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LOT CAM DOAN

Luén an Tién si nay duogc hoan thanh theo Chuong trinh dao tao tién si tai
trrong Pai hoc Tay Nguyén, khda 2 (2017 - 2020). T6i xin cam doan cong
trinh nghién ctru ndy 14 cta ban than t6i. Tat ca cac sb lidu va két qua trinh
bay trong luan 4n 1a trung thuc, néu c6 gi sai toi xin chiu hoan toan trach
nhiém.

buoc su cho phép, mot phﬁn s6 liéu cua Luén 4n ké thira cua GS.TS. Bao
Huy trong chuong trinh 1ap mé hinh sinh khdi cay rimg cho UN-REDD Viét
Nam bao gém 222 cay miu xac dinh sinh khéi.
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Luén &n nay dugc hoan thanh trong Chuong trinh dao tao nghién ctru sinh
khoa 11 (2017 — 2020) tai truong Pai hoc Tay Nguyén.

Trudce hét tac gia xin bay to long biét on sau sic dén Thay, GS.TS. Bao
Huy da danh nhiéu thoi gian va cong stc dé huéng dan khoa hoc va gitp d&
nghién ctru sinh hoan thanh luan an nay.

Tran trong cam on sy quan tam, tao diéu kién va dong vién cua Lanh dao
truong Pai hoc Tay Nguyén, khoa Nong Lam nghi¢p, b mon Quan ly tai
nguyén rung va moi trudng, bd mén LAm sinh va sy hd trg cla sinh vién cac
16p Lam sinh, Quan ly tai nguyén rung Pai hoc Tay Nguyén.

Tac gia xin chan thanh cdm on S6&@ NN & PTNT, cac Cong ty Lam nghiép
trong ving nghién ctru, da tao moi diéu kién thuan loi va giup do tac gia trong
viéc do dém va thu thap s liéu tai hién truong.

Cam on cac anh chi cing khoéa hoc Nghién ctu sinh da gan b6 va dong
vién tdi trong suét qua trinh thuc hién luan an.

V6 cling biét on su quan tam va khich I¢ cua gia dinh, nguoi than vé moi

mat giup téi hoan thanh khoa hoc nay.
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MO PAU
1 Sw cin thiét ciia ludn an

Rung khop (Rung nhiét déi kho rung 14 cay ho dau wu thé - Tropical
Deciduous Dry Dipterocarp Forest, viét tit Dipterocarp Forest - DF) 6 vai trd
quan trong trong giam nhe bién doi khi hau nho ning lyc tich liy carbon cua
n6. Bé udc tinh kha nang hap thu khi nha kinh CO; cua rimg khop 1am co sé
phat trién dich vu sinh thai rimg, can c6 hé thng mé hinh udc tinh sinh khéi,
carbon cho kiéu rimg dic thu nay ¢ Viét Nam, Pong Nam A va Nam A.

Bién d6i khi hau va mdi quan hé cua nd véi phat thai khi CO; tir suy
thoai va mat rimg 12 mot van dé toan cau quan tdm. Viéc quan 1y céc hé sinh
thai rimg dé giam thiéu bién d6i khi hiu thong qua hap thu CO; cia rimg
dang duoc cht ¥ khan cip tir cac chinh phu. Chuong trinh ctia Lién hiép quéc
vé “Giam phat thai tir mat rimg va suy thoai rimg - UN-REDD+” d3 hanh
dong dé hd tro cac nude dang phat trién tir nam 2009. Uy ban Lién chinh phu
vé Bién ddi Khi hau (IPCC) di c6 huéng din cho viéc do luong va gidm séat
carbon rung (IPCC, 1996, 2003, 2006). Tuy nhién, van con 1a mot nhu cau &
quy mé qudc gia tai Viét Nam dé cung cap cac mo hinh chinh xac dung udc
tinh sinh khdi va carbon rimg. Trong d6 rimg khop 1a mot hé sinh thai rimg
dic thu ciia ving Nam A, Pong Nam A nhung ciing chua c6 hoan chinh hé
thdng mo hinh sinh tric d& dugc tham dinh dé wéc tinh sinh khdi — carbon cho
kiéu rimg nay.

Rimng khop 1a mot kiéu rimg chinh dic trung va chi ¢6 ¢ chau A, phan b
& cac vung nhiét d6i va can nhiét déi (Wohlfart va ctv, 2014). Phan b ring
khop trai dai tir tdy bic An Do va Myanmar, doc Thai Lan dén séong Mé
Kong, Lao, Campuchia va Viét Nam (Maury-Lechon va Curtet, 1998; Rundel
va ctv, 2017; Khamyong va ctv, 2018; Huy va ctv, 2018). O Viét Nam ring



khop c6 khoang 650.000 ha phan bd chil yéu ¢ Tay Nguyén va Dong Nam bo
(Huy va ctv, 2018).

