120 1am phan rimng trong téch ¢ Tay Nguyén

Mao Diaphuong A TVKH Loaidat Docao BA Dg Hg Dgo Ho Stha Stopt N A% M

1 EAKMAT 42 IIA3  Fenau do Bazan 400 13.9 31.3 22.0 383 23.0 5178.0 180 0.908 163.5
2 EAKMAT 42 IIA3  Fenau do Bazan 400 13.7 320 21.8 39.8 23.0 5370.1 170  0.942 160.2
3 EAKMAT 42 IIA3  Fenau do Bazan 400 16.2 30.6 21.5 429 223 42333 220 0.837 1842
4 EAKMAT 42 IIA3  Fenau do Bazan 400 12.8 279 21.6 34.6 22.1 31744 210 0.693 1454
5 BJVAM 5 1IIA2  Fe nau do Bazan 340 53 102 64 123 69 72833 650 0.037 24.2
6 BJVAM 5 MA2  Fenau do Bazan 340 51 102 65 127 70 81353 620 0.038 234
7 BIVAM 4 IA2  FenaudoBazan 340 50 96 59 123 6.7 8136.1 690 0.032 22.0
8 BJVAM 4 IA2  FenaudoBazan 340 46 95 57 124 64 67251 650 0.030 19.7
9 BIVAM 4 IA2  FenaudoBazan 340 46 95 6.1 119 6.8 80422 650 0.032 20.8
10  BIVAM 4 1IIA2  Fenau do Bazan 340 51 102 6.0 12.1 6.8 73132 630 0.036 22.6
11 BJVAM 5 1IIA2  Fe nau do Bazan 340 139 164 73 198 7.9 23799.8 660 0.105 69.5
12 BJVAM 5 1IIA2  Fe nau do Bazan 340 13.8 159 74 188 8.0 243794 690 0.101 695
13 NNUNG 5 1IIA5  Fenau do Bazan 600 7.7 100 6.5 13.0 7.5 10021.4 980 0.037 35.9
14  NNUNG 5 1IIAS5  Fenau do Bazan 600 7.8 10.1 6.6 129 7.5 111195 980 0.038 36.9
15 NNUNG 8 1IIAS  Fenau do Bazan 600 18.8 15.7 11.7 19.0 12.3 14012.7 970 0.135 130.7
16 NNUNG 8 1IIAS  Fenau do Bazan 600 18.0 155 11.8 19.1 12.3 15099.8 960 0.131 125.7
17 NNUNG 3 IIA5  Fenau do Bazan 600 34 67 35 97 43 63988 960 0.012 113
18 NNUNG 3 IIA5  Fenau do Bazan 600 36 68 3.6 9.7 42 73199 1000 0.012 12.3
19 NNUNG 7 IIA5  Fe nau do Bazan 600 10.7 119 8.0 16.0 9.0 124739 960 0.060 57.1
20  NNUNG 7 IIAS5  Fenau do Bazan 600 109 119 81 163 89 137232 970 0.061 58.7
21 NNUNG 9 1IIA5  Fe nau do Bazan 600 18.0 155 12.1 18.8 12.5 13296.0 950 0.135 1279
22 NNUNG 9 1IIA5  Fenau do Bazan 600 18.0 154 12.1 18.8 12.5 151403 970 0.132 1279
23 NNUNG 5 1IIA5  Fenau do Bazan 600 87 101 6.1 133 7.1 122592 1090 0.036 39.4
24 NNUNG 5 1IIA5  Fenau do Bazan 600 9.1 10.1 64 128 7.2 150369 1140 0.037 41.8
25 DLAP 10 IIA5  Fe nau do Bazan 500 220 17.7 122 21.6 12.8 6291.1 890 0.178 158.2
26 DLAP 10 IIA5  Fe nau do Bazan 500 24.7 18.1 124 21.7 13.0 128479 960 0.186 178.4
27 DLAP 10 IIA5  Fe nau do Bazan 500 262 17.8 15.6 22.6 16.3 114904 1050 0.217 227.6
28 DLAP 10 ITA5  Fenau do Bazan 500 27.0 18.3 154 21.7 15.8 10857.7 1020 0.227 231.6
29 KANA 12 ITA3  Fe nau do Bazan 480 263 174 16.0 22.0 16.8 194875 1110 0.211 233.8
30 KANA 12 ITA3  Fe nau do Bazan 480 22.7 165 162 204 17.0 19220.2 1060 0.192 203.8
31 KANA 12 TTA3  Fe nau do Bazan 480 21.3 17.0 157 21.7 16.6 29048.7 940 0.198 186.5
32 KANA 12 TTA3  Fe nau do Bazan 480 17.0 17.2 153 21.7 16.0 12682.3 730 0.200 145.7
33 KANA 9 1IIA3  Fe nau do Bazan 480 23,6 144 93 18.6 10.5 193429 1440 0.097 140.0
34  KANA 9 1IIA3  Fe nau do Bazan 480 21.1 147 9.2 184 10.1 134073 1240 0.100 123.7
35 KANA 10 ITA3  Fe nau do Bazan 480 15.0 16.1 12.8 204 12.8 117324 740 0.150 111.3
36 KANA 10 IIA3  Fe nau do Bazan 480 11.8 146 11.4 193 13.3 148963 710 0.116 824
37 KANA 14 IIA3  Fe nau do Bazan 480 243 293 17.1 40.1 179 15136.2 360 0.633 227.7
38 KANA 14 IIA3  Fe nau do Bazan 480 20.6 259 16.8 315 17.7 11417.0 390 0.492 191.8
39 KANA 11 ITA3  Fe nau do Bazan 480 7.1 126 9.7 165 109 93684 570  0.077 43.8
40  KANA 11 ITA3  Fe nau do Bazan 480 86 139 9.8 18.6 11.1 8491.0 570  0.093 53.2

248



Mao Diaphuong A TVKH Loaidat Docao BA Dg Hg Dgo Ho Stha Stopt N \Y% M

41 KANA 10 IIA3  Fe nau do Bazan 480 9.3 150 133 19.1 14.6 82115 530 0.137 725
42 KANA 10 IIA3  Fe nau do Bazan 480 10.2 149 109 19.0 12.2 119924 590 0.133 785
43 DLAP 11 IIA5  Fe nau do Bazan 500 22.8 189 119 228 12.7 10407.0 13.8 820 0.196 160.7
44  NNUNG 6 IIA5  Fenau do Bazan 600 85 11.1 88 135 9.6 54050 7.2 870 0.054 472
45 NNUNG 9 1IIA5  Fenau do Bazan 600 75 97 97 13.6 114 6988.0 7.1 1030 0.044 45.7
46 NNUNG 10 IIA5  Fe nau do Bazan 600 12.6 13.6 10.8 16,5 12.2 8948.0 11.1 870 0.094 82.1
47 NNUNG 4 MA5  FenaudoBazan 600 10.0 134 8.6 147 9.0 7547.0 11.1 810 0.078 63.0
48 KANA 13 IIA3  Fe nau do Bazan 480 134 16.8 13.0 204 149 7142.0 137 600 0.166 99.5
49 KANA 15 IIA3  Fe nau do Bazan 480 22.6 28.7 152 37.6 16.0 7247.0 25.1 350 0.547 191.6
50 KANA 11 TTA3  Fenau do Bazan 480 12.8 156 132 192 143 5056.0 102 670 0.145 96.9
51 KANA 10 IIA3  Fe nau do Bazan 480 19.2 16.7 13.1 21.0 142 14027.0 17.1 880 0.165 145.0
52 KANA 13 TTA3  Fenau do Bazan 480 115 175 150 21.7 164 6319.0 17.0 480 0.201 96.7
53 KANA 9 1IIA3  Fe nau do Bazan 480 76 137 98 164 10.8 2348.0 54 510 0.089 455
54  BIVAM 6 1IIA2  Fe nau do Bazan 340 16.0 17.7 92 21.6 10.8 7834.0 143 650 0.142 925
55 BIVAM 5 1IIA2  Fe nau do Bazan 340 79 125 6.6 159 7.3 4877.0 95 640 0.057 363
57 DLAP 13 IIA5  Fe nau do Bazan 500 184 17.8 159 233 169 4687.0 80 740 0218 161.6
58 DLAP 13 IIA5  Fe nau do Bazan 500 163 17.0 158 223 17.1 5947.0 125 720 0.198 142.7
59 DLAP 13 IIA5  Fe nau do Bazan 500 20.5 159 129 20.7 13.7 53740 7.4 1030 0.148 152.0
60  DLAP 13 IIA5  Fe nau do Bazan 500 19.8 15.8 132 203 139 52580 7.1 1010 0.148 1499
61 DLAP 13 IIA5  Fe nau do Bazan 500 13.8 189 158 24.1 16.6 5658.0 16.0 490 0.245 120.0
62 DLAP 13 IIA5  Fe nau do Bazan 500 26.3 19.1 162 24.0 17.2 4849.0 7.0 910 0.255 2323
63 DLAP 13 TIA5  Fenau do Bazan 500 20.2 165 15.6 24.1 17.2 5280.0 9.4 910 0.185 168.1
64  DLAP 13 IIA5  Fe nau do Bazan 500 252 202 165 27.1 17.6 8449.0 13.7 780 0.290 226.1
65 DLAP 13 IIA5  Fe nau do Bazan 500 25.7 19.7 162 255 16.8 8044.0 124 840 0.272 228.1
66 KANA 14 IIA3  Fe nau do Bazan 480 254 20.7 159 262 172 6687.0 123 760 0.295 2244
67 KANA 11 A3  Fe nau do Bazan 480 17.5 164 127 20.5 13.7 3532.0 5.6 830 0.155 128.8
68 KANA 11 ITA3  Fe nau do Bazan 480 164 175 123 227 13.0 6611.0 124 680 0.172 117.2
69 KANA 11 ITA3  Fe nau do Bazan 480 14.0 169 148 212 19.0 3942.0 84 620 0.186 115.2
70  KANA 10 IIA3  Fe nau do Bazan 480 15.8 159 119 19.7 132 33980 6.1 800 0.139 111.0
71 KANA 16 IIA3  Fe nau do Bazan 480 18.5 27.6 19.4 333 209 15292.0 60.6 310 0.619 191.8
72 KANA 16 IIA3  Fe nau do Bazan 480 15.6 262 182 323 19.1 8036.0 31.0 290 0.529 1533
73 KANA 16 IIA3  Fe nau do Bazan 480 16.9 30.6 192 41.6 20.8 11627.0 50.5 230 0.754 1734
74  KANA 12 IIA3  Fe nau do Bazan 480 15.0 159 11.0 202 12.2 2329.0 34 760 0.131 994
75 KANA 12 IIA3  Fe nau do Bazan 480 85 145 104 175 114 15240 4.0 500 0.104 522
76 KANA 12 IIA3  Fe nau do Bazan 480 11.6 153 11.0 19.6 123 1811.0 3.1 630 0.121 763
77 KANA 14 IIA3  Fe nau do Bazan 480 340 23.1 16.8 289 17.5 15174.0 19.8 810 0.385 3115
78 KANA 14 IIA3  Fe nau do Bazan 480 28.8 21.1 16.0 269 17.8 6783.0 10.8 820 0.308 252.9
79 KANA 10 IIA3  Fe nau do Bazan 480 17.0 15.8 11.8 195 13.1 3838.0 64 870 0.136 1184
80 KANA 10 IIA3  Fe nau do Bazan 480 15.7 156 11.7 19.1 12.8 2967.0 4.7 820 0.132 108.1
81 KANA 13 ITIA3  Fe nau do Bazan 480 16.6 19.0 133 24.0 143 9331.0 20.1 580 0216 1252
82 KANA 13 IIA3  Fe nau do Bazan 480 13,5 18.0 143 234 158 7069.0 18.1 530 0.205 108.7
83 KANA 13 ITIA3  Fe nau do Bazan 480 103 172 12.8 223 14.1 4137.0 126 440 0.172 755
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Mao Diaphuong A TVKH Loaidat Docao BA Dg Hg Dgo Ho Stha Stopt N \Y% M

84 BIVAM 7 1IA2 Fe nau do Bazan 340 70 167 82 220 9.1 1890.0 63 320 0.117 374
85 BIVAM 7 1IA2 Fe nau do Bazan 340 6.5 145 88 175 9.7 24860 69 380 0.093 35.2
86 BIVAM 7 1IA2 Fe nau do Bazan 340 84 1677 97 212 104 2667.0 8.7 380 0.132 50.0
87 BIVAM 5 IIA2 Fe nau do Bazan 340 1.9 92 65 11.1 72 1040.0 3.6 280 0.030 85
88 BIVAM 6 IIA2 Fe nau do Bazan 340 39 119 80 169 93 3743.0 119 350 0.058 204
89 BIVAM 6 IIA2 Fe nau do Bazan 340 43 125 88 175 104 25960 7.7 350 0.069 24.1
90 BIVAM 5 IIA2 Fe nau do Bazan 340 21 104 70 13.7 80 21340 106 250 0.041 10.2
91 BIVAM 5 IIA2 Fe nau do Bazan 340 20 97 7.1 121 7.7 2004.0 8.1 270 0.036 9.7
92 BIVAM 5 IIA2 Fe nau do Bazan 340 1.6 92 63 120 73 17280 8.6 240 0.030 7.2
93 CUMGA 11 IIA3 Fe nau do Bazan 325 27.6 227 122 269 129 74350 11.1 680 0.288 196.0
94 CUMGA 11 IIA3 Fe nau do Bazan 325 204 172 115 213 124 74150 8.6 880 0.158 139.2
95 CUMGA 11 IIA3 Fe nau do Bazan 325 198 182 119 239 12.1 5382.0 7.2 760 0.182 138.2
96 CUMGA 11 IIA3 Fe nau do Bazan 325 14.0 16.7 11.8 222 12.7 7709.0 125 640 0.152 973
97 CUMGA 11 IIA3 Fe nau do Bazan 325 219 175 11.8 225 122 6237.0 7.2 910 0.167 152.0

98 CUMGA 9 1IIA3 Fe nau do Bazan 325 13.6 155 109 21.0 12.0 6553.0 88 720 0.123 88.9
99 CUMGA 9 1IIA3 Fe nau do Bazan 325 165 163 10.8 214 11.1 6473.0 89 790 0.136 107.1
100 CUMGA 9 1IIA3 Fe nau do Bazan 325 132 154 10.0 195 10.1 49850 7.1 710 0.114 81.2
101 EAKMAT 44 IIA3 Fe nau do Bazan 400 18.4 342 225 469 229 5677.0 284 200 1.077 2154
102 EAKMAT 44 IIA3 Fe nau do Bazan 400 16.7 353 22.8 44.6 232 4471.0 263 170 1.161 197.3
103  EAKMAT 44 IIA3 Fe nau do Bazan 400 26.6 434 25.1 57.8 253 5529.0 30.7 180 1.906 343.1
GT1 KANA 16 IIA3 Fe nau do Bazan 480 16.5 279 19.7 342 20.6 7814.0 353 280 0.640 179.3
GT2 CUMGA 11 IIA3 Fe nau do Bazan 325 147 17.0 144 204 148 5702.0 108 650 0.184 119.6
GT3 BIJVAM 8 IIA2 Fe nau do Bazan 340 77 143 86 187 103 5763.0 18.1 490 0.089 434
GT4 NNUNG 5 [1IIAS Fe nau do Bazan 600 10.6 133 9.0 144 109 58160 7.1 1050 0.079 83.0

GT5 DLAP 13 IIAS Fe nau do Bazan 500 215 18.1 17.1 224 17.7 9804.0 127 840 0.240 201.3
I DLAP 13 IIAS Fe nau do Bazan 500 29.6 192 154 23.1 159 2940.0 4.1 1020 0.248 252.5
II DLAP 14 TIIAS Fe nau do Bazan 500 192 190 152 255 165 4572.0 6.2 680 0.240 163.2
I KANA 17 1IA3 Fe nau do Bazan 480 23.7 290 16.2 354 17.3 7206.0 23.6 360 0.588 211.8
v DLAP 12 TIAS Fe nau do Bazan 500 15.0 16.7 134 20.8 153 70360 13.8 680 0.168 114.1

IX EAKMAT 45 IIA3 Fe nau do Bazan 400 12.1 31.0 24.7 359 255 5757.0 434 160 0.959 153.5
v BIVAM 6 IIA2 Fe nau do Bazan 340 27 101 57 129 65 1603.0 53 340 0.034 115
VI BIVAM 6 IIA2 Fe nau do Bazan 340 5.1 112 72 135 7.7 14780 35 520 0.048 25.0
VII BJVAM 7 1IA2 Fe nau do Bazan 340 36 94 58 151 6.8 1843.0 84 520 0.030 154
Vil CUMGA 12 TIA3 Fe nau do Bazan 325 23.8 229 179 282 183 8184.0 15.1 580 0.398 231.0
X EAKMAT 45 IIA3 Fe nau do Bazan 400 12.0 31.0 19.5 33.5 20.1 5504.0 344 160 0.784 1254
XI EAKMAT 44 IIA3 Fe nau do Bazan 400 15.6 31.5 17.7 348 183 6933.0 37.1 200 0.747 149.3

XII KTUM 10 TA3 Fe vang xam Mac 500 126 10.8 93 159 10.8 91780 9.1 1380 0.053 73.6
ma acid

XTI KTUM 12 TIA3 Fe vang xam Mac 500 17.2 14.1 12.8 184 13.3 10730.0 10.8 1100 0.115 126.9
ma acid

Nguén: Biao Huy va cong sw 1998
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Dir liéu 11: Dit liéu sinh khdi cAy rimg trén mat dat va cic bién sb dicu tra cAy rimg & viing
sinh thai nam trung bg, tinh Quang Nam

ID Ma cay Tén loai Tén khoa hoc DBH, H, WD, CA, AGB,
cm m gem’  m’ kg
1 L1 Tram Canarium littorale Blume 146 120 0.588 16.62 67.7
2 1.2 Sé Dillenia indica var. aurea (Sm.) Kuntze 9.6 9.3 0.552 7.07 279
3 1.3 Com Elaeocarpus kontumensis Gagnep. 12.1 115 0.582  9.08 47.8
4 14 Loc virng Barringtonia racenmosa (L.) Spreng. 114 93 0.541 9.08 39.9
5 L5 Tram Syzygium levinei (Merr.) Merr. 13.6 135 0.603 13.85 534
6 1.6 Nhoc Polyalthia nemoralis Aug.DC. 6.5 6.2 0.593  7.07 14.7
7 L7 Sé Dillenia indica var. aurea (Sm.) Kuntze 134 14.0 0.559 13.20 76.0
8 1.8 Sé Dillenia indica var. aurea (Sm.) Kuntze 9.3 11.6 0476  5.73 21.9
9 1.9 Nhoc Polyalthia nemoralis Aug.DC. 135 151 0.614 1075 77.7
10 L.10 Trom Sterculia parviflora Roxb. 12.0 139 0.533 1320 57.1
11 L11 Bui tia llex annamensis Tardieu 6.9 7.6 0.581 2.84 11.8
12 L12 Sé Dillenia indica var. aurea (Sm.) Kuntze 11.0 115 0.536 6.16 34.0
13 .13 Thi ring Diospyros decandra Lour. 145 174 0.664 1320 120.3
14 .14 sp Scaphium lychnophorum (Hance) Pierre 6.2 9.5 0.591 254 9.7
15 L.15 Danh danh Gardenia philastrei Pierre ex Pit. 10.6 129 0.566  9.62 54.3
16 L.16 Tram Canarium littorale Blume 5.6 12.2 0.620 1.33 7.7
17 .17 Nhoc Polyalthia nemoralis Aug.DC. 102 109 0.586 7.07 33.2
18 L.18 sp Scaphium lychnophorum (Hance) Pierre 7.2 10.4 0.638 5.31 13.5
19 L.19 sp Scaphium lychnophorum (Hance) Pierre 102 121 0.568  3.80 354
20 1.20 sp Scaphium lychnophorum (Hance) Pierre 8.5 10.3 0.619 1385 252
21 1.21 D¢ Lithocarpus annamensis (Hickel & A.Camus) Barnett 11.7 14.3 0.585 0.79 442
22 1.22 Tram Syzygium levinei (Merr.) Merr. 7.0 9.4 0.536 2.54 12.0
23 1.23 Loc virng Barringtonia racenmosa (L.) Spreng. 9.1 7.2 0494 6.16 19.8
24 1.24 Gibi Aglaia roxburghiana (Wight & Arn.) Miq. 6.8 8.0 0.659 6.16 18.0
25 1.25 sp Scaphium lychnophorum (Hance) Pierre 8.8 11.0 0.561 2.54 21.1
26 1.26 Tram Syzygium levinei (Merr.) Merr. 164 184 0.567 1521 1004
27 1.27 Xoan dao Prunus ceylanica (Wight.) Miq. 234 18.0 0.589  7.07 238.4
28 1.28 sp Scaphium lychnophorum (Hance) Pierre 21.7 233 0.589  10.18 2485
29 1.29 Gio Nauclea orientalis (L.) L. 169 17.0 0430 9.08 71.5
30 1.30 Mau ché Knema pierrei Warb. 157 142 0.595 1452 80.7
31 1.31 sp Scaphium lychnophorum (Hance) Pierre 18.8 205 0.591 18.10 175.0
32 1.32 Binh Linh Vitex sp. 16.0 143 0.524 2043 100.1
33 1.33 Tram Syzygium levinei (Merr.) Merr. 242 229 0.595 30.19 2835
34 1.34 Méu ché Knema pierrei Warb. 172 163 0.591 2642 136.1
35 1.35 Ngit vang Gironniera subaequalis Planch. 199 135 0.506 1521 1285
36 1.36 Che rirng Camellia fleuryi (A.Chev.) Sealy 323 217 0.505 32.17 610.0
37 1.37 Soi Sapium baccatum Roxb. 359 202 0.544 8.04 450.4
38 1.38 Vang ngh¢ Garcinia hanburyi Hook f. 259 169 0.691 30.19 411.0
39 1.39 Bua Garcinia oliveri Pierre 302 175 0.712  40.72 6443
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ID Ma cay Tén loai Tén khoa hoc DBH, H, WD, CA, AGB,
cm m gem’  m’ kg
40 1.40 Cho Shorea farinosa C.E.C.Fisch. 313 312 0.637 3848 853.7
41 141 Buoi bung Maclurodendron oligophlebium (Merr.) T.G. Hartley 49.5 22.8 0495 46.57 968.2
42 1.42 Buoi bung Maclurodendron oligophlebium (Merr.) T.G. Hartley 36.6 22.2 0.518 40.72 7426
43 1.43 Cho Shorea farinosa C.E.C.Fisch. 428 315 0.630 36.32 19034
44 144 D¢ Lithocarpus annamensis (Hickel & A.Camus) Barnett 54.7 29.2 0.566  24.63  2960.7
45 1.45 Gibi Magnolia braianensis (Gagnep.) Figlar 54.1 335 0.634 40.72 1988.4
46 1.46 Trom Sterculia parviflora Roxb. 49.7 344 0.644 51.53 16518
47 1.47 Com Elaeocarpus kontumensis Gagnep. 555 276 0.598 30.19 747.1
48 1.48 Tram Canarium littorale Blume 55.0 327 0.610 3421 1800.5
49 1.49 Boi 16 14 bdu duc  Litsea elliptica Blume 578 315 0.582  32.17 23454
50 1.50 Tram Canarium littorale Blume 65.0 325 0.640 78.54 36873
51 .51 Cong Calophyllum dryobalanoides Pierre 68.4 264 0.567 201.06 3894.5
52 1.52 Xoan Melia azedarach L. 66.5 35.0 0.502 52.81 2785.9
53 1.53 Tram Canarium littorale Blume 824 335 0.644 201.06 6349.5
54 1.54 Soi Sapium baccatum Roxb. 79.0 345 0.575 5542 3954.1
55 L.55 Cho Shorea farinosa C.E.C.Fisch. 87.7 414 0.663 91.61 8633.0
56 1.1 An tirc hvong Styrax benzoin Dryand. 128 14.1 0.557 491 63.6
57 1.2 Che rung Camellia fleuryi (A.Chev.) Sealy 8.8 8.7 0.613  7.07 22.7
58 1.3 Tram Canarium littorale Blume 135 13.1 0.645 1257 514
59 1.4 Tram Syzygium levinei (Merr.) Merr. 143 12.6 0.620 1521 91.6
60 115 Com Elaeocarpus kontumensis Gagnep. 10.6 6.7 0.572  8.04 14.9
61 1.6 Che rung Camellia fleuryi (A.Chev.) Sealy 124 10.2 0.647  7.07 449
62 1.7 Che rung Camellia fleuryi (A.Chev.) Sealy 8.4 12.3 0.624 3.14 28.1
63 11.8 Nhoc Polyalthia nemoralis Aug.DC. 11.8 11.2 0.640 5.31 479
64 1.9 Cho Shorea farinosa C.E.C.Fisch. 104 15.2 0.553 4.52 50.6
65 1I.10 Son Madhuca alpina (A.Chev. ex Lecomte) A.Chev. 14.8 19.6 0.613 10.18 118.0
66 IL11 Dau da Baccaurea ramiflora Lour. 109 142 0.603 5.73 435
67 IL.12 Ngau rung Aglaia elaeagnoidea (A.Juss.) Benth. 9.2 12.6 0485 1134 198
68 IL.13 Nhoc Polyalthia nemoralis Aug.DC. 5.5 7.1 0.538 3.14 7.0
69 II.14  Thi Diospyros pilosula (A.DC.) Wall. ex Hiern 5.7 6.4 0.621 2.54 6.4
70 IL.15 Thi Diospyros pilosula (A.DC.) Wall. ex Hiern 7.6 9.1 0.641 3.14 19.9
71 IL16  Gibi Magnolia braianensis (Gagnep.) Figlar 7.2 8.1 0.516 491 6.5
72 IL.17 Ngat Gironniera subaequalis Planch. 13.4 141 0.568 13.85 64.3
73 IL.18 Méu ché Knema pierrei Warb. 54 4.7 0.609  4.52 6.8
74 1119  Boiloi Litsea baviensis var. venulosa H. Liu 5.2 74 0.515  7.07 7.6
75 20  Trim Syzygium levinei (Merr.) Merr. 7.2 9.6 0.614 7.07 21.5
76 .21 Méu ché Knema pierrei Warb. 54 68 0.596 9.08 6.9
77 11.22 Son Madhuca alpina (A.Chev. ex Lecomte) A.Chev. 53 9.2 0.633 3.14 8.6
78 11.23 Ngat Gironniera subaequalis Planch. 6.5 5.2 0.549 3.80 6.2
79 II.24  Nhan ring Lepisanthes rubiginosa (Roxb.) Leenh. 4.9 8.5 0.649 3.14 7.3
80 IL.25 Nhoc Polyalthia nemoralis Aug.DC. 5.1 5.8 0.577 8.04 5.9
81 26  Cho Shorea farinosa C.E.C.Fisch. 9.9 11.1 0.600 6.16 30.0
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ID Ma cay Tén loai Tén khoa hoc DBH, H, WD, CA, AGB,

cm m gem’  m’ kg

82 11.27 D¢ Lithocarpus annamensis (Hickel & A.Camus) Barnett 14.7 16.5 0.549 1195 86.2
83 11.28 D¢ Lithocarpus annamensis (Hickel & A.Camus) Barnett 20.2 20.0 0.626 16.62  260.0
84 11.29 Ldc ving Barringtonia racenmosa (L.) Spreng. 169 104 0.556 2043 1179
85 1130  Cho Shorea farinosa C.E.C.Fisch. 244 185 0.595 2827 3290
86 IL.31 Tram Syzygium levinei (Merr.) Merr. 171 140 0.650 12.57 153.8
87 11.32 sp Scaphium lychnophorum (Hance) Pierre 174 16.1 0.593 8.04 93.8
88 11.33 Buoi bung Maclurodendron oligophlebium (Merr.) T.G. Hartley 18.0 17.0 0.560 1134 1034
89 11.34 D¢ Lithocarpus annamensis (Hickel & A.Camus) Barnett 15.5 17.3 0.517 5.73 83.5
90 IL.35 Nhan rirng Lepisanthes rubiginosa (Roxb.) Leenh. 223 159 0.561 1452 170.7
91 .36  Gibi Aglaia roxburghiana (Wight & Arn.) Miq. 16.8 15.0 0.511  3.80 99.1
92 II.37 Bua Garcinia oliveri Pierre 253 220 0.543 1521 4232
93 .38  Gibi Aglaia roxburghiana (Wight & Arn.) Miq. 266 135 0501 1735 2614
94 11.39 Chiéu liu xanh  Terminalia calamansanay Rolfe 355 273 0.574 1590 903.3
95 1140 D¢ Lithocarpus annamensis (Hickel & A.Camus) Barnett 29.8 14.1 0.570 5542 4578
96 1L.41 Long mang 14 nho Pterospermum diversifolium Blume 37.1 203 0.556 5945 980.3
97 42  Gibi Magnolia braianensis (Gagnep.) Figlar 392 26.1 0.646 2827 12243
98 II.43  Sang miu Horsfieldia amygdalina (Wall.) Warb. 41.1 239 0.565 18.10 968.6
99 II.44  Re Huong Cinnamomum subavenium Miq. 429 278 0.626 27.34 12432
100 IL45 Tram Syzygium levinei (Merr.) Merr. 521 232 0.583 3526 2275.1
101 1146 Ngat Gironniera subaequalis Planch. 414 225 0481 3421 84838
102 1147 D¢ Lithocarpus annamensis (Hickel & A.Camus) Barnett 51.9 24.5 0.645 4536  2376.7
103 1148  Thi Diospyros pilosula (A.DC.) Wall. ex Hiern 48.0 232 0.611 58.09 1503.1
104 1149 Vang trirng Endospermum chinense Benth. 60.0 272 0.570 6648 1782.9
105 1150  Son huyét Melanorrhea curtisii Oliv. 623 254 0.626 66.48 3816.3
106 IL51  Trdm Canarium littorale Blume 512 275 0.634 4536 19333
107 1152 Son Madhuca alpina (A.Chev. ex Lecomte) A.Chev. 533 254 0.646 6221 2074.1
108 1153  Gibi Aglaia roxburghiana (Wight & Arn.) Miq. 659 272 0.660 8495 3032.0
109 1154  Vang nghé Garcinia hanburyi Hook f. 67.5 263 0.698 5027 3608.0
110 IL55  Cho Shorea farinosa C.E.C.Fisch. 75.1 405 0.602 81.71 6575.9

Nguén: Huy et al. (2016b)
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Dir li¢u 12: Gi4 tri sinh truong binh quén ring tréng trdm tring & cdc tinh Lang Son, Béc

Giang va Quang Ninh
Sttt Dia phuong IDo A (Nam) Ho(m) N (cay/ha) Dg(cm) Hg(m) V (m3)

1 CaoLoc 01 (06) 7 7.9 209 6.7 6.5 0.012232

2 CaoLoc 02 (07) 7 4.9 191 3.8 4.7 0.003414

3 ChiLang 1 11 9.4 620 5.7 6.2 0.010826

4 Chi Lang 2 11 7.5 460 3.1 4.6 0.002606

5 Chi Lang 3 10 83 420 4.5 6.5 0.006530

6 Chi Lang 4 10 6.2 475 4.9 42 0.005618

7 Chi Lang 5 11 6.8 450 5.7 6.0 0.011050

8 Chi Lang 6 11 7.8 410 3.6 44 0.003337

9 Chi Lang 7 10 10.7 487 7.3 5.1 0.013604
10 Chi Lang 8 9 8.0 600 10.7 6.7 0.033916
11 Chi Lang 9 9 9.4 450 11.9 8.7 0.053910
12 Chi Lang 10 9 4.3 3.0 3.1 0.002097
13 Chi Lang 11 9 6.6 450 5.4 4.8 0.008501
14 Dinh Lap 1 9 5.5 380 3.7 4.6 0.003944
15 Dinh Lap 2 9 6.6 440 5.6 5.4 0.008004
16 Dinh Lap 3 9 6.4 400 6.1 6.0 0.011446
17 Dinh Lap 4 9 7.6 390 3.3 5.0 0.003450
18 Dinh Lap 5 9 7.2 420 4.7 5.7 0.007081
19 Dinh Lap 6 9 8.6 420 6.4 6.8 0.014201
20 Luc Nam HG 1 5 3.5 327 3.1 3.4 0.002222
21  Luc Nam HG 2 5 5.2 300 4.3 4.5 0.004756
22 Luc Nam HG 3 5 6.0 388 5.8 5.2 0.008695
23 Luc Nam Thuan 1 6 6.5 282 6.0 5.8 0.010743
24 Luc Nam Thuan 2 6 7.9 400 6.7 6.1 0.013859
25 Luc Nam Thuan 3 5 4.7 300 4.7 4.7 0.006295
26 Luc Nam Thuan 4 5 6.5 309 5.7 5.7 0.009483
27 Luc Nam Thuan 5 5 4.0 390 3.6 3.3 0.002855
28 Luc Nam Thuan 6 3 2.5 291 1.4 2.1 0.000343
29  Luc Nam Thuan 7 3 3.4 300 2.4 2.9 0.001217
30 Luc Ngan HG 1 9 6.0 318 3.9 4.3 0.004338
31 Luc Ngan HG 2 9 53 290 4.7 4.3 0.005973
32 Luc Ngan HG 3 9 336 8.4 7.6 0.025633
33 Luc Ngan HG 4 9 5.7 300 3.9 4.3 0.004590
34 Luc Ngan HG 5 9 5.7 463 5.1 5.5 0.009001
35 Luc Ngan HG 6 9 5.8 450 3.4 4.4 0.003680
36 Luc ngan (tram thuan) 1 11 318 11.0 7.9 0.041159
37 Luc ngan (tram thuan) 2 11 7.8 318 8.5 7.7 0.026015
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Sttt Dia phuong IDo A (Nam) Ho(m) N (cay/ha) Dg(cm) Hg(m) V (m’)