Mit khac, c6 mot nhu cau dang ké trén toan cdu va tai Viét Nam la phat
trién cac phuong trinh wdc luong sinh khdi va carbon rimg dé do luong va
bao cao & cap qudc gia, va cac hé théng xac minh. Theo Cong udc khung cua
Lién hop qudc vé bién d6i khi hau, cic nudc phai bao céo tinh trang tai
nguyén rimg ctia ho thong qua cac sang kién nhu chuong trinh hop tac Lién
hiép qudc vé giam phat thai tir pha ring va suy thoai rimg UN-REDD*, can
giam sat va bao cdo phat thai CO; tuong duong tir rimg thong qua hé thong
“Po luong - B4o cdo - Tham dinh (MRV) (MRYV, 2016) & cac nudc dang phat
triéen (UNFCCC, 2008). Dé c6 do chinh xac cao, phuong trinh can cu thé dén
kiéu rimg phd bién, cac viing sinh thai 13 can thiét va can c6 danh gia dé cung
cap thdng tin vé do tin cdy, sai s6 chinh X4c.

Uéc luong sinh khdi chinh x4c 1a thanh phan quan trong trong viéc xéac
dinh trit lugng carbon rimg va ty 1& hap thu khi CO, dé giam nhe tac dong
tiém tang do bién doi khi hau. Phuong trinh sinh khéi s& van 1a mot thanh
phan quan trong ctia phép do carbon trong twong lai (Temesgen Va ctv, 2015).
Trong nd luc ctia mot nude tham gia va chuan bi cho chuong trinh REDD+,
phuong trinh sinh khdi dang duogc chuian bi va thdm dinh tai Viét Nam.
Phuong trinh twong quan dé chuyén d6i dir liéu kiém ké ring toan qudc sang
sinh khoi dé uéc tinh luong carbon rimg da dugc dé xuat cho timg loai ring
chinh va cac vung sinh thai cua Viét Nam (Sola va ctv, 2014a,b; Huy va ctv,
2012; Huy, 2014).

Hién tai d6i voi mé hinh udce tinh sinh khoi, carbon cay ring khop trong
nudc va trén thé giéi chi méi mot vai cong bd qudc té do 1a Huy va ctv
(2016c), Kralicek va ctv (2017) ¢ Viét Nam, Basuki va ctv (2009) cho

Indonesia. Kralicek va ctv (2017) 1a mét cong bd hiém hoi dé& cap dén mo



hinh uwéc tinh sinh khéi dudi mit dat (BGB) cua cay ring khop; vi su kho
khin va chi phi cao cta viéc thu thap dit liéu sinh khdi ctia hé r& ciy ring.
Huy va ctv (2016c¢) da 1ap mo hinh cho chung cac loai rirng khop véi dir liéu
222 cdy mau va cho hai chi uu thé 1a Dipterocarpus (94 cdy mau) va Shorea
(36 cdy mau), tuy vay sb lugng cdy mau con kha thip dic biét dbi véi chi
Shorea va cac chi khac cua rimg khop. Téc gia ciing cho biét rang do d chon
mau dua theo ty 18 phan bd sb cay theo cép kinh (N/D), do d6 cac loai, chi vu
thé néi chung con thiéu dit liu & cdy c6 kich thudc 16n; vi viy bd sung di
liéu dé lap hoan thién hé théng mé hinh udc tinh sinh khéi cay rimg khop
cling nhu tham dinh sai sd, so sanh voi cac mé hinh cta Basuki va ctv (2009)
theo chi, ho thuc vat dé ap dung chung cho rimg khop ving Péng Nam A 13
can thiét. Ngoai ra tac gia ciing di dé nghi can c6 nghién ctru bd sung anh
huong ciia cac nhan t6 sinh thai, méi trudng rimg va bién d6i khi hau trong
cac m6 hinh uéc tinh sinh khéi.

Pé gop phan giai quyét van dé néu trén, ching toi tién hanh nghién cau
noi dung: “Thiét Idp va tham dinh chéo hé théng mé hinh wéc tinh sinh khoi
trén mat dat cay ring khgp ¢ Viét Nam ™.

2 Muc tiéu nghién ciru

Muc tiéu chung:

Pong gop vao co s khoa hoc trong thiét 1ap va tham dinh chéo hé théng
cac md hinh udc tinh sinh khdi cdy rimg theo hé thong phan loai thuc vat va
yéu t6 moi truong sinh thai rimg.

Muc tiéu cu thé:

i) Xay dung duoc mot hé théng mo hinh wdc tinh sinh khéi cay rimg va
cac bo phan trén miat dat cia rimg khop theo hé thdng phan loai thuc vat cy
gd tir loai, chi, ho uu thé va co xét dén anh hudng cua cac nhan td sinh thai

moi trudng rung.



i) Tham dinh chéo sai s6 dé so sanh hé thong mo hinh cta rimg khop
Viét Nam d3 thiét 1ap voi cac mo hinh ¢ ving Pong Nam A va chung cho
vung nhiét d6i dé dé xuét pham vi ap dung.

3'Y nghia khoa hoc va thuc tién

i) Y nghia khoa hoc: Bb sung co so 1y luan, phuong phap xay dung va
tham dinh chéo mo hinh uéc tinh sinh khi cdy rimng ti nhién.

i) Y nghia thuc tién: Cung cip ddy di mot hé théng mé hinh phuc vu
udc tinh sinh khéi, carbon tich liiy trong cdy rimg khop cho chuong trinh UN-
REDD+ va cac du an REDD khac

4 Nhirng diém méi ciia luin an

C6 hai diém méi chinh:

i) P str dung phuong phap thiét 1ap dong thoi hé thong mo hinh sinh
khéi cac bo phan ciy rimg theo phuong phép phi tuyén co trong s6 theo SUR
(Weighted Non-Linear fit by Seemingly Unrelated Regression) hoac mé hinh
xem xét anh huong tong hop cua cic nhan té sinh thai moi truong rimg (AGB
= AVERAGE x MODIFIER) dé cai thién d tin cdy trong udc tinh sinh khoi
cdy rimg so v4i cac md hinh duoge thiét 1ap doc 1ap nhu truyén thong.

ii) Thiét 1ap va cung cép sai so khach quan theo phuong phap tham dinh
chéo (Cross-Validation) cta hé thong mé hinh udc tinh dong thoi sinh khdi
cdy rimg theo ho, chi, loai uu thé rimg khop & Viét Nam va chi ra mé hinh
sinh khoi cdy rimg trén mat dat (AGB) theo chi thuc vat uu thé rimg khop voi
mot bién don gian 1a dudng kinh (D) ¢6 d tin cdy cao hon mé hinh chung cac
loai v&i ba bién D, chiéu cao cdy (H) va khéi luong thé tich gb (WD) va md
hinh theo chi thuc vat ¢ thé ap dung chung cho ving nhiét déi.

5 Cu triic ciia ludn an

Luan an ¢6 149 trang v6i 19 Bang va 14 Hinh. Gom c6 phan M¢ dau (5

trang), Chuong 1: Téng quan vin dé nghién ctru (25 trang), Chuong 2: Ddi



tugng, pham vi, ndi dung va phuong phap nghién ctru (26 trang), Chuong 3:
Két qua nghién ctru va thao luan (73 trang), Két luan, ton tai va kién nghi (4

trang); Tai li¢u tham khao (16 trang); va Phu luc.



CHUONG 1. TONG QUAN VAN DE NGHIEN CUU
1.1 M@t so thuat ngir chinh sir dung trong luan an

Sinh khéi trén mat dat cay rung (AGB): Trong hé sinh thai rimng c6 5 bé
chta carbon theo IPCC (2006) d6 1a: 1) Trong sinh khéi cua thuc vat phan
trén mit dat (AGB) (bao gdm trong than, canh, 14, va vo cay), 2) Trong sinh
khdi caa thuc vat phan duéi mat dat 1a hé ré cay (BGB), 3) Trong tham muc
ring (Litter), 4) Trong gd chét (chét dung va nam) (Dead Wood), va 5) Trong
carbon hitu co trong dat (SOC). Nghién ctu nay tap trung cho AGB nhung chi
cho thuc vat than go.

M6 hinh sinh trac, sinh khdi cly rumg: PO la cac mo hinh toan md
phong méi quan hé sinh hoc giira sinh truong, sinh khdi, carbon cua cay ring
véi céc nhan té diéu tra cay ca thé va cd thé c6 cac nhan td sinh thai, moi
truong rung.