38 Luc ngan (tram thuan) 3 11 9.4 327 10.6 8.2 0.039464
39 Luc ngan (tram thuan) 4 11 354 10.2 10.7 0.049755
40 Luc ngan (tram thuan) 5 11 318 9.1 8.5 0.026236
41 Luc ngan (tram thuan) 6 10 10.3 300 10.6 8.0 0.037439
42 Luc ngan (tram thuan) 7 4 2.7 375 1.5 2.3 0.000586
43 Luc ngan (tram thuan) 8 10 8.7 355 10.2 8.1 0.038855
44 Luc ngan (tram thuan) 9 10 8.8 425 10.7 7.3 0.038261
45 Luc ngan (tram thuan) 10 10 11.1 345 10.6 9.0 0.044960
46 Luc ngan (tram thuan) 11 5 3.6 354 2.1 2.7 0.001444
47 Loc Binh 1 7 6.3 400 5.5 6.2 0.010031
48 Son Dong HG 1 5 5.6 280 33 3.8 0.002695
49  Son Dong HG 2 5 4.4 290 2.7 3.5 0.001670
50 Son Dong HG 3 4 4.9 290 33 3.4 0.002458
51 Son Dong HG 4 7 221 6.8 6.2 0.013807
52 Son Dong HG 5 7 6.4 229 5.7 6.0 0.009518
53  Son Dong HG 6 7 4.7 228 5.6 4.6 0.006530
54 Son Dong 1 HG 20 5 4.7 460 5.0 4.7 0.006658
55 Son Dong 1 HG 21 5 350 6.0 5.1 0.008579
56 Son Dong 1 HG 23 5 44 340 3.8 3.9 0.003737
57 Son Dong 1 Thuan 1 5 4.7 463 4.5 3.9 0.005463
58 Son Dong 1 Thuan 2 5 4.8 388 2.7 2.9 0.001658
59  Son Dong 1 Thuan 3 5 4.8 300 3.2 3.5 0.002280
60 Son Dong 1 Thuan 4 4 4.7 388 3.6 3.3 0.003356
61 Son Dong 1 Thuan 5 7 4.0 413 2.0 3.0 0.000855
62 Son Dong 1 Thuan 6 7 3.9 309 2.2 3.2 0.001116
63  Son Dong 1 Thuan 8 7 5.2 413 2.9 3.3 0.001917
64 Son Dong I HG 1 5 4.6 400 3.8 3.9 0.003982
65 Son Dong I HG 2 5 4.1 388 2.9 3.2 0.001935
66 Son Dong I HG 3 9 7.1 450 6.2 6.2 0.013402
67 Son Dong I HG 4 9 9.1 463 7.8 7.6 0.022441
68 Son Dong I HG 5 5 3.9 373 2.9 2.8 0.001774
69 Son Dong I HG 6 9 7.9 425 6.5 6.6 0.014834
70 Son Dong II Thuan 8 8 8.9 388 7.6 6.6 0.020793
71  Son Dong II Thuan 10 10 7.9 562 6.4 6.2 0.012132
72 Son Dong II Thuan 11 10 10.1 400 7.2 6.6 0.018270
73 Son Dong II Thuan 12 10 6.2 388 52 4.5 0.005998

Nguén: Bio Huy va Piao Cong Khanh (2008)
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Dir liéu 13: Bo dit liéu sinh khdi cdy rumg trén mat dat (AGB) rimg 14 rong thudng xanh & 5
viing sinh thai, theo ho thyc vat va cip khdi lugng thé tich g (WD) ¢ Viét Nam

ID Vung Ho thyc vat Tén khoa hoc loai DBH, H, WD, AGB, WD
sinh cm m  glem’ kg class
thai

1 NE  Ulmaceae Gironniera subaequalis 335 245 0485 513.0 WD2

2 NE Others Elaeocarpus tonkinensis 8.7 12.0 0.560 234 WD2

3 NE  Others Adinandra bockiana 25.5 155 0415 197.2 WD2

4 NE Fagaceae Castanopsis sp. 39.5 23.6 0.723 1262.2 WD3

5 NE Others Canarium sp. 129 12.0 0488 51.7 WD2

6 NE Fagaceae Castanopsis sp. 447 24.0 0.613 11299 WD3

7 NE  Others Adinandra bockiana 239 14.8 0390 158.1 WDI1

8 NE Others Elaeocarpus tonkinensis 304 20.1 0.628 4199 WD3

9 NE  Others Garcinia multiflora 126 114 0535 58.6 WD2

10 NE  Others Schefflera heptaphilla 282 194 0378 2614 WDI

11 NE  Lauraceae Cinnamomum balansae 12.1 122 0510 429 WD2

12 NE  Others Manglietia sp. 193 13.7 0405 125.6 WD2

13 NE  Fagaceae Castanopsis sp. 49.7 20.6 0.664 1548.4 WD3

14 NE  Others Rhaphiolepis indica 6.0 9.2 0.756 144 WD3

15 NE  Others Choerospondias axillaris 20.2 21.0 0509 137.2 WD2

16 NE  Others Elaeocarpus tonkinensis 9.7 12.0 0.523 32.0 WD2

17 NE Leguminosae Archidendron tonkinensis 7.8 11.2 0.357 10.8 WDI

18 NE  Others Elaeocarpus tonkinensis 7.6 82 0560 143 WD2

19 NE Leguminosae Cassia javanica 124 14.0 0.517 603  WD2

20 NE  Lauraceae Cinnamomum parthenoxylon 248 18.8 0372 340.2 WDI

21 NE  Others Canarium sp. 172 143 0.442 86.6 WD2

22 NE  Myrtaceae Syzygium chanlos 6.2 6.0 0.570 10.8 WD2

23 NE  Others Trevesia palmata 126 9.6 0410 21.8 WD2

24 NE  Others Prunus arborea 9.7 12.2 0473 30.0 WD2

25 NE Fagaceae Castanopsis sp. 8.6 9.6 0473 23.6 WD2

26 NE Fagaceae Castanopsis sp. 8.1 9.8 0465 22.0 WD2

27 NE  Others Elaeocarpus tonkinensis 11.8 123 0571 472 WD2

28 NE  Others Engelhardtia roxburghiana 394 229 0.528 681.7 WD2

29 NE Euphorbiaceae = Macaranga denticulata 17.7  20.5 0.448 130.2 WD2

30 NE Euphorbiaceae = Mallotus paniculatus 102 16.0 0371 36.8 WDI

31 NE  Others Elaeocarpus tonkinensis 6.7 8.6 0465 10.7 WD2

32 NE  Others Styrax tonkinensis 353 26.5 0.420 5799 WD2

33 NE  Others Choerospondias axillaris 224 193 0.464 122.6 WD2

34 NE Lauraceae Phoebe tovoyana 8.7 12.5 0.521 239 WD2

35 NE Euphorbiaceae = Macaranga denticulata 19.7 23.0 0.441 1648 WD2

36 NE  Others Adinandra bockiana 31.0 172 0.570 4479 WD2

37 NE Fagaceae Lithocarpus sp. 35.1 21.6 0.770 1078.0 WD3

38 NE  Fagaceae Castanopsis sp. 274 185 0.681 477.2 WD3

39 NE Fagaceae Castanopsis sp. 39.6 246 0.662 1013.4 WD3

40 NE Lauraceae Cinnamomum parthenoxylon 30.1 254 0479 5753 WD2

41 NE  Others Styrax tonkinensis 30.2 21.0 0368 339.6 WDI

42 NE  Others Elaeocarpus floribundus 245 18.0 0.616 4024 WD3

43 NE  Others Choerospondias axillaris 35.6 240 0.590 672.3 WD2

44 NE  Fagaceae Castanopsis sp. 50.0 26.0 0.839 2504.1 WD3

45 NE  Others Rhaphiolepis indica 7.9 9.5 0945 254 WD3
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46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95

NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE

Euphorbiaceae
Fagaceae
Others
Lauraceae
Others
Others
Lauraceae
Others
Others
Meliaceae
Others
Others
Others
Lauraceae
Others
Lauraceae
Others
Lauraceae
Fagaceae
Others
Lauraceae
Dipterocarpaceae
Lauraceae
Others
Ulmaceae
Lauraceae
Others
Fagaceae
Myrtaceae
Leguminosae
Myrtaceae
Leguminosae
Dipterocarpaceae
Others
Others
Leguminosae
Lauraceae
Leguminosae
Leguminosae
Lauraceae
Lauraceae
Myrtaceae
Fagaceae
Others
Others
Others
Others
Fagaceae
Fagaceae

Others

Endospermum chinense
Castanopsis sp.
Engelhardtia roxburghiana
Cinnamomum parthenoxylon
Schefflera heptaphilla
Elaeocarpus floribundus
Phoebe tovoyana
Prunus arborea
Manglietia sp.

Aglaia spectabilis
Gmelina arborea
Garcinia multiflora
Canarium parvum
Cinnamomum sp.
Garcinia oblongifolia
Cinnamomum sp.
Pterospermum heterophyllum
Cinnamomum sp.
Castanopsis sp.
Wendlandia paniculata
Cinnamomum sp.

Hopea mollissima

Litsea glutinosa

Prunus arborea
Gironniera subaequalis
Phoebe tovoyana
Huodendron biaristatum
Castanopsis sp.
Syzygium chanlos
Archidendron chevalieri
Syzygium chanlos
Albizia lebbeck

Hopea mollissima
Canarium parvum
Pterospermum heterophyllum
Archidendron chevalieri
Cinnamomum sp.
Archidendron chevalieri
Archidendron chevalieri
Cinnamomum sp.
Cinnamomum sp.
Syzygium chanlos
Castanopsis sp.
Semecarpus perniciosa
Adinandra bockiana
Adinandra glischroloma
Symplocos laurina
Castanopsis sp.
Castanopsis sp.

Pterospermum heterophyllum

49.2
52.9
74.6
55.0
54.5
65.5
6.8

12.5
6.8

7.5

10.5
29.1
16.2
24.5
16.6
33.4
30.9
18.0
65.0
14.5
13.7
15.1
239
36.6
6.8

28.8
24.8
6.4

10.5
28.7
30.6
19.9
57.3
10.7
25.5
443
19.7
27.8
15.9
14.9
35.0
37.4
50.1
27.0
29.7
6.3

8.9

39.6
67.1
11.8

27.0
25.0
32.7
31.3
25.0
28.5
9.0

11.0
8.2

85

10.0
20.4
19.4
21.8
16.5
19.7
19.2
14.3
23.7
12.8
14.4
14.1
15.7
24.2
7.8

14.5
17.5
9.1

12.6
18.2
18.6
15.6
25.2
13.3
22.7
21.6
19.2
17.2
13.0
14.2
23.2
24.5
26.7
19.8
24.6
7.2

10.9
24.7
24.5
15.0

0.428
0.669
0.524
0.526
0.407
0.451
0.366
0.391
0.292
0.433
0.432
0.745
0.581
0.665
0.721
0.659
0.673
0.695
0.801
0.648
0.686
0.928
0.674
0.548
0.507
0.499
0.719
0.608
0.962
0.544
0.787
0.770
0.960
0.594
0.693
0.547
0.743
0.598
0.455
0.748
0.571
0.762
0.544
0.550
0.738
0.598
0.833
0.794
0.719
0.637

1215.2
2296.8
3806.1
2058.2
1090.5
2789.7
6.9
35.2
9.2
11.5
21.4
450.7
153.8
368.4
158.8
792.9
587.9
158.4
2771.9
57.2
83.0
161.5
331.1
666.4
10.4
329.1
294.2
11.9
57.6
360.0
5322
2355
3625.9
36.6
425.8
1007.7
286.9
355.3
74.7
119.9
717.3
958.2
1273.8
316.7
767.4
11.7
33.6
1265.6
24323
52.5

WD2
WD3
WD2
WD2
WD2
WD2
WD1
WD1
WD1
WD2
WD2
WD3
WD2
WD3
WD3
WD3
WD3
WD3
WD3
WD3
WD3
WD3
WD3
WD2
WD2
WD2
WD3
WD3
WD3
WD2
WD3
WD3
WD3
WD2
WD3
WD2
WD3
WD2
WD2
WD3
WD2
WD3
WD2
WD2
WD3
WD2
WD3
WD3
WD3
WD3
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96

97

98

99

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145

258

NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE

Leguminosae
Leguminosae
Lauraceae

Others

Others

Fagaceae
Lauraceae

Others

Lauraceae
Fagaceae
Myrtaceae
Leguminosae
Dipterocarpaceae
Dipterocarpaceae
Dipterocarpaceae
Others
Dipterocarpaceae
Dipterocarpaceae
Others
Dipterocarpaceae
Dipterocarpaceae
Others

Others
Dipterocarpaceae
Dipterocarpaceae
Dipterocarpaceae
Dipterocarpaceae
Others
Leguminosae
Others
Myrtaceae
Leguminosae
Others
Myrtaceae
Others
Leguminosae
Dipterocarpaceae
Others

Others

Others
Myrtaceae
Others

Others

Others

Others
Dipterocarpaceae
Others
Dipterocarpaceae
Others

Leguminosae

Archidendron chevalieri
Archidendron chevalieri
Actinodaphne pilosa
Styrax tonkinensis
Engelhardtia roxburghiana
Castanopsis sp.

Phoebe tovoyana
Garcinia oblongifolia
Cinnamomum parthenoxylon
Castanopsis sp.

Syzygium chanlos
Archidendron chevalieri
Hopea mollissima

Hopea mollissima

Hopea mollissima
Lagerstroemia calyculata
Dipterocarpus alatus
Dipterocarpus alatus
Adina polycephala
Dipterocarpus alatus
Dipterocarpus alatus
Irvingia malayana
Microcos paniculata
Dipterocarpus alatus
Dipterocarpus alatus
Dipterocarpus alatus
Dipterocarpus alatus
Adina polycephala
Antheroporum pierrei
Lagerstroemia calyculata
Syzygium sp.

Xylia xylocarpa
Mangifera minutifolia
Syzygium jambos
Diospyros maritima
Xylia xylocarpa
Dipterocarpus alatus
Lagerstroemia calyculata
Cephalanthus tetrandra
Vitex ajugiflora
Syzygium jambos

NA

Lagerstroemia calyculata
Terminalia triptera

NA

Dipterocarpus alatus
Microcos paniculata
Hopea odorata
Lagerstroemia calyculata

Xylia xylocarpa

37.1
40.4
83

7.8

56.6
70.1
13.2
11.7
49.8
54.0
46.0
28.3
21.2
6.8

28.7
8.4

21.0
22.6
13.4
25.3
20.7
15.9
10.4
11.1
359
329
35.7
349
48.2
349
58.2
27.4
29.5
36.0
17.5
22.5
66.9
12.9
60.1
20.5
65.0
70.9
41.5
36.3
55.1
50.1
14.7
39.2
24.0
20.4

18.5
19.5
10.2
10.3
17.8
27.5
14.2
11.0
23.7
23.2
19.5
13.3
19.2
10.2
19.8
12.5
17.0
18.0
14.6
19.5
19.0
13.8
13.3
10.0
26.8
21.5
20.0
30.0
323
22.3
30.0
25.5
19.3
20.4
17.8
20.9
35.8
14.0
343
19.1
28.0
38.0
28.3
32.4
25.8
322
12.9
23.6
20.8
22.1

0.519
0.477
0.328
0.326
0.690
0.760
0.553
0.647
0.524
0912
0.920
0.482
0.960
0.870
0.885
0.517
0.495
0.477
0.320
0.487
0.505
0.675
0.546
0.471
0.524
0.556
0.543
0.340
0.681
0.521
0.491
0.632
0.470
0.530
0.629
0.620
0.581
0.559
0.357
0.490
0.590
0.666
0.555
0.588
0.575
0.594
0.569
0.554
0.553
0.632

640.6
865.5
15.1
13.4
1750.0
5178.5
88.8
34.6
1671.8
2461.5
1002.7
232.6
344.4
22.8
682.6
23.0
137.8
168.2
36.2
2294
157.7
124.9
34.1
35.6
663.8
560.2
574.0
536.2
2022.2
384.7
1482.7
524.1
374.8
620.8
187.9
312.7
2911.9
53.0
2091.3
117.0
2547.9
4330.3
786.7
803.1
1984.8
1887.3
60.9
800.9
176.8
278.8

WD2
WD2
WD1
WD1
WD3
WD3
WD2
WD3
WD2
WD3
WD3
WD2
WD3
WD3
WD3
WD2
WD2
WD2
WD1
WD2
WD2
WD3
WD2
WD2
WD2
WD2
WD2
WD1
WD3
WD2
WD2
WD3
WD2
WD2
WD3
WD3
WD2
WD2
WD1
WD2
WD2
WD3
WD2
WD2
WD2
WD2
WD2
WD2
WD2
WD3



146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195

SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE

Dipterocarpaceae
Others

Others

Others
Myrtaceae
Dipterocarpaceae
Others
Leguminosae
Others

Others

Others

Others

Others

Others

Others

Others
Leguminosae
Dipterocarpaceae
Others

Others

Others
Leguminosae
Others
Dipterocarpaceae
Dipterocarpaceae
Leguminosae
Dipterocarpaceae
Leguminosae
Others
Dipterocarpaceae
Leguminosae
Others

Others
Leguminosae
Leguminosae
Others

Others
Dipterocarpaceae
Others

Others

Others

Others

Others

Others

Others

Others

Others

Others
Dipterocarpaceae

Dipterocarpaceae

Hopea odorata
Diospyros maritima
Lagerstroemia calyculata
Lagerstroemia calyculata
Syzygium jambos
Dipterocarpus alatus
Terminalia chebula
Bauhinia sp.