Hé thong mo hinh wdc tinh sinh khdi trén mat dat cay ring: Bao gom
cac mo hinh wéc tinh AGB va bo phan caa n6 1a sinh khéi canh, 14 va vo cay;
hoic bao gom cac md hinh theo hé théng phan loai thyc vat rimg khop; hoic
bao gom cac mé hinh dudi sy anh huéng cia cac nhan té sinh thai moi
truong. Cac mo hinh nay c6 thé thiét 1ap doc lap hay dong thoi.

Tham dinh chéo (Cross Validation): Pay 1a mot phuong phap danh gia
sai s6 ctia mod hinh khach quan, dit liéu dugc phan chia ngau nhién thanh hai
phan, mot phan cho thiét 1ap mé hinh (Training), va phan con lai dé danh gia
sai sO (Validation), ty 16 mdi phan phu thudc vao timg phuong phap. Tién
hanh 13p lai viéc phan chia dir liéu dé training va validation R lan va cac chi
tiéu thong ké cua md hinh ciing nhu sai s6 duogc tinh trung binh tir R 1an. Nhu
vy c6 nghia 12 tat ca dit liéu déu duoc st dung 1ap md hinh va tat ca dir liéu
cling duoc dung tham dinh md hinh, ching kiém tra chéo lan nhau va bao

dam sai s6 dung trong moi trudng hop cua di liéu nghién ctru.



Trong s6 cia md hinh (Weight): Sinh khéi cay rimg c6 hién twong phan
hoa (heteroscedasticity), 1am cho sai s bién dong cang 16n khi kich thude cay
cang tang, dan dén mé hinh gia ting sai s6 ¢ cac cay cd kich thudc l6n. Vi
vay trong sé duoc st dung trong qué trinh mé hinh hoéa la nham dé diéu hoa
bién dong sai s6 & cac kich thude cay khac nhau, 1am cho ching kha tuong
d6ng va md hinh c6 sai s6 dong déu & cac kich thudc cay.

Hé théng m6 hinh thiét 1ap dong thoi theo phuong SUR: Théng thuong
c4c mo hinh udc tinh AGB va bo phan cia no 1a sinh khéi canh, 14 va vo cay
duogc thiét 1ap doc lap. Két qua cho thidy AGB tinh tir tong cac mé hinh sinh
khoi thanh phan s& c6 do 1éch dang ké so vi mé hinh udc tinh AGB doc lap.
Ngoai ra, cac sinh khdi thanh phan con c6 quan hé véi nhau theo mdi twong
quan chéo gitta cac phuong trinh. Dé khic phuc cic nhugce diém ndy cua cac
md hinh sinh khéi thanh phan dugc xdy dung doc 1ap, phuong phap
Seemingly Unrelated Regression (SUR) da dugc xay dung (Parresol, 2001).
SUR gilp thiét 1ap dong thoi cac mé hinh AGB va cac md hinh sinh khéi bo
phan nhu canh, 14, vé trong mdi quan hé sinh hoc giita cac thanh phan va cai
thién do tin cay khi ¢4 xem xét cac mdi quan hé giira thanh phan véi nhau
(Picard va ctv, 2012; Poudel va Temesgen, 2016; Kralicek va ctv, 2017; Huy
va ctv, 2019).

1.2 Chwong trinh REDD* va nhu ciu vé md hinh wéc tinh sinh khoi,
carbon cay rirng

Hiép dinh khung ctia Lién Hiép Qudc vé bién d6i khi hau (UNFCCC) da
théng qua mot co ché cho phép giam luong khi thai va ting cuong loai bo cac
khi gay hiéu Gmg nha kinh tir cac khu rimg nhiét d&i dugc tinh toan carbon,
g6p phan vao muc tiéu cudi cung 13 6n dinh ndng d6 khi nha kinh trong khi

quyén & muc c6 thé ngan chan dé giam nguy hiém cia con nguoi. Cac nudc



nhiét d4i cét giam khi thai nha kinh, cé xac nhan cia UNFCCC va sau d6 giao
dich tin dung carbon trén thi trudng carbon qubc té (UN-REDD, 2011)

Co ché nay duoc goi 1a REDD*: “Giam phat thai khi nha kinh tir mat
rimg va suy thodi ring va vai trd cia bao ton, quan Iy bén ving rimg va ting
cudng trit lugng carbon rimg & cic nudc dang phat trién”.

Cac co ché cuia REDD+ van con dang dugc dam phan & cip do cua
UNFCCC. Trong vai nim qua nhiing dudng nét ctia co ché nay da ndi 1én, va
trén co s& d6 cac nudc dang chuan bi cho viée thuc hién mot chuong trinh
qudc gia REDD+.

REDD* xac dinh co ché hoat dong bao géom 5 linh vuc chinh (UN-
REDD", 2011): i) Giam phat thai tir mat ring; ii) Giam phat thai tir suy thoai
rimg; iii) Bao ton trit lugng carbon rimng; iv) Quan 1y rimg bén vimg va V)
Nang cao cac bé chtra carbon ring

Nhu vay c6 thé thiy mic du chuong trinh REDD* chwa hoan toan c6 day
du co ché tai chinh giita cac quéc gia cho nd luc quan Iy bao vé ring nham
giam phat thai tir suy thoai va mat rirng, nhung cac yéu té ky thuat, vai tro cua
cong ddng va loi ich cuia REDD di dugc xay dung va thira nhan. Hién tai
REDD dang dugc thyc hién theo chuong trinh cua Lién Hiép Qudc véi tén
goi 1a UN-REDD* & cac quéc gia thi diém trong d6 co Viét Nam. Pay chinh
la co s ki thuat va cach thirc tiép can dé cung cap théng tin dit liéu qubc gia
vé phat thai dé tién dén chi tra theo hiép dinh khung vé bién d6i khi hau trong
thoi gian dén.

Chuong trinh UN-REDD* ¢ Viét Nam da duoc khoi dong tir nam 2009
véi su hd trg cia FAO - Lién Hiép Qudc va ¢6 vai trd quan trong trong thuc
day quan 1y rimg tu nhién bén vitng dé chi tra dich vu méi truong, né co tinh
toan ciu ma trong d6 Viét Nam 1a mot thanh vién. Tuy nhién dé tham gia

chuong trinh REDD*, Viét Nam can c6 nghién ctru phuong phéap do tinh giam



sat dé cung cip thong tin, dir liéu co co sé khoa hoc, dang tin cdy vé su thay
d6i ctia cac bé chura carbon trong cac hé sinh thai rimg va chang minh giam
phat thai khi gay hiéu tng nha kinh CO; trong thuc hién quan Iy ring tt hon.

Chuong trinh UN-REDD* hudng dén tao ra sinh ké, thu nhap cho ngudi
nghéo, cac cong dong dang dugc giao dat giao rimg dé quan 1y bao vé (IUCN,
2007; FAO, 2010, 2016), dé viéc tir chi tra tin chi carbon dén dugc cong
ddng, ho can tham gia giam sat thay ddi cac bé chira carbon ring. Vi vay
trong mot s6 quoc gia dang phat trién thuc hién REDD* di bat dau xay dung
cac huong dan do tinh carbon rung cé su tham gia (Patrick, 2008; Skutsch va
ctv, 2009; Silva va ctv, 2010; Bao Huy, 2009, 2012). Trén co sé nghién ctu
cac cong nghé, ky thuat do tinh giam sat carbon ring, can phat trién bo cong
cu thich hop, don gian dé cong dong co thé tiép can do tinh, cung cap dit liéu
dé chuyén doi sang sinh khoi, carbon dat yéu cau cua IPCC (2003, 2006).

Theo IPCC (2003, 2006) thi rirng c6 5 bé chira carbon: 1) Trong thuc vt
ring phan trén mat dat (Above Ground Carbon - AGC); 2) Trong thuc vat
ring phan dudi mit dat (Below Ground Carbon - BGC); 3) Trong tham muc
(Litter); 4) Trong gb chét (Dead Wood) va 5) Carbon hitu co trong dat (Soil
Organic Carbon - SOC). Nhiéu yéu to twong tic anh hudng cac bé chia
carbon ndy nhu loai hé sinh thai rirng, d6 tudi ctia rimg, cac tang ring (Omar
va ctv, 2015) loai rimg c¢6 do cao khac nhau (Matthew va ctv, 2018). Pong
thoi, hiéu gia tri clia cac bé chtra carbon rat hitu ich dé xay dung cac chinh
sach va khung phép 1y phu hop véi bao ton rimg. Do viy, can c6 nghién ctru
xac dinh trlr lugng carbon cho cac bé chira khac nhau dé c6 dugc birc tranh
toan dién vé carbon duoc tich liy trong c4c hé sinh théi rimg.