Microcos paniculata
Spathodea campanulata
Microcos paniculata
Microcos paniculata
Vitex ajugiflora
Diospyros maritima
Terminalia chebula
Dillenia scabrella

Xylia xylocarpa
Dipterocarpus alatus
Adina polycephala
Mangifera minutifolia
Mischocarpus pentapetalus
Dalbergia oliveri
Lagerstroemia calyculata
Dipterocarpus alatus
Anisoptera costata

Xylia xylocarpa
Dipterocarpus alatus
Peltophorum pterocarpum
Adina polycephala
Dipterocarpus alatus
Antheroporum pierrei
Careya arborea
Lagerstroemia crispa
Dalbergia oliveri
Dalbergia oliveri
Terminalia chebula
Cratoxylum formosum
Dipterocarpus obtusifolius
Lagerstroemia calyculata
Diospyros decandra

NA

Lagerstroemia calyculata
Vitex ajugiflora
Cephalanthus tetrandra
Lagerstroemia crispa
Adina pilulifera

Adina pilulifera
Lagerstroemia calyculata
Dipterocarpus obtusifolius

Shorea siamensis

22.6
14.1
36.6
10.4
48.4
52.5
26.0
18.8
20.4
10.2
9.9

6.8

21.3
12.6
26.0
11.5
339
13.5
23.0
21.4
15.4
9.2

13.7
425
41.2
51.7
72.5
63.7
359
66.5
39.8
15.0
9.8

8.1

11.1
15.2
15.4
30.6
12.3
11.6
19.4
16.0
24.9
24.4
22.3
47.8
30.9
31.5
28.6
55.7

20.9
12.0
26.5
14.6
26.5
27.0
24.1
15.3
18.6
10.5
13.9
9.1

19.6
10.0
243
11.5
27.0
11.7
22.5
15.0
16.2
85

17.3
26.5
26.8
27.5
37.5
31.2
23.6
31.5
27.3
11.3
11.9
6.8

10.5
18.0
16.9
20.2
13.1
15.1
19.5
16.1
21.5
20.5
21.0
25.4
23.2
17.6
21.5
21.8

0.540
0.577
0.558
0.521
0.562
0.519
0.672
0.532
0.562
0.570
0.546
0.538
0.518
0.558
0.651
0.564
0.631
0.505
0.390
0.495
0.512
0.631
0.529
0.576
0.590
0.702
0.587
0.395
0.390
0.525
0.648
0.491
0.623
0.629
0.660
0.594
0.599
0.654
0.531
0.693
0.620
0.552
0.567
0.395
0.623
0.571
0.591
0.528
0.650
0.586

254.0
71.5
552.4
35.5
1754.0
1580.1
365.5
147.2
162.6
329
40.2
11.2
130.2
63.3
241.7
42.0
738.7
49.1
162.4
163.1
83.1
18.8
70.2
1153.0
912.5
2590.5
3313.8
1664.4
603.3
22459
952.3
64.4
30.7
13.1
31.7
127.7
90.6
602.2
39.9
67.7
206.7
62.7
287.5
217.4
309.0
1048.8
503.3
277.0
514.4
1924.3

WD2
WD2
WD2
WD2
WD2
WD2
WD3
WD2
WD2
WD2
WD2
WD2
WD2
WD2
WD3
WD2
WD3
WD2
WD1
WD2
WD2
WD3
WD2
WD2
WD2
WD3
WD2
WD1
WD1
WD2
WD3
WD2
WD3
WD3
WD3
WD2
WD2
WD3
WD2
WD3
WD3
WD2
WD2
WD1
WD3
WD2
WD2
WD2
WD3
WD2
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196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245

260

SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC

Dipterocarpaceae
Dipterocarpaceae
Dipterocarpaceae
Dipterocarpaceae
Others
Dipterocarpaceae
Others

Others

Others
Leguminosae
Leguminosae
Others

Others
Dipterocarpaceae
Leguminosae
Others

Others

Others
Leguminosae
Others

Others
Leguminosae
Leguminosae
Leguminosae
Others

Others

Fagaceae

Others
Leguminosae
Fagaceae

Others
Leguminosae
Leguminosae
Lauraceae

Others
Leguminosae
Others
Euphorbiaceae
Lauraceae
Leguminosae
Leguminosae
Dipterocarpaceae
Fagaceae
Dipterocarpaceae
Others

Others

Others

Meliaceae
Leguminosae

Ulmaceae

Shorea roxburghii

Shorea roxburghii
Dipterocarpus alatus
Shorea roxburghii
Irvingia malayana
Dipterocarpus obtusifolius
Lagerstroemia calyculata
Lagerstroemia crispa
Terminalia chebula

Xylia xylocarpa

Xylia xylocarpa
Terminalia chebula
Terminalia chebula
Shorea roxburghii
Pterocarpus macrocarpus
Vitex ajugiflora

Irvingia malayana
Lagerstroemia calyculata
Pterocarpus macrocarpus
Microcos paniculata
Careya arborea
Pterocarpus macrocarpus
Xylia xylocarpa

Xylia xylocarpa
Mangifera minutifolia
Manglietia dandyi
Lithocarpus pseudosundaicus
Ficus sp.

Erythrophleum fordii
Castanopsis tesselata
Canarium tramdenum
Archidendron balansae
Archidendron balansae
Litsea sp.

Polyalthia sp.

Aidia pycnantha
Canarium tramdenum
Sapium sebiferum
Cinnadenia paniculata
Pithecolobium acumiratum
Ormosia balansae

Vatica odorata
Castanopsis tesselata
Vatica odorata

Helicia cochinchinensis
Engelhardtia roxburghiana
Camelia sp.

Dysoxylum binectariferum
Ormosia balansae

Gironniera subaequalis

68.5
45.2
47.6
30.6
45.6
39.0
30.4
329
36.5
28.8
26.1
25.3
9.9

27.8
16.9
9.4

7.5

8.9

11.9
7.2

11.7
12.9
15.6
52.3
22.3
25.0
5.6

38.8
23.0
323
40.3
35.0
53.3
27.6
455
7.0

35.7
25.5
28.2
23.1
8.1

5.0

11.8
6.3

22.0
29.4
9.6

22.3
10.3
19.7

28.5
21.8
29.0
22.0
20.4
26.7
21.4
18.7
23.5
20.8
23.0
20.5
15.5
19.0
15.6
13.0
10.1
12.3
13.8
10.0
10.7
15.5
16.3
25.7
16.7
14.5
8.4

16.2
19.4
20.5
21.5
16.0
21.4
15.4
22.0
7.6

16.6
17.1
19.2
15.2
9.7

7.2

11.5
9.0

13.8
19.8
11.4
15.7
12.3
12.6

0.570
0.598
0.595
0.571
0.700
0.667
0.524
0.641
0.638
0.669
0.655
0.651
0.627
0.599
0.581
0.540
0.674
0518
0.604
0.535
0.508
0.538
0.661
0.714
0.464
0.429
0.465
0.453
0.687
0.380
0.588
0.431
0.493
0.406
0.392
0.609
0.643
0.342
0.592
0.367
0.451
0.702
0.384
0.672
0.529
0.545
0.434
0.406
0.439
0.437

3582.1
1159.8
1245.0
521.8
889.3
1093.0
311.6
522.8
583.5
402.7
489.9
296.2
39.5
409.4
103.7
25.6
20.3
18.5
52.5
18.0
31.1
57.0
111.3
1690.0
193.7
121.7
9.0
390.9
389.8
321.2
858.7
237.8
741.0
207.6
736.1
16.3
625.5
207.5
3335
136.5
11.5
9.7
38.7
15.1
137.6
350.1
23.4
140.3
35.2
108.7

WD2
WD2
WD2
WD2
WD3
WD3
WD2
WD3
WD3
WD3
WD3
WD3
WD3
WD2
WD2
WD2
WD3
WD2
WD3
WD2
WD2
WD2
WD3
WD3
WD2
WD2
WD2
WD2
WD3
WD1
WD2
WD2
WD2
WD2
WD1
WD3
WD3
WD1
WD2
WD1
WD2
WD3
WD1
WD3
WD2
WD2
WD2
WD2
WD2
WD2



246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295

NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC

Others
Euphorbiaceae
Others
Leguminosae
Fagaceae
Lauraceae
Leguminosae
Others
Fagaceae
Ulmaceae
Others
Leguminosae
Others
Ulmaceae
Fagaceae
Lauraceae
Ulmaceae
Leguminosae
Dipterocarpaceae
Others
Dipterocarpaceae
Euphorbiaceae
Leguminosae
Myrtaceae
Others
Dipterocarpaceae
Dipterocarpaceae
Leguminosae
Lauraceae
Others

Others

Others

Others
Ulmaceae
Others
Fagaceae
Others
Lauraceae
Others

Others

Others
Leguminosae
Others

Others
Fagaceae
Others

Others

Others

Others

Others

Prunus arborea
Endospermum chinense
Elaeocarpus griffithii
Pithecolobium acumiratum
Castanopsis chinensis
Litsea sp.

Pithecolobium acumiratum
Ficus sp.

Castanopsis chinensis
Gironniera subaequalis
Knema conferta
Pithecolobium acumiratum
Dracontomelon duperreanum
Gironniera subaequalis
Castanopsis tesselata
Cinnadenia paniculata
Gironniera subaequalis
Erythrophleum fordii
Vatica odorata

Symplocos sp.

Vatica odorata

Mallotus macrostachyus
Pithecolobium acumiratum
Syzygium jambos
Goniothalamus macrocalyx
Vatica odorata

Vatica odorata
Archidendron eberhardtia
Cryptocarya lenticellata
Engelhardtia roxburghiana
Elaeocarpus griffithii
Knema conferta
Engelhardtia roxburghiana
Gironniera subaequalis
Symplocos laurina
Castanopsis hystrix
Elaeocarpus griffithii
Actinodaphne ellipticibacca
NA

Canarium tramdenum
Engelhardtia roxburghiana
Peltophorum pterocarpum
Rubus parvifolius
Alangium ridleyi
Castanopsis hystrix
Eberhardtia tonkinensis
Engelhardtia roxburghiana
NA

Garcinia oblongifolia

Engelhardtia roxburghiana

24.0
229
19.3
30.6
22.1
20.6
22.6
35.2
19.3
79

11.6
79

18.7
18.3
25.8
14.5
12.1
12.6
6.0

10.1
7.1

9.5

10.3
18.2
59

52.9
70.0
28.7
10.7
39.2
10.4
11.2
38.6
279
22.6
59.0
34.2
17.0
14.8
17.2
16.5
56.5
15.7
16.7
37.4
9.4

33.0
19.6
7.3

7.3

15.9
16.4
11.6
15.7
14.3
14.5
14.6
18.1
14.5
85

9.9

10.0
12.1
12.7
14.8
13.3
10.6
11.9
8.2

10.0
7.8

10.6
13.5
14.8
7.6

24.8
28.7
22.8
8.2

22.6
7.1

9.5

22.1
13.5
17.8
25.4
19.3
15.8
17.5
17.3
18.8
28.2
14.8
14.8
27.3
12.2
20.3
15.4
7.8

11.0

0.427
0.383
0.494
0.448
0.388
0.529
0.437
0.417
0.527
0.384
0.419
0.450
0.462
0411
0.390
0.424
0.500
0.594
0.703
0.366
0.640
0.450
0.482
0.577
0.602
0.760
0.648
0.526
0.487
0.504
0.529
0.575
0.546
0.426
0.469
0.468
0.466
0.380
0.432
0.452
0.444
0.553
0.608
0.618
0.463
0.375
0.573
0.591
0.316
0.526

188.1
136.5
113.2
294.6
167.3
147.3
109.8
351.2
143.1
13.9
34.0
11.4
84.5
72.0
221.7
51.8
37.1
68.8
12.5
21.4
15.4
22.7
36.6
116.3
15.2
2213.1
4605.2
458.8
26.1
784.2
35.8
36.9
504.8
2214
248.9
2436.3
490.4
77.0
78.4
125.3
109.0
2759.2
86.1
147.9
966.5
18.3
730.5
2154
14.2
11.7

WD2
WD1
WD2
WD2
WD1
WD2
WD2
WD2
WD2
WD1
WD2
WD2
WD2
WD2
WD1
WD2
WD2
WD2
WD3
WD1
WD3
WD2
WD2
WD2
WD3
WD3
WD3
WD2
WD2
WD2
WD2
WD2
WD2
WD2
WD2
WD2
WD2
WD1
WD2
WD2
WD2
WD2
WD3
WD3
WD2
WD1
WD2
WD2
WD1
WD2

261



296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
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NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC

Others

Ulmaceae

Others
Dipterocarpaceae
Dipterocarpaceae
Dipterocarpaceae
Dipterocarpaceae
Others

Ulmaceae
Fagaceae

Others

Others
Dipterocarpaceae
Others

Others

Others
Dipterocarpaceae
Dipterocarpaceae
Dipterocarpaceae
Fagaceae

Others
Dipterocarpaceae
Dipterocarpaceae
Others

Others

Ulmaceae
Fagaceae

Others

Others

Others

Lauraceae
Lauraceae
Leguminosae
Others

Others

Others
Dipterocarpaceae
Leguminosae
Leguminosae
Euphorbiaceae
Leguminosae
Leguminosae
Dipterocarpaceae
Fagaceae

Others
Dipterocarpaceae
Others

Ulmaceae
Fagaceae

Others

Garcinia oblongifolia
Gironniera subaequalis
Elaeocarpus griffithii
Vatica odorata

Vatica odorata

Vatica odorata

Vatica odorata
Eberhardtia tonkinensis
Gironniera subaequalis
Castanopsis chinensis
Canarium tramdenum
Canarium tramdenum
Vatica odorata
Engelhardtia roxburghiana
Alangium ridleyi

NA

Vatica odorata

Vatica odorata

Vatica odorata
Castanopsis hystrix
Schima superba

Vatica odorata

Vatica odorata
Engelhardtia roxburghiana
Nephelium cuspidatum
Gironniera subaequalis
Castanopsis chinensis
Garcinia oblongifolia
Eberhardtia tonkinensis
Alangium ridleyi
Endiandra hainanensis
Actinodaphne pilosa
Archidendron eberhardtia
Garcinia oblongifolia
Alangium ridleyi

NA

Vatica odorata
Archidendron eberhardtia
Antheroporum pierrei
Endospermum chinense
Antheroporum pierrei
Antheroporum pierrei
Vatica odorata
Castanopsis hystrix
Garcinia oblongifolia
Vatica odorata

NA

Gironniera subaequalis
Castanopsis chinensis

Alangium barbatum

24.1
13.2
56.2
59.4
41.0
23.1
31.4
18.2
18.6
14.6
14.5
33.8
49.1
53.5
29.0
46.9
38.3
15.8
71.4
48.5
22.4
54.0
65.4
39.1
63.3
39.7
18.4
41.8
25.3
329
27.2
31.6
33.2
24.5
46.3
31.9
9.0

26.1
54.3
37.1
55.1
8.1

36.3
56.9
11.0
30.6
39.6
33.6
26.0
20.9

13.7
12.2
22.6
26.1
23.6
16.1
24.9
13.3
15.8
14.9
12.4
259
27.6
27.5
18.2
16.4
25.6
15.9
36.2
279
23.7
29.8
31.8
19.3
26.6
25.0
17.0
25.8
23.6
17.5
22.4
23.0
21.5
17.7
25.6
15.4
10.9
23.1
33.6
27.2
25.5
9.4

24.8
29.2
12.7
21.3
17.8
17.5
20.8
19.8

0.508
0.449
0.567
0.648
0.742
0.666
0.731
0.376
0.425
0.546
0.626
0.453
0.727
0.552
0.630
0.555
0.707
0.593
0.638
0.589
0.487
0.750
0.676
0.538
0.748
0.460
0.407
0.480
0.340
0.647
0.429
0.425
0.517
0.542
0.621
0.505
0.679
0.497
0.474
0.434
0.468
0.431
0.703
0.574
0.510
0.675
0.548
0.432
0.572
0.391

216.1
50.7
2313.2
2972.5
1513.3
312.0
871.5
89.8
131.7
123.6
85.5
639.1
1688.6
1878.9
792.3
11954
1168.9
127.6
5659.5
1829.7
2155
2356.2
3421.6
511.4
4086.6
673.1
1355
709.8
186.9
926.5
364.5
375.6
524.8
260.9
1614.9
454.9
39.5
458.3
2657.2
625.2
1713.9
14.8
1399.5
2099.7
41.4
868.6
656.2
466.8
519.8
134.3

WD2
WD2
WD2
WD3
WD3
WD3
WD3
WD1
WD2
WD2
WD3
WD2
WD3
WD2
WD3
WD2
WD3
WD2
WD3
WD2
WD2
WD3
WD3
WD2
WD3
WD2
WD2
WD2
WD1
WD3
WD2
WD2
WD2
WD2
WD3
WD2
WD3
WD2
WD2
WD2
WD2
WD2
WD3
WD2
WD2
WD3
WD2
WD2
WD2
WD1



346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395

NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
SCcC
SCcC
SCcC
SCcC
SCcC
SCcC
SCcC
SCC
SCcC
SCcC
SCC
SCC
SCcC
SCC
SCcC
SCcC
SCcC
SCcC
SCC
SCC
SCC
SCC
ScC
SCcC

Others
Dipterocarpaceae
Others
Lauraceae
Dipterocarpaceae
Leguminosae
Euphorbiaceae
Others
Lauraceae
Euphorbiaceae
Others

Others

Others

Others

Others

Others

Others
Leguminosae
Dipterocarpaceae
Others

Others

Others

Others

Others
Fagaceae
Others

Others

Others

Others

Others

Others

Others

Others

Others

Others

Others

Others

Others

Others
Fagaceae
Myrtaceae
Others
Meliaceae
Others
Myrtaceae
Others

Others

Others

Others

Others

Rubus parvifolius
Vatica odorata
Alangium ridleyi
Endiandra hainanensis
Vatica odorata
Erythrophleum fordii
Endospermum chinense
Elaeocarpus griffithii
Cryptocarya lenticellata
Aleurites montana
Alangium ridleyi
Schima superba
Alangium ridleyi
Garcinia oblongifolia
Nephelium cuspidatum
Manglietia dandyi
Artocarpus rigidus
Antheroporum pierrei
Vatica odorata
Nephelium cuspidatum
Elaeocarpus griffithii
Oroxylum indicum
Knema conferta

NA

Castanopsis hystrix
Elaeocarpus griffithii
Canarium littorale Bl.
Sterculia parviflora Roxb.
llex annamensis Tard
Dillenia indica L.

Diospyros decandra

Scaphium lychnophorum (Hance) Kosterm.

Gardenia philastrei Pierre ex Pit.
Canarium littorale BI.

Polyalthia nemoralis A. Dc.

Scaphium lychnophorum (Hance) Kosterm.

Scaphium lychnophorum (Hance) Kosterm.

Dillenia indica L.

Scaphium lychnophorum (Hance) Kosterm.

Lithocarpus annamensis A. Camus.
Syzygium levinei Merr. Et Perry.
Barringtonia racenmosa (L.) Spreng

Aglaia roxburghiana Migq.

Scaphium lychnophorum (Hance) Kosterm.

Syzygium levinei Merr. Et Perry.
Prunus ceylanica (Wight.) Mig.

Scaphium lychnophorum (Hance) Kosterm.

Nauclea orientalis L.
Elaeocarpus kontumensis Gagn.

Knema pierre Warb.

18.1
11.6
45.8
30.1
38.1
11.0
38.1
10.8
9.8

39.5
40.6
60.0
19.6
15.3
21.2
222
22.6
65.3
67.1
66.1
66.0
15.9
79

27.0
59.4
18.6
14.6
12.0
6.9

11.0
14.5
6.2

10.6
5.6

10.2
7.2

10.2
9.6

85

11.7
7.0

9.1

6.8

8.8

16.4
23.4
21.7
16.9
12.1
15.7

14.1
10.9
233
24.9
233
16.1
28.4
13.4
8.9

23.6
21.1
32.0
13.7
15.0
20.4
15.2
20.0
32.6
24.9
26.4
329
15.9
11.2
18.0
26.4
15.3
12.0
13.9
7.6

11.5
17.4
9.5

12.9
12.2
10.9
10.4
12.1
9.3

10.3
14.3
9.4

7.2

8.0

11.0
18.4
18.0
23.3
17.0
11.5
14.2

0.599
0.652
0.622
0.519
0.729
0.640
0.386
0.450
0.588
0.396
0.644
0.537
0.658
0.483
0.630
0.370
0.442
0.578
0.740
0.647
0.527
0.364
0.367
0.516
0.511
0.363
0.588
0.533
0.581
0.536
0.664
0.591
0.566
0.620
0.586
0.638
0.568
0.552
0.619
0.585
0.536
0.494
0.659
0.561
0.567
0.589
0.589
0.430
0.582
0.595

1235
69.0
1528.4
520.9
1628.4
62.3
712.5
54.4
23.2
558.3
837.5
2676.2
249.8
86.2
273.6
142.1
189.6
3796.2
3148.1
2579.2
2169.9
62.8
12.1
271.0
2193.1
121.6
67.7
57.1
11.8
34.0
120.3
9.7
54.3
7.7
33.2
13.5
35.4
279
25.2
442
12.0
19.8
18.0
21.1
100.4
238.4
248.5
71.5
47.8
80.7

WD2
WD3
WD3
WD2
WD3
WD3
WD1
WD2
WD2
WD1
WD3
WD2
WD3
WD2
WD3
WD1
WD2
WD2
WD3
WD3
WD2
WD1
WD1
WD2
WD2
WD1
WD2
WD2
WD2
WD2
WD3
WD2
WD2
WD3
WD2
WD3
WD2
WD2
WD3
WD2
WD2
WD2
WD3
WD2
WD2
WD2
WD2
WD2
WD2
WD2

263



396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
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SCC
SCcC
SCC
SCcC
SCC
SCcC
SCcC
SCcC
SCC
SCcC
SCcC
SCcC
SCC
SCC
SCcC
SCC
SCC
SCC
SCC
SCC
SCC
SCC
SCC
SCcC
SCC
SCcC
SCcC
SCcC
SCcC
SCcC
SCcC
SCC
SCcC
SCC
SCcC
SCcC
SCC
SCC
SCcC
SCC
SCcC
SCcC
SCcC
SCcC
SCC
SCcC
SCC
SCcC
SCcC
SCcC

Others

Others
Myrtaceae
Others
Ulmaceae
Others
Euphorbiaceae
Others

Others

Others
Dipterocarpaceae
Others

Others
Dipterocarpaceae
Fagaceae
Others

Others

Others

Others
Lauraceae
Myrtaceae
Others

Others
Meliaceae
Others
Euphorbiaceae
Dipterocarpaceae
Others

Others

Others

Others

Others

Others
Euphorbiaceae
Meliaceae
Others

Others

Others

Others
Ulmaceae
Others
Lauraceae
Others
Myrtaceae
Others

Others
Ulmaceae
Others

Others

Dipterocarpaceae

Scaphium lychnophorum (Hance) Kosterm.

Vitex plerreana P. Dop.
Syzygium levinei Merr. Et Perry.
Knema pierre Warb.

Gironiera subaequalis Planch.
Camelia fleuryi (Pit.) Sealy
Sapium baccatum Roxb.
Garcinia handburyi Hook.F
Garcinia oliveri Pierre.
Barringtonia racenmosa (L.) Spreng
Shorea farinosa

Acronychia oligophlebia Merr
Acronychia oligophlebia Merr
Shorea farinosa

Lithocarpus annamensis A. Camus.
Magnolia braianensis Gagnep.
Sterculia parviflora Roxb.
Elaeocarpus kontumensis Gagn.
Canarium littorale BI.

Litsea elliptica

Syzygium levinei Merr. Et Perry.
Canarium littorale BI.
Calophyllum dryobalanoides Pierre
Melia azedarach L.

Canarium littorale BI.

Sapium baccatum Roxb.

Shorea farinosa

Polyalthia nemoralis A. Dc.
Dillenia indica L.

Dillenia indica L.

Polyalthia nemoralis A. Dc.
Styrax benjoin Dryand.
Madhuca alpina Chev.
Baccaurea ramiflora Lour.
Aglaia elaeagnoidea Benth.
Polyalthia nemoralis A. Dc.
Diospyros pilosula Hiern.
Diospyros pilosula Hiern.
Magnolia braianensis Gagnep.
Gironiera subaequalis Planch.
Knema pierre Warb.

Litsea baviensis var venulosa Liouho.
Camelia fleuryi (Pit.) Sealy
Syzygium levinei Merr. Et Perry.
Knema pierre Warb.

Madhuca alpina Chev.
Gironiera subaequalis Planch.
Lepisanthes rubiginosa Leenh.
Polyalthia nemoralis A. Dc.

Shorea farinosa

18.8
16.0
24.2
17.2
19.9
323
359
259
30.2
11.4
31.3
49.5
36.6
42.8
54.7
54.1
49.7
55.5
55.0
57.8
13.6
65.0
68.4
66.5
82.4
79.0
87.7
6.5
13.4
9.3
13.5
12.8
14.8
10.9
9.2
5.5
5.7
7.6
7.2
13.4
54
5.2
8.8
7.2
54
53
6.5
4.9
5.1
9.9

20.5
14.3
229
16.3
13.5
21.7
20.2
16.9
17.5
9.3

31.2
22.8
222
31.5
29.2
33.5
34.4
27.6
32.7
31.5
13.5
32.5
26.4
35.0
33.5
34.5
41.4
6.2

14.0
11.6
15.1
14.1
19.6
14.2
12.6
7.1

6.4

9.1

8.1

14.1
4.7

74

8.7

9.6

6.8

9.2

5.2

8.5

5.8

11.1

0.591
0.524
0.595
0.591
0.506
0.505
0.544
0.691
0.712
0.541
0.637
0.495
0.518
0.630
0.566
0.634
0.644
0.598
0.610
0.582
0.603
0.640
0.567
0.502
0.644
0.575
0.663
0.593
0.559
0.476
0.614
0.557
0.613
0.603
0.485
0.538
0.621
0.641
0.516
0.568
0.609
0.515
0.613
0.614
0.596
0.633
0.549
0.649
0.577
0.600

175.0
100.1
283.5
136.1
128.5
610.0
450.4
411.0
644.3
39.9
853.7
968.2
742.6
1903.4
2960.7
1988.4
1651.8
747.1
1800.5
2345.4
53.4
3687.3
3894.5
2785.9
6349.5
3954.1
8633.0
14.7
76.0
21.9
77.7
63.6
118.0
435
19.8
7.0
6.4
19.9
6.5
64.3
6.8

7.6
22.7
21.5
6.9

8.6

6.2

73

59
30.0

WD2
WD2
WD2
WD2
WD2
WD2
WD2
WD3
WD3
WD2
WD3
WD2
WD2
WD3
WD2
WD3
WD3
WD2
WD3
WD2
WD3
WD3
WD2
WD2
WD3
WD2
WD3
WD2
WD2
WD2
WD3
WD2
WD3
WD3
WD2
WD2
WD3
WD3
WD2
WD2
WD3
WD2
WD3
WD3
WD2
WD3
WD2
WD3
WD2
WD3



446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495

SCC
SCC
SCcC
SCC
SCC
SCcC
SCcC
SCcC
SCcC
SCC
SCcC
SCC
SCcC
SCcC
SCC
SCC
SCC
SCC
SCC
SCC
SCC
SCC
SCC
SCC
SCC
SCcC
SCcC
SCcC
SCcC
SCcC
SCcC
SCcC
SCcC
SCC
SCcC
SCcC
NE

NE

NE

NE

NE

NE

NE

NE

NE

NE

NE

NE

NE

NE

Fagaceae
Fagaceae
Others

Others
Dipterocarpaceae
Myrtaceae
Others

Others
Fagaceae
Others
Meliaceae
Others
Meliaceae
Others
Myrtaceae
Fagaceae
Others

Others

Others
Lauraceae
Myrtaceae
Ulmaceae
Fagaceae
Others
Euphorbiaceae
Others

Others

Others

Others
Meliaceae
Others
Dipterocarpaceae
Others

Others

Others
Dipterocarpaceae
Lauraceae
Euphorbiaceae
Others
Fagaceae
Others
Leguminosae
Euphorbiaceae
Dipterocarpaceae
Lauraceae
Euphorbiaceae
Lauraceae
Lauraceae
Others

Dipterocarpaceae

Lithocarpus annamensis A. Camus.
Lithocarpus annamensis A. Camus.
Barringtonia racenmosa (L.) Spreng
Canarium littorale BI.

Shorea farinosa

Syzygium levinei Merr. Et Perry.

Scaphium lychnophorum (Hance) Kosterm.

Acronychia oligophlebia Merr
Lithocarpus annamensis A. Camus.
Lepisanthes rubiginosa Leenh.
Aglaia roxburghiana Migq.
Garcinia oliveri Pierre.

Aglaia roxburghiana Migq.
Terminalia calamansanai Rolfe.
Syzygium levinei Merr. Et Perry.
Lithocarpus annamensis A. Camus.
Pterospermum diversifolia Bl.

Magnolia braianensis Gagnep.

Hosfieldia amygdalina (Wall.) Warb.

Cinnamomum subavenium Miq.
Syzygium levinei Merr. Et Perry.
Gironiera subaequalis Planch.
Lithocarpus annamensis A. Camus.
Diospyros pilosula Hiern.
Endospermum sinensis Benth.
Elaeocarpus kontumensis Gagn.
Melanorhea laccifera Pierre.
Canarium littorale BI.

Madhuca alpina Chev.

Aglaia roxburghiana Migq.
Garcinia handburyi Hook.F
Shorea farinosa

Camelia fleuryi (Pit.) Sealy
Camelia fleuryi (Pit.) Sealy
Polyalthia nemoralis A. Dc.
Shorea farinosa

Phoebe tovoyana

Sapium discolor

Michelia mediocris

Castanopsis sp.

Terminalia bellirica
Archidendron tonkinensis
Endospermum chinense

Vatica odorata

Cryptocarya impressa
Endospermum chinense

Litsea sp.

Phoebe tovoyana

Eberhardtia tonkinensis

Vatica odorata

14.7
20.2
16.9
135
244
17.1
174
18.0
155
223
16.8
25.3
26.6
35.5
143
29.8
37.1
39.2
41.1
429
52.1
414
51.9
48.0
60.0
10.6
62.3
51.2
53.3
65.9
67.5
75.1
124
8.4

118
10.4
8.8

40.1
17.0
19.1
26.1
494
19.7
19.1
174
145
11.1
252
12.7
68.5

16.5
20.0
10.4
13.1
18.5
14.0
16.1
17.0
17.3
15.9
15.0
22.0
13.5
27.3
12.6
14.1
20.3
26.1
239
27.8
23.2
22.5
24.5
23.2
27.2
6.7

25.4
27.5
25.4
27.2
26.3
40.5
10.2
12.3
11.2
15.2
10.3
28.2
14.4
17.0
22.7
28.0
14.7
18.6
17.4
14.0
11.4
15.8
13.0
31.5

0.549
0.626
0.556
0.645
0.595
0.650
0.593
0.560
0.517
0.561
0.511
0.543
0.501
0.574
0.620
0.570
0.556
0.646
0.565
0.626
0.583
0.481
0.645
0.611
0.570
0.572
0.626
0.634
0.646
0.660
0.698
0.602
0.647
0.624
0.640
0.553
0.378
0.359
0.327
0.377
0.472
0.497
0.327
0.785
0.559
0.300
0.395
0.546
0.373
0.715

86.2
260.0
117.9
514
329.0
153.8
93.8
103.4
83.5
170.7
99.1
4232
261.4
903.3
91.6
457.8
980.3
1224.3
968.6
1243.2
2275.1
848.8
2376.7
1503.1
1782.9
149
3801.3
1933.3
2074.1
3032.0
3466.9
6575.9
449
28.1
479
50.6
16.8
680.9
75.0
114.9
330.0
1337.9
82.0
230.6
137.6
46.3
325
288.8
38.2
2908.8

WD2
WD3
WD2
WD3
WD2
WD3
WD2
WD2
WD2
WD2
WD2
WD2
WD2
WD2
WD3
WD2
WD2
WD3
WD2
WD3
WD2
WD2
WD3
WD3
WD2
WD2
WD3
WD3
WD3
WD3
WD3
WD3
WD3
WD3
WD3
WD2
WD1
WD1
WD1
WD1
WD2
WD2
WD1
WD3
WD2
WD1
WD1
WD2
WD1
WD3
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496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545

266

NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE

Lauraceae

Others

Others

Meliaceae
Lauraceae
Lauraceae

Others
Euphorbiaceae
Meliaceae

Others
Leguminosae
Leguminosae
Leguminosae
Leguminosae
Fagaceae

Others

Lauraceae
Fagaceae

Others
Euphorbiaceae
Euphorbiaceae
Others

Ulmaceae
Dipterocarpaceae
Others

Others
Dipterocarpaceae
Others

Others
Leguminosae
Dipterocarpaceae
Leguminosae
Dipterocarpaceae
Dipterocarpaceae
Lauraceae
Lauraceae
Euphorbiaceae
Ulmaceae

Others

Ulmaceae
Dipterocarpaceae
Ulmaceae

Others
Euphorbiaceae
Others

Others

Meliaceae

Others

Lauraceae

Euphorbiaceae

Phoebe tovoyana
Dillenia turbiana
Canarium sp.