Snowdon (2002) di xac dinh carbon & c&c bé chua la thuc vat song trén
mat dat, cay bui tham tuoi, trong ré va trong dat khi nghién ctru hap thu

carbon rimg, dong thdi dua ra phuong phap thu thap mau dé phan tich ham
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lwgng carbon trong mdi bé chira. Nam 2006, IPCC tong két day du tat ca cac
nghién ctu trén thé gisi vé do tinh, giam sat, thim dinh thay d6i bé chta
carbon rimg dé huéng dan cac quéc gia, du an REDD* ap dung. Hertel va ctv
(2009) d nghién ciru bé chira carbon dudi mat dat va trén mat dat trong mot
khu rumg ty nhién cb dai va so sanh v&i ring nguyén sinh & Sulawesi,
Indonesia. Pén nam 2010, Subedi dua ra phwong phap hudng din do ludng
trit luong carbon rimg do cong dong quan 1y ¢ nim bé chira. Sau d6 hai nim,
Bao Huy va ctv (2012) da xay dung duoc hé thong ham sinh tric véi cac bién
s6 diéu tra rimg, nhan t6 sinh thai, cdu trac 1am phan dé udc tinh sinh khéi va
carbon cho ca nam bé chira rung la rong thuong xanh vang Tay Nguyén.
Pong thoi st dung cong nghé GIS dé xay dung phuong phap giam sat trir
luong sinh khéi, carbon rimg. Nam va ctv (2016) udc tinh sinh khéi trén mat
dat (Above Ground Biomass - AGB) va sinh khoi ré (Below Ground Biomass
- BGB) khu rimg thudng xanh ¢ Viét Nam. Cac wéc tinh sinh khdi tir cac mo
hinh dia phuong nay dugc so sanh v&i cac mo hinh vung va nhiét déi.

Trong 5 bé chta carbon thi bé chita AGC 14 quan trong nhat va bién
dong theo mirc d6 quan Iy tic dong dén rimg, do vay trong cac du 4n, chuong
trinh REDD déu tap trung vao do luong, gidm sat thay ddi AGC. Trong khi do
dé cung cip cap dir liéu AGC thi cAn c6 cac mé hinh sinh khéi trén mat dét
cdy rimg bao gém sinh khéi trong than cdy gd (Biomass of Stem - Bst), trong
vo cay (Biomass of Bark - Bba), trong canh (Biomass of Branch - Bbr), trong
la (Biomass of Leaf - Bl) va toan b sinh khdi trén mat mat dat cua cay ring
(Above Ground Biomass - AGB).

Nhu vy, viéc giam sat phat thai hodc hap thu CO; tir rirng 1a giam sat su
thay d6i cac bé chtra carbon nay cung véi dién tich rung, tir d6 tinh duoc sy

gia tang hay suy giam bé chia carbon hay noi khac la sy gia ting hay giam
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phat thai CO; tir quan li ring, lam co s& cho viéc bubn ban tin chi carbon

rung.

1.3 Toéng quan vé thiét 1ap md hinh wéc tinh sinh khdi va carbon cay
rung

Cac ham sinh tric c6 dang tong quat 1a y; = f(x;), trong d6 y; la sinh khoi
kho hoic carbon tich liy trong ciy gd trén hodc dudi mat dat (AGB hoic
BGB; AGC hoic BGC) hoic trong cac bo phan sinh khdi ctia nd nhu Bst, Bbr,
Bba, BI; x; (predictors) la cac nhan té diéu tra cay rung cé thé do tinh nhu
duong kinh ngang nguc (D, cm), chiéu cao (H, m), dién tich tan 1a (CA, m?)
hodc duong kinh tan 1a (CD, m), khéi luong thé tich gé (WD, g/cm®) (Huy et
al., 20164, b, ¢). Nhu vay tir cac bién sb ¢ thé do dém truc tiép nhu D, H, CD
hodc c6 sdn nhu WD, thong qua md hinh c6 thé dy doan sinh khéi/carbon tich
iy trong toan b hay tung bo phan cay rung véi mot do tin cay nhét dinh, tur
d6 c6 thé suy ra cho khu rimg.

1.3.1 Riit méu cdy rieng dé thu thap dir ligu sinh khéi lgp mé hinh

Pé 1ap mo hinh udce tinh sinh khéi — carbon cay rimg, phuong phap chat
ha cay (destructive sampling) dé thu thap sé liéu sinh khéi duoc 4p dung phd
bién va 13 phuong phap c6 do tin ciy nhat vi x4c dinh sinh khéi, carbon tich
lity trong céc bo phan ciy ring truc tiép dé 1ap mo hinh, tuy nhién ¢ han ché
la chi phi cao va tic dong dén rimg.

Tuy theo pham vi ap dung, khu vyc sinh thai ma sb ciy mau thu thap sinh
khéi dé 1ap mo hinh bién dong tir 17 dén 166 cay dé bao dam yéu cau dé bao
dam d¢ tin cay 90 — 95% (Dutca va ctv, 2020); hoac theo Picard va ctv (2012)
trung binh la 100 cay.