Aglaia spectabilis
Cinnamomum glaucescens
Phoebe tovoyana
Tetradium glabrifolium
Macaranga denticulata
Aglaia spectabilis
Tetradium glabrifolium
Archidendron tonkinensis
Archidendron lucidum
Archidendron tonkinensis
Archidendron chevalieri
Castanopsis sp.

Schima wallichii
Phoebe tovoyana
Castanopsis sp.
Sapindus delavayi
Macaranga denticulata
Macaranga denticulata
Euodia sutchuenensis
Gironniera subaequalis
Vatica odorata
Elaeocarpus tonkinensis
Huodendron biaristatum
Vatica odorata

Euodia sutchuenensis
Elaeocarpus tonkinensis
Archidendron tonkinensis
Vatica odorata
Archidendron chevalieri
Vatica odorata

Vatica odorata

Phoebe tovoyana
Phoebe tovoyana
Sapium discolor
Gironniera subaequalis
Ficus trivia

Gironniera subaequalis
Vatica odorata
Gironniera subaequalis
Elaeocarpus tonkinensis
Sapium discolor

Prunus arborea
Symplocos laurina
Aglaia spectabilis
Canarium sp.

Litsea cubeba

Endospermum chinense

51.3
232
63.7
81.8
252
9.2

28.0
134
28.0
31.2
116
9.2

8.9

10.0
12.7
172
374
32.8
10.8
10.6
17.7
455
404
35.2
25.8
26.3
19.1
30.3
33.8
21.0
223
436
14.0
16.9
6.3

449
23.1
447
215
21.6
35.6
39.6
57.1
19.7
8.7

25.7
455
438
229
103

26.1
15.3
31.1
33.5
17.8
13.0
22.6
15.1
21.4
22.8
10.3
11.4
13.5
10.9
14.5
15.9
26.0
23.0
11.5
11.2
16.4
23.1
28.4
26.1
18.0
21.5
17.8
23.4
27.0
17.4
20.2
27.8
12.4
20.6
7.0

30.0
17.7
32.0
17.8
16.3
24.8
30.2
29.5
22.3
10.2
20.2
25.8
33.1
20.2
11.1

0.362
0.559
0.470
0.475
0.335
0.445
0.295
0.339
0.401
0.341
0.383
0.404
0.255
0.408
0.398
0.490
0.491
0.594
0.322
0.300
0.352
0.378
0.404
0.757
0.463
0.406
0.723
0.259
0.586
0.436
0.742
0.508
0.738
0.774
0.398
0.500
0.325
0.472
0.686
0.397
0.964
0.467
0.652
0.435
0.469
0.781
0.441
0.605
0411
0.320

911.9
207.8
2189.0
45319
266.7
30.7
241.4
61.4
357.7
357.4
37.2
20.1
12.2
233
45.2
137.3
938.9
552.3
22.8
27.4
104.4
652.7
738.4
891.4
459.4
263.3
179.5
290.5
722.0
195.9
356.3
1392.1
87.0
148.9
9.5
1078.1
124.6
1081.8
2422
136.6
947.0
890.1
2103.6
137.2
17.7
366.1
918.1
1728.7
161.3
23.2

WD1
WD2
WD2
WD2
WD1
WD2
WD1
WD1
WD2
WD1
WD1
WD2
WD1
WD2
WD1
WD2
WD2
WD2
WD1
WD1
WD1
WD1
WD2
WD3
WD2
WD2
WD3
WD1
WD2
WD2
WD3
WD2
WD3
WD3
WD1
WD2
WD1
WD2
WD3
WD1
WD3
WD2
WD3
WD2
WD2
WD3
WD2
WD3
WD2
WD1



546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588
589
590
591
592
593
594
595

NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC

Fagaceae

Others

Lauraceae
Dipterocarpaceae
Leguminosae
Fagaceae

Others

Others

Others

Others
Euphorbiaceae
Dipterocarpaceae
Dipterocarpaceae
Others

Others

Meliaceae
Dipterocarpaceae
Others

Fagaceae

Others

Meliaceae

Others

Others

Others
Myrtaceae
Others

Others

Others

Others
Euphorbiaceae
Others
Dipterocarpaceae
Others

Ulmaceae
Ulmaceae
Leguminosae
Fagaceae

Others
Dipterocarpaceae
Others
Myrtaceae
Others
Dipterocarpaceae
Fagaceae
Leguminosae
Others
Euphorbiaceae
Others
Euphorbiaceae

Euphorbiaceae

Castanopsis sp.
Nephelium melliferum
Phoebe tovoyana
Vatica odorata

Albizia lebbeck
Castanopsis sp.
Symplocos laurina
Garcinia oblongifolia
Symplocos laurina
Symplocos laurina
Sapium discolor
Shorea roxburghii
Vatica odorata
Pometia pinnata
Holarrhena pubescens
Aglaia spectabilis
Vatica odorata
Adinandra bockiana
Castanopsis sp.
Garcinia oblongifolia
Aglaia spectabilis
Engelhardtia roxburghiana
Ficus vasculosa
Schefflera heptaphilla
Syzygium wightianum
Prunus arborea

Prunus arborea
Elaeocarpus tonkinensis
Choerospondias axillaris
Sapium discolor

Ficus vasculosa

Vatica odorata
Nephelium melliferum
Gironniera subaequalis
Gironniera subaequalis
Archidendron chevalieri
Castanopsis sp.
Garuga pinnata

Vatica odorata
Kitabalia macrophylla
Syzygium zeylanicum
Zygocaeus truncatus
Vatica odorata
Castanopsis chinensis
Erythrophleum fordii
Adinandra integerrima
Endospermum chinense
Prunus arborea
Sapium discolor

Sapium discolor

12.6
11.7
46.0
43.7
55.1
10.7
9.5

11.1
14.7
14.2
18.4
35.5
19.4
47.0
34.1
34.7
85

10.8
6.7

21.5
54

9.9

9.4

5.7

31.7
12.5
33.4
25.3
29.0
28.2
30.5
34.0
61.8
38.8
39.4
49.9
70.3
16.4
59

9.8

13.2
48.0
19.7
259
19.4
36.0
27.1
25.2
38.1
21.5

13.7
15.3
35.5
31.8
30.7
12.8
11.6
12.7
14.5
14.6
18.0
233
16.3
322
25.1
16.0
11.1
11.9
8.8

19.0
6.1

12.6
10.5
8.9

27.2
11.6
21.3
19.7
25.2
222
21.9
21.7
27.4
18.3
27.4
24.2
36.6
17.4
8.2

6.5

11.1
20.5
17.0
16.5
14.5
23.5
22.0
19.5
24.0
21.3

0.431
0.592
0.540
0.902
0.698
0.488
0.558
0.656
0.516
0.565
0.385
0.508
0.830
0.576
0.437
0.512
0.817
0.711
0.766
0.708
0.693
0.409
0.361
0.509
0.797
0.445
0.342
0.560
0.494
0.400
0.479
0.833
0.882
0.531
0.689
0.439
0.889
0.601
0.840
0.556
0.838
0.475
0.703
0.546
0.701
0.469
0.369
0.576
0.415
0.403

55.6
67.0
1398.2
2196.3
1985.3
38.2
23.0
39.9
77.1
84.8
122.6
653.9
209.9
1473.3
518.4
475.1
30.0
472
16.5
209.0
7.2
26.4
19.5
7.0
863.3
38.1
312.0
313.1
444.5
358.0
402.6
919.1
2832.0
664.2
1238.5
1003.5
5521.8
129.2
11.4
18.7
88.1
701.1
246.8
466.7
184.1
607.6
208.5
270.8
692.2
175.6

WD2
WD2
WD2
WD3
WD3
WD2
WD2
WD3
WD2
WD2
WD1
WD2
WD3
WD2
WD2
WD2
WD3
WD3
WD3
WD3
WD3
WD2
WD1
WD2
WD3
WD2
WD1
WD2
WD2
WD1
WD2
WD3
WD3
WD2
WD3
WD2
WD3
WD3
WD3
WD2
WD3
WD2
WD3
WD2
WD3
WD2
WD1
WD2
WD2
WD2
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596
597
598
599
600
601
602
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636
637
638
639
640
641
642
643
644
645

268

NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC

Lauraceae
Dipterocarpaceae
Leguminosae
Ulmaceae
Others
Meliaceae
Fagaceae
Meliaceae
Others
Myrtaceae
Euphorbiaceae
Fagaceae
Fagaceae
Euphorbiaceae
Fagaceae
Leguminosae
Others
Euphorbiaceae
Euphorbiaceae
Euphorbiaceae
Euphorbiaceae
Others
Fagaceae
Euphorbiaceae
Others
Lauraceae
Leguminosae
Euphorbiaceae
Euphorbiaceae
Euphorbiaceae
Euphorbiaceae
Euphorbiaceae
Euphorbiaceae
Others
Fagaceae
Leguminosae
Euphorbiaceae
Euphorbiaceae
Fagaceae
Euphorbiaceae
Euphorbiaceae
Leguminosae
Myrtaceae
Others

Others

Others
Dipterocarpaceae
Dipterocarpaceae
Others

Others

Cryptocarya sp.

Vatica chevalieri
Peltophorum pterocarpum
Gironniera subaequalis
Engelhardtia roxburghiana
Aglaia macrocarpa
Castanopsis chinensis
Aglaia macrocarpa

NA

Syzygium wightianum
Endospermum chinense
Castanopsis pierrei
Castanopsis acuminatissima
Endospermum chinense
Castanopsis pierrei
Ormosia balansae
Manglietia conifera
Endospermum chinense
Endospermum chinense
Endospermum chinense
Endospermum chinense
Pometia pinnata
Castanopsis pierrei
Endospermum chinense
Prunus arborea
Cinnamomum parthenoxylon
Erythrophleum fordii
Endospermum chinense
Endospermum chinense
Endospermum chinense
Endospermum chinense
Endospermum chinense
Endospermum chinense
Alstonia scholaris
Castanopsis pierrei
Ormosia balansae
Endospermum chinense
Endospermum chinense
Castanopsis cerebrina
Endospermum chinense
Endospermum chinense
Sindora siamensis
Syzygium sp.

Canarium sp.

Polyathia lauii
Tarrietia javanica
Vatica odorata

Vatica odorata
Tarrietia javanica

Canarium sp.

35.6
35.6
10.6
38.1
26.4
46.5
39.9
29.0
28.4
27.0
62.0
35.2
18.8
33.5
40.7
35.1
29.6
35.2
59.2
26.5
60.5
25.3
34.7
36.7
20.5
27.0
20.6
55.2
67.2
60.2
45.6
455
35.8
46.5
24.8
22.6
454
46.3
479
12.0
22.0
60.5
29.0
31.5
46.8
47.4
26.0
42.7
70.4
37.4

28.0
30.0
8.4

23.4
20.0
26.0
239
18.0
21.5
18.5
28.1
20.0
10.0
18.0
19.0
23.0
15.0
19.7
29.2
19.7
29.8
22.5
19.5
20.0
14.5
21.0
13.5
25.2
23.7
23.8
24.0
19.5
21.5
18.5
17.0
18.7
22.5
23.0
22.5
9.0

17.0
31.5
17.0
19.7
24.5
27.5
25.5
30.9
349
25.1

0.512
0.686
0.647
0.449
0.431
0.373
0.541
0.500
0.397
0.437
0.401
0.468
0.543
0.398
0.473
0.507
0.383
0.391
0.422
0.404
0.392
0.389
0.518
0.350
0.544
0.364
0.602
0.353
0.368
0.375
0.382
0.361
0.351
0.428
0.434
0.472
0.383
0.353
0.429
0.323
0.385
0.578
0.699
0.750
0.386
0.616
0.925
0.873
0.623
0.708

911.2
997.0
31.3
492.7
271.4
943.2
1435.6
430.5
268.6
257.6
1259.0
449.1
140.0
411.7
727.0
862.8
203.5
289.7
12244
268.1
1314.5
281.2
385.6
400.1
97.1
262.4
234.7
926.0
1199.1
1084.1
782.7
609.8
405.5
586.4
314.5
355.2
557.4
596.7
501.8
26.6
162.3
3409.6
387.4
526.8
847.7
1462.0
635.9
1806.2
2986.3
792.6

WD2
WD3
WD3
WD2
WD2
WD1
WD2
WD2
WD1
WD2
WD2
WD2
WD2
WD1
WD2
WD2
WD1
WD1
WD2
WD2
WD1
WD1
WD2
WD1
WD2
WD1
WD3
WD1
WD1
WD1
WD1
WD1
WD1
WD2
WD2
WD2
WD1
WD1
WD2
WD1
WD1
WD2
WD3
WD3
WD1
WD3
WD3
WD3
WD3
WD3



646
647
648
649
650
651
652
653
654
655
656
657
658
659
660
661
662
663
664
665
666
667
668
669
670
671
672
673
674
675
676
677
678
679
680
681
682
683
684
685
686
687
688
689
690
691
692
693
694
695

NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC

Others

Others
Myrtaceae
Others

Others

Others
Euphorbiaceae
Lauraceae
Others
Myrtaceae
Lauraceae
Others
Ulmaceae
Ulmaceae
Dipterocarpaceae
Euphorbiaceae
Lauraceae
Meliaceae
Others

Others

Others
Euphorbiaceae
Leguminosae
Fagaceae
Myrtaceae
Others
Myrtaceae
Lauraceae
Others

Others
Euphorbiaceae
Myrtaceae
Others

Others

Others

Others

Others

Others

Others
Euphorbiaceae
Meliaceae
Ulmaceae
Leguminosae
Others
Leguminosae
Others
Lauraceae
Others

Others

Others

Tarrietia javanica

Alangium ridleyi

Syzygium wightianum
Xerospermum macrophyllum
Microcos paniculata
Xerospermum macrophyllum
Koilodepas longifolium
Machilus sp.

Artocarpus lakoocha
Syzygium sp.

Cinnamomum sp.

Carallia brachiata
Gironniera subaequalis
Gironniera subaequalis
Vatica odorata

Macaranga denticulata
Machilus odoratissima
Aphanamixis grandiflora
Symplocos sp.

Diospyros sylvatica
Glycosmis citrifolia
Macaranga denticulata
Ormosia sp.

Castanopsis sp.

Syzygium sp.

Alangium ridleyi

Syzygium sp.

Litsea sp.

Xerospermum macrophyllum
Diospyros apiculata
Endospermum chinense
Syzygium sp.

Alangium ridleyi

Alangium ridleyi

Michelia mediocris

Tarrietia javanica
Diospyros apiculata
Diospyros sylvatica
Xerospermum macrophyllum
Koilodepas longifolium
Aphanamixis grandiflora
Gironniera subaequalis
Sindora siamensis

Canarium tramdenum
Ormosia sp.

Xerospermum macrophyllum
Litsea umbellata
Engelhardtia roxburghiana
Canarium tramdenum

Tarrietia javanica

59.6
41.4
54.9
32.5
26.9
25.1
13.1
22.4
11.1
6.1

7.5

10.6
19.7
25.1
5.0

59

14.4
6.4

6.7

24.6
17.2
9.1

7.0

16.8
40.8
54

11.1
12.5
21.0
9.1

14.5
15.1
18.6
21.3
9.6

36.1
7.3

79

9.3

9.7

11.1
15.2
54.8
67.5
65.2
55.1
44.5
32.6
49.8
31.0

34.2
22.7
28.5
26.5
20.4
15.9
17.8
22.1
14.7
8.0

9.0

10.2
14.2
21.0
9.0

6.9

17.5
9.8

7.7

19.2
15.4
10.8
9.6

18.3
20.5
9.3

12.5
14.3
16.5
8.6

15.6
14.3
18.6
14.6
12.5
24.7
6.9

9.0

10.2
11.3
12.2
11.8
31.8
33.1
32.0
22.8
22.1
23.3
26.5
16.4

0.714
0.733
0.639
0.748
0.637
0.864
0.861
0.538
0.416
0.660
0.526
0411
0.453
0.559
0.643
0.780
0.722
0.776
0.658
0.624
0.671
0.823
0.456
0.567
0.721
0.548
0.927
0.665
0.752
0.608
0.396
0.926
0.736
0.765
0.547
0.595
0.646
0.744
0.650
0.792
0.553
0.468
0.677
0.508
0.537
0.942
0.437
0.511
0.528
0.762

2780.3
1324.8
2031.4
551.8
429.9
323.8
104.9
165.6
26.4
9.9
14.9
21.9
126.5
232.7
8.8

9.8
103.6
15.3
10.8
322.1
139.0
41.2
10.7
153.3
990.6
9.3
65.7
66.1
178.1
27.5
59.0
142.2
199.4
240.4
21.5
921.7
15.3
14.3
36.4
439
41.8
36.6
2557.3
3333.8
2801.1
1759.2
650.4
509.8
1366.3
438.3

WD3
WD3
WD3
WD3
WD3
WD3
WD3
WD2
WD2
WD3
WD2
WD2
WD2
WD2
WD3
WD3
WD3
WD3
WD3
WD3
WD3
WD3
WD2
WD2
WD3
WD2
WD3
WD3
WD3
WD3
WD1
WD3
WD3
WD3
WD2
WD2
WD3
WD3
WD3
WD3
WD2
WD2
WD3
WD2
WD2
WD3
WD2
WD2
WD2
WD3
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696
697
698
699
700
701
702
703
704
705
706
707
708
709
710
711
712
713
714
715
716
717
718
719
720
721
722
723
724
725
726
727
728
729
730
731
732
733
734
735
736
737
738
739
740
741
742
743
744
745
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NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC
NCC

Others
Leguminosae
Fagaceae
Dipterocarpaceae
Ulmaceae
Others
Meliaceae
Others
Ulmaceae
Others
Others
Others
Others
Others
Others
Others
Others
Others
Others
Leguminosae
Leguminosae
Fagaceae
Myrtaceae
Others
Others
Others
Others
Others
Others
Lauraceae
Lauraceae
Lauraceae
Lauraceae
Lauraceae
Others
Others
Myrtaceae
Others
Others
Others
Lauraceae
Lauraceae
Others
Myrtaceae
Lauraceae
Others
Others
Others
Euphorbiaceae

Leguminosae

Tarrietia javanica
Erythrophleum fordii
Castanopsis sp.