Phéan bd cay mau theo cip kinh ciing anh huong dén d6 tin cdy ciia mod
hinh sinh khéi. Phan bd cdy mau dong déu theo cép kinh s& cho mé hinh c6

d6 tin cdy cao nhét v6i rimg thuan loai déu tudi (Dutca va ctv, 2020). Trong
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khi d6 dbi voi rimg khac tudi thi lya chon s cay ldy mau ty 18 thuan véi sy
phan bé duong kinh hodc cép tiét dién ngang (BA, m?) cua 1am phan va ty 18
mat d6 cia cac loai chiém wu thé (Basuki va ctv, 2009).

MJi bd phan ctia cidy mau rimg duoc can sinh khéi tuoi, 1y mau dé xac
dinh ty 1& sinh khéi kho, ty 1 carbon. Dé xac dinh ty 1¢ sinh khdi khd, mau
tuoi duoc say & nhiét do 80° — 105°C cho dén khi khong thay doi khéi luong
(Silva, 2011), thuong la 48 gid. Trén co s6 ty 18 sinh khéi kho/tuoi cua mau,
ty 1& carbon trong mau kho, tinh dugc sinh khoi khé hodc carbon trong cac bo
phan cay rimg (5 bd phan). Day 1a dit liéu sinh khéi, carbon cay rimg st dung
dé 1ap quan hé véi cac bién so diéu tra cy ring.

1.3.2 Bién sé djc lap, bién sé dau vao (Predictor(s)) ciia mé hinh wéc tinh
sinh khoi cdy rieng

Bién s6 doc lap quan trong nhat cho phuong trinh udc tinh sinh khoi 1a
duong kinh cua cdy ngang nguc (D, cm), vi sinh khéi cdy rimg lubn c6 quan
hé thuédn véi D (Brown va ctv, 1989, 1997, 2001; Brown va Iverson, 1992).

Cung véi bién D thi bién dau vao cia mo hinh sinh khéi 1a chiéu cao cay
rimg (H, m) cling dugc str dung kha rong ri trong nhiéu mé hinh sinh khéi
trong truong hop mé hinh dugc 1ap ¢ khu vuc rong, trén nhiéu ving sinh théi,
lap dia khac nhau Basuki va ctv, 2009; Chave va ctv, 2005, 2014; Huy va ctv,
2016a,b,c; Kralicek va ctv, 2017). Bién H ciing 1a bién duoc st dung trong
phan cip dat, cip chiéu cao, cap lap dia, nd phan anh su tot xau cta lap dia
qua chiéu cao chi thi & mot cap tudi, cAp kinh. Do d6 dwa thém bién H vao mo
hinh sinh khdi s& gitip cho mé hinh sinh khi dat do tin cay cao hon khi dugc
1ap trong mot khu vuc c6 sinh thai thay doi (Pham Tuén Anh va Béao Huy,
2016)

Khoi lugng thé tich gd (WD, g/cm?®) 1a hé s6 chuyén doi gitra thé tich than
cay gd tuoi thanh sinh khdi khd trong timg loai (Ketterings va ctv, 2001;
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Chave va ctv, 2005, 2006; Basuki va ctv, 2009; Picard va ctv, 2012). Vi vay
dé nang cao do tin cdy cho mo hinh sinh khdi cy rimg cua céac kiéu rimg hon
loai khac tudi, trong khi chua thé 14p dwgc mo hinh theo loai thi bién WD s&
gilip cai thién do tin cay, giam sai s6 khi udc tinh sinh khdi theo mé hinh cho
cac loai khac nhau. Vi WD thuong khong do dac truc tiép trén hién trudng khi
ap dung mo hinh sinh khdi c6 bién nay, gia tri trung binh theo loai thuong
duoc str dung, dit lidu WD ciing c6 san trén co s& dir lidu quéc té (IPCC,

2006; Chave va ctv, 2009) tai web site http://db.worldagroforestry.org/wd.