Vatica odorata
Gironniera subaequalis
Ficus sp.

Aphanamixis grandiflora
Glenniea philippinensis
Gironniera subaequalis
Xerospermum macrophyllum
Xerospermum macrophyllum
Alangium ridleyi
Alangium ridleyi
Canarium sp.

Symplocos sp.

Alangium ridleyi

Knema sp.

Symplocos sp.

Schefflera heptaphilla
Peltophorum pterocarpum
Erythrophleum fordii
Castanopsis sp.

Syzygium sp.

Artocarpus rigidus
Xerospermum macrophyllum
Horsfieldia amygdalina
Knema sp.

Tarrietia javanica
Vernonia arborea
Machilus odoratissima
Cinnamomum obtusifolium
Cryptocarya lenticellata
Litsea sp.

Litsea sp.

Horsfieldia amygdalina
Garcinia oblongifolia
Syzygium sp.

Diospyros apiculata
Artocarpus rigidus
Artocarpus masticata
Machilus sp.
Cinnamomum sp.

Knema sp.

Syzygium sp.

Cryptocarya sp.
Glycosmis citrifolia
Garcinia cowa

Polyathia lauii
Endospermum chinense

Ormosia sp.

55.0
34.5
25.1
28.1
39.3
33.0
74.5
63.0
39.8
29.5
52.7
12.3
10.0
9.2

14.5
6.6

11.5
7.6

26.6
22.6
7.8

10.4
6.4

13.4
59

17.5
9.5

10.4
18.6
45.6
21.7
9.7

17.1
7.0

5.6

5.2

14.1
6.3

15.6
8.6

72.2
10.3
22.7
20.3
12.0
19.0
7.8

58.2
68.5
36.8

25.4
24.1
21.2
21.2
23.1
21.3
333
33.2
26.3
22.8
31.2
13.6
12.4
14.4
19.0
9.3

11.9
9.0

17.7
20.4
9.4

13.0
7.5

16.1
85

12.8
9.3

12.2
21.5
29.5
16.0
10.5
15.9
10.3
6.9

8.4

14.8
6.5

18.5
11.7
33.8
12.9
19.4
21.5
12.0
16.2
9.1

29.2
33.5
239

0.639
0.860
0.597
0.838
0.441
0.480
0.716
0.730
0.581
0.847
0.863
0.652
0.647
0.762
0.573
0.552
0.499
0.679
0.402
0.572
0.584
0.605
0.521
0.448
0.752
0.465
0.497
0.549
0.661
0.442
0.534
0.496
0.518
0.451
0.484
0.667
0.869
0.568
0.746
0.446
0.443
0.473
0.669
0.668
0.443
0.462
0.674
0.435
0.444
0.537

1935.7
1108.0
316.1
623.8
735.7
364.6
3805.0
3240.3
1385.8
698.9
2336.3
63.2
35.0
37.1
75.2
12.9
36.9
13.8
221.7
246.2
16.3
41.8
9.0
38.6
11.2
779
23.2
29.8
207.0
971.9
198.2
31.9
105.6
10.3
4.9

7.1
118.0
9.3
115.7
16.4
2550.6
26.1
258.6
274.4
35.0
85.6
229
1232.8
1971.2
809.3

WD3
WD3
WD2
WD3
WD2
WD2
WD3
WD3
WD2
WD3
WD3
WD3
WD3
WD3
WD2
WD2
WD2
WD3
WD2
WD2
WD2
WD3
WD2
WD2
WD3
WD2
WD2
WD2
WD3
WD2
WD2
WD2
WD2
WD2
WD2
WD3
WD3
WD2
WD3
WD2
WD2
WD2
WD3
WD3
WD2
WD2
WD3
WD2
WD2
WD2



746
747
748
749
750
751
752
753
754
755
756
757
758
759
760
761
762
763
764
765
766
767
768
769
770
771
772
773
774
775
776
777
778
779
780
781
782
783
784
785
786
787
788
789
790
791
792
793
794
795

NCC Dipterocarpaceae Vatica odorata

CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH

Fagaceae
Euphorbiaceae
Others
Myrtaceae
Others
Fagaceae
Lauraceae
Others
Lauraceae
Others
Others
Others
Others
Others
Lauraceae
Others
Others
Euphorbiaceae
Lauraceae
Ulmaceae
Others
Others
Others
Myrtaceae
Others
Meliaceae
Euphorbiaceae
Others
Others
Fagaceae
Myrtaceae
Others
Others
Others
Fagaceae
Others
Myrtaceae
Others
Myrtaceae
Others
Others
Euphorbiaceae
Lauraceae
Fagaceae
Lauraceae
Others
Ulmaceae
Others

Myrtaceae

Castanopsis sp.
Mallotus cochinchinensis
Garcinia oblongifolia
Syzygium zeylanicum
NA

Castanopsis sp.

Phoebe lanceolata
Symplocos sp.

Litsea glutinosa
Cratoxylum prunifolium
NA

Garcinia oblongifolia

Michelia mediocris

Hydnocarpus kurzii (King) Warb

Cinnamomum iners
Alstonia scholaris
Trema orientalis
Mallotus cochinchinensis
Litsea glutinosa
Gironniera nervosa
Prunus arborea

NA

Diospyros ehretioides
Syzygium hancei

Grewia paniculata
Walsura pinnata Hassk.
Macaranga indica

NA

Tetradium sp
Castanopsis sp.
Syzygium sp.
Calophyllum sp.
Lagerstroemia floribunda
Barringtonia acutangula
Castanopsis sp.
Garcinia oblongifolia
Syzygium sp.

Garcinia oblongifolia
Syzygium sp.
Lagerstroemia floribunda
NA

Aporosa microcalyx
Cinnamomum iners
Castanopsis sp.
Cinnamomum iners
Symplocos sp.
Gironniera nervosa
Alphonsea sp.

Syzygium sp.

455
4.7
5.0
5.0
5.1
5.2
53
5.6
5.6
5.6
5.7
5.8
59
6.1
6.4
6.4
6.4
6.5
6.5
6.5
6.5
6.5
6.5
6.6
6.7
6.8
6.8
7.0
7.0
7.0
7.0
7.0
7.0
7.1
7.2
7.2
7.3
7.3
7.5
7.5
7.6
7.6
7.6
7.7
7.7
7.8
79
79
79
8.0

21.4
53
79
6.3
7.1
4.7
6.9
8.8
4.5
5.5
8.7
53
74
5.5
74
9.8
6.1
8.0
7.5
11.5
9.7
8.1
8.8
6.5
39
6.3
6.9
9.5
7.8
8.2
74
85
7.1
10.4
7.6
85
9.4
10.0
9.0
8.7
10.2
9.4
6.3
9.4
9.4
12.5
9.9
10.5
8.4
9.8

0.946
0.622
0.339
0.614
0.597
0.375
0.600
0.395
0.480
0.491
0.416
0.422
0.574
0.397
0.547
0.640
0.425
0.352
0.341
0.681
0.413
0.483
0.219
0.632
0.555
0.459
0.622
0.341
0.695
0.530
0.569
0.326
0.590
0.237
0.435
0.554
0.596
0.682
0.672
0.660
0.603
0.573
0.584
0.522
0.669
0.507
0.528
0.502
0.560
0.546

1191.6 WD3
3.9 WD3
5.0 WD1
53 WD3
9.6 WD2
2.9 WD1
9.5 WD2
5.0 WD1
59 WD2
7.3 WD2
113  WD2
6.2 WD2
7.0 WD2
6.3 WD1
11.6 WD2
112 WD3
6.1 WD2
10.1  WDI
7.3 WD1
148 WD3
10.0  WD2
9.5 WD2
7.1 WD1
9.8 WD3
102 WD2
1.1 WD2
154  WD3
11.0 WDI
147  WD3
16.6 WD2
145 WD2
13.8 WDI
18.0 WD2
6.3 WD1
21.8  WD2
171 WD2
16.0  WD2
445 WD3
164  WD3
18.0 WD3
225 WD3
178  WD2
197  WD2
184  WD2
198 WD3
255 WD2
212 WD2
192  WD2
163 WD2
321  WD2

271



796
797
798
799
800
801
802
803
804
805
806
807
808
809
810
811
812
813
814
815
816
817
818
819
820
821
822
823
824
825
826
827
828
829
830
831
832
833
834
835
836
837
838
839
840
841
842
843
844
845

272

CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH

Lauraceae
Fagaceae
Lauraceae
Others

Others

Others

Others

Others

Others
Euphorbiaceae
Others
Meliaceae
Ulmaceae
Others
Dipterocarpaceae
Dipterocarpaceae
Others
Fagaceae
Others
Euphorbiaceae
Lauraceae
Others

Others

Others
Fagaceae
Myrtaceae
Others
Meliaceae
Meliaceae
Others

Others
Meliaceae
Fagaceae
Others
Euphorbiaceae
Myrtaceae
Others

Others
Meliaceae
Fagaceae
Meliaceae
Others
Myrtaceae
Meliaceae
Lauraceae
Fagaceae
Others

Others
Ulmaceae

Others

Cinnamomum iners
Castanopsis sp.
Cinnamomum parthenoxylon
NA

Knema poilanei

NA

Pterospermum grewiifolium Pierre
NA

Grewia paniculata
Mallotus cochinchinensis
Schima superba

Melia sp.

Gironniera nervosa
Lagerstroemia floribunda
Dipterocarpus duperreanus
Dipterocarpus duperreanus
Styrax annamensis
Castanopsis sp.
Lagerstroemia floribunda
Mallotus cochinchinensis
Cinnamomum iners

NA

NA

Vitex pubescens
Lithocarpus annamensis
Syzygium sp.

Trema orientalis

Aglaia annamensis
Walsura pinnata Hassk.
Trema orientalis

NA

Xylocarpus granatum J.Koenig
Castanopsis sp.

Streblus ilicifolius

Mallotus cochinchinensis
Syzygium sp.
Pterospermum heterophyllum
NA

Chukrasia tabularis A.Juss
Quercus glauca Thunb
Sandoricum sp.

Trevesia palmata

Syzygium sp.

Dysoxylum binectariferum
Litsea glutinosa
Lithocarpus annamensis
Donella Sp.

Trema orientalis
Gironniera subaequalis

NA

8.0
8.1
8.1
8.1
8.2
8.2
83
83
83
85
85
85
8.6
8.6
8.6
8.7
8.7
8.8
8.8
8.8
8.9
8.9
8.9
9.0
9.0
9.0
9.3
9.3
9.4
9.4
9.5
9.7
9.7
9.8
9.8
9.9
9.9
10.0
10.0
10.1
10.1
10.2
10.2
10.2
10.5
10.6
10.7
10.8
10.8
11.0

7.8
6.0
8.9
13.2
11.9
83
7.0
7.3
9.2
9.0
10.5
12.4
8.0
9.9
9.5
6.5
11.3
13.1
10.5
9.6
6.5
8.8
10.3
12.4
11.5
11.6
7.3
11.2
8.0
9.1
9.7
10.7
7.7
7.5
12.5
11.0
13.9
11.6
83
12.5
12.8
10.2
8.9
9.5
8.6
10.8
14.1
9.7
10.6
8.3

0.286
0.658
0.556
0.573
0.344
0.706
0.182
0.580
0.730
0.304
0.303
0.203
0.165
0.410
0.489
0.291
0.455
0.458
0.611
0.318
0.362
0.598
0.545
0.294
0.561
0.597
0.517
0.877
0.590
0.307
0.393
0.467
0.456
0.727
0.353
0.369
0.610
0.598
0.487
0.692
0.493
0.476
0.581
0.725
0.482
0.717
0.744
0.319
0.461
0.451

12.8
13.4
21.0
28.2
15.5
22.4
7.6

19.4
29.1
18.3
25.3
18.8
83

18.1
33.4
14.0
20.7
36.0
279
16.8
13.5
31.5
23.8
21.8
37.1
57.0
24.9
422
40.3
21.2
21.9
34.1
25.0
41.9
44.6
36.2
35.4
34.4
26.9
52.9
28.3
26.3
24.4
41.4
21.4
65.3
60.9
30.3
28.3
279

WD1
WD3
WD2
WD2
WD1
WD3
WD1
WD2
WD3
WD1
WD1
WD1
WD1
WD2
WD2
WD1
WD2
WD2
WD3
WD1
WD1
WD2
WD2
WD1
WD2
WD2
WD2
WD3
WD2
WD1
WD1
WD2
WD2
WD3
WD1
WD1
WD3
WD2
WD2
WD3
WD2
WD2
WD2
WD3
WD2
WD3
WD3
WD1
WD2
WD2



846
847
848
849
850
851
852
853
854
855
856
857
858
859
860
861
862
863
864
865
866
867
868
869
870
871
872
873
874
875
876
871
878
879
880
881
882
883
884
885
886
887
888
889
890
891
892
893
894
895

CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH

Others
Fagaceae
Others
Myrtaceae
Meliaceae
Others
Lauraceae
Others
Meliaceae
Others
Myrtaceae
Others
Others
Lauraceae
Others
Euphorbiaceae
Others
Lauraceae
Myrtaceae
Fagaceae
Others
Others
Others
Others
Others
Fagaceae
Fagaceae
Others
Others
Fagaceae
Others
Others
Others
Meliaceae
Myrtaceae
Lauraceae
Fagaceae
Fagaceae
Others
Others
Fagaceae
Fagaceae
Others
Others
Myrtaceae
Others
Myrtaceae
Others
Dipterocarpaceae

Leguminosae

Garcinia spl
Castanopsis sp.

NA

Syzygium sp.
Sandoricum sp.
Semecarpus sp.
Cinnamomum iners
Morinda sp.
Sandoricum sp.
Lagerstroemia floribunda
Syzygium zeylanicum
Trema orientalis
NA

Litsea glutinosa
Calophyllum calaba
Macaranga indica
Trevesia palmata
Cinnamomum iners
Syzygium sp.
Castanopsis sp.

NA

Ixora coccinea
Trema orientalis
Donella Sp.
Lagerstroemia floribunda
Castanopsis sp.
Castanopsis sp.
Trema orientalis
Manglietia sp.
Castanopsis sp.
Careya sphaerica

Acronychia pedunculata

Celtis philippinensis Blanco var. wightii (Planch.) Soepadmo

Melia sp.

Syzygium levinei
Cinnamomum iners
Castanopsis sp.
Lithocarpus annamensis
Schefflera octophylla
Canarium sp1
Castanopsis sp.
Castanopsis sp.
Lagerstroemia floribunda
Polyalthia cerasoides
Syzygium sp.
Elaeocarpus sp.
Syzygium sp.

Diospyros maritima
Dipterocarpus duperreanus

Dialium cochinchinense

11.0
11.1
11.2
11.2
11.3
11.4
11.5
11.6
11.6
11.9
12.1
12.2
12.3
12.3
12.6
13.0
13.0
13.1
13.7
14.0
14.0
14.0
14.1
14.6
15.0
15.1
15.2
15.4
15.4
15.5
15.8
15.8
15.9
16.0
16.2
16.5
16.5
16.5
16.6
16.9
17.0
17.0
17.1
17.6
17.8
18.0
18.0
18.1
18.3
18.3

12.0
12.6
11.6
8.4

13.1
10.9
13.2
11.0
9.0

12.8
12.7
8.8

13.2
7.1

15.3
13.8
15.2
9.4

10.0
18.7
12.6
14.8
10.3
11.3
14.4
14.1
17.0
9.8

19.6
10.7
15.3
12.9
19.2
13.0
10.5
11.8
20.8
15.0
10.2
14.5
13.9
14.8
16.1
17.2
15.5
14.6
16.5
12.1
15.3
4.3

0.735
0.569
0.540
0.564
0.618
0.458
0.486
0.562
0.629
0.579
0.492
0.277
0.513
0.721
0.279
0.349
0.354
0.346
0.641
0.609
0.265
0.197
0.292
0.712
0.267
0.556
0.224
0.299
0.616
0.457
0.621
0.576
0.683
0.329
0.732
0.390
0.575
0.736
0.404
0.645
0.463
0.330
0.596
0.751
0.507
0.542
0.508
0.715
0.323
0.564

52.7
69.4
57.3
34.7
40.9
322
62.0
47.4
53.6
75.3
70.9
36.6
18.2
61.9
42.6
49.3
54.4
54.6
80.2
379
52.0
52.2
46.0
115.2
45.2
153.5
99.9
50.1
134.0
67.1
99.2
140.2
138.5
79.3
58.1
59.0
261.8
210.3
55.8
129.4
201.4
182.1
175.8
180.4
128.1
184.7
222.8
172.6
1334
65.4

WD3
WD2
WD2
WD2
WD3
WD2
WD2
WD2
WD3
WD2
WD2
WD1
WD2
WD3
WD1
WD1
WD1
WD1
WD3
WD3
WD1
WD1
WD1
WD3
WD1
WD2
WD1
WD1
WD3
WD2
WD3
WD2
WD3
WD1
WD3
WD1
WD2
WD3
WD2
WD3
WD2
WD1
WD2
WD3
WD2
WD2
WD2
WD3
WD1
WD2

273



896
897
898
899
900
901
902
903
904
905
906
907
908
909
910
911
912
913
914
915
916
917
918
919
920
921
922
923
924
925
926
927
928
929
930
931
932
933
934
935
936
937
938
939
940
941
942
943
944
945

274

CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH
CH

Lauraceae
Others
Lauraceae
Myrtaceae
Others
Others
Meliaceae
Lauraceae
Others
Others
Others
Others
Others
Others
Others
Others
Lauraceae
Others
Euphorbiaceae
Fagaceae
Myrtaceae
Others
Fagaceae
Myrtaceae
Others
Myrtaceae
Others
Myrtaceae
Others
Fagaceae
Others
Others
Others
Myrtaceae
Fagaceae
Euphorbiaceae
Others
Others
Lauraceae
Others
Others
Ulmaceae
Myrtaceae
Others
Myrtaceae
Others
Myrtaceae
Myrtaceae
Fagaceae

Others

Cinnamomum parthenoxylon
Alstonia scholaris
Cinnamomum parthenoxylon
Syzygium zeylanicum
Nephelium lappaceum
Canarium album

Melia sp.

Phoebe lanceolata

NA

Alstonia scholaris
Polyalthia cerasoides
Elaeocarpus sp.

Schima superba

NA

Hydnocarpus kurzii (King) Warb

Lagerstroemia speciosa
Machilus parviflora
Garcinia oblongifolia
Aporosa microcalyx
Castanopsis sp.

Syzygium sp.

Ternstroemia kwangtungensis

Castanopsis sp.

Syzygium zeylanicum
Michelia balansae
Syzygium hancei
Calophyllum dongnaiense
Syzygium sp.

Diospyros sp.
Castanopsis sp.
Engelhardtia roxburghiana
Irvingia malayana
Lagerstroemia floribunda
Syzygium zeylanicum
Castanopsis sp.
Endospermum chinense
Schefflera octophylla
Garcinia spl

Litsea glutinosa

Schima superba
Manglietia sp.
Gironniera nervosa
Syzygium zeylanicum
Camellia vietnamensis
Syzygium sp.

Schima superba
Syzygium levinei
Syzygium sp.

Castanopsis sp.

Vitex quinata

18.4
18.5
18.9
19.3
19.6
19.6
20.0
20.1
20.3
21.7
22.0
22.1
22.5
22.8
23.0
23.2
23.5
23.7
23.8
24.0
24.0
24.1
24.4
24.4
24.5
24.8
25.1
25.4
25.5
26.0
26.0
26.5
26.8
26.8
27.1
27.5
28.3
28.7
30.5
30.5
30.8
31.1
31.6
32.4
32.5
33.0
33.1
33.8
34.0
34.4

16.7
15.6
13.1
17.5
15.0
16.5
14.8
13.2
10.6
15.5
21.4
18.0
15.6
13.5
16.5
18.2
23.4
13.4
26.8
20.4
14.6
12.1
16.0
22.0
25.2
14.2
27.0
21.0
16.0
17.5
13.5
17.5
20.5
14.8
18.8
15.4
21.0
219
15.8
24.2
23.6
15.0
21.5
239
23.0
27.3
19.6
23.0
18.3
11.3

0.443
0.410
0.520
0.465
0.882
0.767
0.235
0.595
0.608
0.340
0.756
0.492
0.726
0.823
0.320
0.723
0.586
0.732
0.706
0.409
0.501
0.628
0.484
0.549
0.452
0.664
0.642
0.369
0.765
0.345
0.357
0.846
0.434
0.641
0.517
0.280
0.407
0.874
0.565
0.320
0.464
0.475
0.462
0.746
0.404
0.212
0.586
0.581
0.336
0.622

118.3
88.9

167.4
202.2
276.6
265.5
126.2
150.4
117.4
102.8
410.1
200.9
263.7
348.7
230.6
402.3
359.7
2442
528.0
429.5
448.5
285.5
472.6
319.3
341.1
461.9
456.5
435.1
420.1
554.3
274.4
4134
369.5
501.4
600.1
245.6
285.9
514.0
533.2
678.6
526.1
435.2
437.7
9443
844.7
611.5
672.3
913.1
716.7
425.1

WD2
WD2
WD2
WD2
WD3
WD3
WD1
WD2
WD3
WD1
WD3
WD2
WD3
WD3
WD1
WD3
WD2
WD3
WD3
WD2
WD2
WD3
WD2
WD2
WD2
WD3
WD3
WD1
WD3
WD1
WD1
WD3
WD2
WD3
WD2
WD1
WD2
WD3
WD2
WD1
WD2
WD2
WD2
WD3
WD2
WD1
WD2
WD2
WD1
WD3



946 CH  Myrtaceae Syzygium sp. 345 19.5 0.602 648.0 WD3

947 CH  Others Manglietia conifera 351 240 0.631 8649 WD3
948 CH  Lauraceae Litsea glutinosa 36.0 19.5 0.294 762.4 WDI1
949 CH Fagaceae Castanopsis sp. 364 18.5 0.426 733.6 WD2
950 CH  Others Hydnocarpus kurzii (King) Warb 37.0 21.8 0.223 660.0 WDI1
951 CH Others Elaeocarpus sp. 374 24.1 0.617 8447 WD3
952 CH Lauraceae Litsea glutinosa 38.6 22.0 0.527 8653 WD2
953 CH  Others Wrightia pubescens 38.7 17.3 0.451 4943 WD2
954 CH Fagaceae Castanopsis sp. 39.8 222 0.541 1147.1 WD2
955 CH Fagaceae Castanopsis sp. 404 22.0 0.607 1882.4 WD3
956 CH  Others Calophyllum sp. 41.0 23.8 0.298 1385.5 WDI
957 CH  Others Spondias pinnata 426 19.1 0.642 1003.2 WD3
958 CH  Others Schima superba 45.0 25.0 0.319 1497.7 WDI1
959 CH  Others Schima superba 46.0 25.0 0.356 1359.9 WDI1
960 CH Others Schima superba 478 21.0 0.550 1631.1 WD2
961 CH Myrtaceae Syzygium sp. 49.0 22.8 0425 1600.5 WD2
962 CH Others Schima superba 525 262 0310 1580.7 WD1
963 CH Fagaceae Castanopsis sp. 53.5 235 0.447 2159.2 WD2
964 CH  Others Schima superba 554 265 0410 2337.0 WD2
965 CH  Others Schima superba 56.0 247 0.272 1860.0 WD1
966 CH  Others Elaeocarpus sp. 56.7 229 0.274 1255.8 WD1
967 CH Others Tetrameles nudiflora 60.8 22.0 0.356 2179.5 WDI
968 CH  Others Lagerstroemia floribunda 76.0 27.5 0.456 3149.3 WD2

Ghi chii: K¥ hiéu vimg sinh thdi: NE: Pong Bic, NCC: Bac mién Trung, SCC: Nam mién
Trung, CH: Tdy Nguyén va SE: Pong Nam Bo. Nguon: Huy et al. (2016a)
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Dir liéu 14: Dir liéu mirc thich nghi ciia téch lam giau rimg khop theo cdc nhan t6 sinh thai,

trang thai ring ¢ 64 6 thyc nghiém

Mao Mid Namdo Ngap Mid  Lodiuuthé Ma  CépMring Ma  Cépdd Madd M thich Ma

TN sinh nude ngdp  rung khop loai = khop capM lan nghi muc
thai nude uu thé thich

nghi
VN1 VNI.1 2014 Khong 1 Cachit 2 <50 m’ 2 10-30% 1 Thich nghi TB 3
VN1 VNI1.2 2014 Khong 1 Cachit 2 <50 m’ 2 50-70% 3 Thich nghi TB 3
VN2 VN2 2014 Khong 1 Dau tra beng 1 <50 m® 2 <10% 1 Thichnghikem 4
VN4 VN4 2014 Khong 1 Cachit 2 <50 m’ 2 30-50% 1 Thichnghikem 4
VN5 VNS5.1 2014 Khong 1 Cachit 2 <50 m’ 2 <10% 1 Thichnghikem 4
VN5 VN5.2 2014 Khong 1 Cachit 2 <50 m’ 2 <10% 1 Thichnghikem 4
VN6 VN6 2014 Khong 1 Cachit 2 50-100 m’ 3 <10% 1 Thichnghikem 4
VN7 VNT7.1 2014 Co 2 Dau tra beng 1 <50 m® 2 <10% 1 Thichnghikem 4
VN7 VN7.2 2014 Khong 1 Chieu lieu den 3 <50m’ 2 <10% 1 Thichnghikem 4
VN8 VN8 2014 Khong 1 Cachit 2 <50 m’ 2 <10% 1 Thich nghi TB 3
VN9 VNO.1 2014 Khong 1 Cachit 2 50-100 m’ 3 10-30% 1 Thichnghikem 4
VN9  VN9.2 2014 Khong 1 Cachit 2 <50 m’ 2 <10% 1 Thich nghi TB 3
VN10 VNI10.1 2014 Khong 1 Dau dong 3 <50m’ 2 <10% 1 Thichnghikem 4
VN10 VNI10.2 2014 Co 2 Dau dong 3 <50 m’ 2 <10% 1 Thichnghikem 4
VN11 VNI1 2014 Khong 1 Dau dong 3 <50 m’ 2 <10% 1 Thich nghi TB 3
YD1 YDI.1 2014 Co 2 Dau dong 3 <50m’ 2 <10% 1 Thichnghikem 4
YD1l YDI1.2 2014 Co 2 Dau dong 3 <50m’ 2 <10% 1 Thichnghikem 4
YD2 YD2 2014 Co 2 Dau dong 3 50-100 m’ 3 <10% 1 Thichnghikem 4
BD1 BDI1 2014 Khong 1 Dau dong 3 <50m’ 2 50-70% 3 Rat thich nghi 1
BD2 BD2 2014 Khong 1 Dau dong 3 <50m’ 2 50-70% 3 Thich nghi 2
BD3 BD3 2014 Khong 1 Dau dong 3 50-100 m’ 3 >70% 2 Thich nghi 2
BD4 BD4.1 2014 Khong 1 Dau dong 3 50-100 m’ 3 >70% 2 Thich nghi 2
BD4 BD4.2 2014 Khong 1 Dau dong 3 <50m’ 2 50-70% 3 Rat thich nghi 1
BD5 BDS 2014 Khong 1 Dau dong 3 50-100 m’ 3 50-70% 3 Rat thich nghi 1
BD6 BD6.1 2014 Khong 1 Cam lien 4 50-100 m’ 3 50-70% 3 Thich nghi 2
BD6 BD6.2 2014 Khong 1 Cam lien 4 <50 m® 2 50-70% 3 Rat thich nghi 1
EW1l EWI1.1 2014 Khong 1 Dau dong 3 <50m’ 2 30-50% 1 Thichnghikem 4
EWl EWI1.2 2014 Khong 1 Camxe 3 <50 m’ 2 30-50% 1 Thich nghi 2
EW2 EW2 2014 Khong 1 Dau dong 3 <50m’ 2 10-30% 1 Thichnghikem 4
EW3 EW3.1 2014 Khong 1 Cachit 2 <50 m’ 2 <10% 1 Thichnghikem 4
EW3 EW3.2 2014 Khong 1 Dau dong 3 <50m’ 2 10-30% 1 Thichnghikem 4
EW4 EW4 2014 Khong 1 Dau dong 3 <50m’ 2 50-70% 3 Thichnghikem 4
EW5 EWS5S 2014 Khong 1 Dau tra beng 1 <50m® 2 10-30% 1 Thichnghikem 4
EW6 EW6 2014 Khong 1 Dau dong 3 <50m’ 2 30-50% 1 Thichnghikem 4
EW7 EW7.1 2014 Khong 1 Dau dong 3 <50m’ 2 30-50% 1 Thichnghikem 4
EW7 EW7.2 2014 Co 2 Dau dong 3 <50 m’ 2 50-70% 3 Thichnghikem 4
EW8 EWS8.1 2014 Khong 1 Dau dong 3 50-100 m’ 3 <10% 1 Thichnghikem 4
EW8 EWS8.2 2014 Khong 1 Dau dong 3 <50 m’ 2 <10% 1 Thichnghikem 4
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Mao Mid Nimdo Ngap Mid  Lodiuuthé Ma  CépMring Ma  Cépdd Madd M thich Ma
TN sinh nudc ngdp  rung khop loai ) khop capM lan lan nghi muc
thai nude uu thé thich

nghi
EW9 EW9 2014 Khong 1 Dau dong 3 <50 m’ 2 <10% 1 Thichnghikem 4
EW10 EWI10 2014 Khong 1 Dau dong 3 <50m’ 2 <10% 1 Thichnghikem 4
EWl1l EWI11.1 2014 Khong 1 Cam lien 4 <50 m® 2 <10% 1 Thich nghi TB 3
EWI11 EWI11.2 2014 Khong 1 Dau dong 3 <50m’ 2 10-30% 1 Thichnghikem 4
EW12 EWI12 2014 Khong 1 Dau dong 3 <50 m’ 2 30-50% 1 Thich nghi TB 3
EW13 EWI13 2014 Khong 1 Dau dong 3 <50 m’ 2 10-30% 1 Thich nghi TB 3
BN1 BNI.1 2014 Khong 1 Dau dong 3 <50m’ 2 <10% 1 Thichnghikem 4
BN1 BNI1.2 2014 Khong 1 Dau dong 3 <50m’ 2 <10% 1 Thichnghikem 4
BN1 BNL.3 2014 Khong 1 Dau dong 3 50-100 m’ 3 30-50% 1 Thich nghi TB 3
BN1 BN14 2014 Khong 1 Dau dong 3 <50m’ 2 10-30% 1 Thichnghikem 4
BN2 BN2.1 2014 Khong 1 Dau dong 3 50-100 m® 3 10-30% 1 Thichnghikem 4
BN2 BN22 2014 Khong 1 Dau dong 3 <50 m’ 2 30-50% 1 Thich nghi TB 3
BN3 BN3.1 2014 Khong 1 Cam lien 4 100 - 150 m’® 1 10-30% 1 Thichnghikem 4
BN3 BN3.2 2014 Khong 1 Dau dong 3 <50 m’ 2 10-30% 1 Thich nghi TB 3
BN4 BN4 2014 Khong 1 Dau dong 3 50-100 m’ 3 50-70% 3 Thich nghi TB 3
BN5 BNS 2014 Khong 1 Dau dong 3 >150m’ 2 <10% 1 Thich nghi TB 3
BN6 BN6.1 2014 Khong 1 Dau dong 3 <50m’ 2 >70% 2 Thichnghikem 4
BN6 BN6.2 2014 Khong 1 Dau dong 3 50-100 m’ 3 30-50% 1 Thich nghi TB 3
BN7 BN7.1 2014 Khong 1 Cachit 2 50-100 m’ 3 <10% 1 Thichnghikem 4
BN7 BN72 2014 Khong 1 Chieu lieu den 3 <50 m’ 2 10-30% 1 Thich nghi TB 3
BN7 BN7.3 2014 Khong 1 Chieu lieu den 3 <50 m’ 2 10-30% 1 Thich nghi TB 3
BN8 BNS 2014 Khong 1 Camxe 3 <50 m’ 2 <10% 1 Thich nghi TB 3
TSI TSI 2014 Co 2 Cachit 2 <50 m’ 2 30-50% 1 Thich nghi TB 3
TS2 TS2 2014 Co 2 Cachit 2 <50 m’ 2 <10% 1 Thichnghikem 4
TS3 TS3.1 2014 Co 2 Cam lien 4 <50 m® 2 <10% 1 Thichnghikem 4
TS3 TS3.2 2014 Co 2 Cachit 2 <50 m’ 2 <10% 1 Thichnghikem 4

Nguén: Bio Huy (2014)
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