Ngoai ra, mot s tac gia cho rang duong kinh tan cay (CD, m) hodc dién
tich tan 14 (CA, m?) giap cai thién do chinh xé4c va do tin cdy cta cac ude tinh
sinh khéi cdy rimg (Dietz va ctv, 2011; Henry va ctv, 2010, 2015; Huy va ctv,
2016b). Diéu nay duoc giai thich 1a hai ca thé ¢ thé ¢d cing D, H va ca WD
nhung do loai khac nhau hodc do moc trong diéu kién sinh thai nhu dia hinh
khéc nhau dan dén hinh théi tan 14 s& rong hep khac nhau va lam thay déi tong
sinh khoi trén, dudi mat dat, vi vay néu bién CD hic CA tham gia vao mo
hinh s& cai thién do tin cay trong nhiing trudng hop nhu vay. Tuy vay bién sd
CD, CA it duoc biét va ap dung trong cac mé hinh sinh khdi cho du né dai
dién cho sy khac biét vé tan 14 cdy ciia nhimng cdy c6 cung D. H. WD (Huy va
ctv, 2016b)

C4c bién sd dau vao noi trén co thé sir dung nhu 1a bién don hodc t6 hop
bién: D?H (m®) = (D (cm) / 100) 2 x H (m) dai dién cho thé tich than cdy va
D2HWD (kg) = D?H (m3) x WD (g/cm?) x 10° dai dién cho sinh khéi than cay
(Brown, 1997; IPCC, 2003; Cairns va ctv, 2003; Basuki va ctv, 2009; Chave
va ctv, 2005, 2014; Huy va ctv, 20164, b, c; Kralicek va ctv, 2017).

1.3.3 Dang ham sinh khoi
Mot loat cac dang ham toan co thé biéu dién mé hinh sinh khoi cay rung

nhu ham ma Power, logarit, bac hai parabol, ham co sb e hodc cac ham léng



14

ghép cac bién sb. Trong d6 dang ham Power di duoc str dung rong réi dé lap
md hinh dy doan sinh khdi vi sy don gian va dg tin cay dat dugc mac du no
c6 thé khong c6 do tin cdy vuot troi so voi mot s mo hinh toan phuc tap hoic
mo hinh 16ng ghép cac ham (Picard va ctv, 2015).

Ham Power d3 dugc dé xuit cho hau hét cac mo hinh sinh khdi vung nhiét
déi (Chave va ctv, 2005, 2014; Pearson 2007; Picard va ctv, 2015; Sola va
ctv, 2014a,b; Huy va ctv, 2016a,b,c; Kralicek va ctv, 2017). D6i khi cac ham
parabol bac hai cling dugc st dung (vi du Brown va ctv, 1989, 1997). Basuki
va ctv (2009) va Huy va ctv (2016c) da st dung cac mé hinh ham Power dé
xdy dung mo hinh sinh khéi trén miat dat cdy rimg khop o ving thap cia
Indonesia va ¢ Viét Nam. Ngay ca qudc gia c6 nén khoa hoc sinh tric ring
phat trién nhu & Hoa Ky thi ham mii don gian cling dugc str dung dé 1ap cac
mo hinh sinh khdi theo loai do c6 c6 do bién dong nho va dat do tin cay cho
phép (Pearson, 2007; Jenkins va ctv, 2003, 2004).

1.3.4 Uéc lwong moé hinh sinh khéi dang power tuyén tinh héa logarit hay
phi tuyén?

M6 hinh Power c6 hai cach chinh dé thiét 1ap: i) Lap mo hinh tuyén tinh
dang log-log (Brown, 1997; IPCC, 2003; Chave va ctv, 2005; Huy va Anh,
2008; Basuki va ctv, 2009; Huy va ctv, 2012, 2014); ii) Lap md hinh tryuc tiép
dang phi tuyén tinh (Non-Linear) (Chave va ctv, 2014; Huy va ctv, 2016a,b,c,
2019; Kralicek va ctv, 2017)

Phuong phap truyén théng va phd bién 14 14p mo hinh dang Power bang
cach tuyén tinh hai vé bang ham logarit sau d6 wéc lugng bang phuong phap
binh phuong tbi thiéu (Least Squared). Tuy nhién véi su tién bd cua khoa hoc
sinh tric, cong nghé may tinh di cho phép wdc tinh truc tiép cac tham sd cua
mo hinh Power ¢ dang phi tuyén ma khong phai théng qua ham trung gian l1a

logarit nhu trude ddy, vi vy hau hét nang cao duoc do tin ciy ctia md hinh
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sinh khéi dang phi tuyén, Cac phuong phap udc luong ham phi tuyén hién dai

bao gom phi tuyén theo phuong phap binh phuong téi thiéu (Non-Linear fit

by Least Squared) hodc phi tuyén uéc luong theo phwong phap hop 1y cuc dai

(Non-Linear fit by Maximum Likilihood).

Kiém tra dé lya chon mot trong hai phuong phap ndi trén thuong sir
dung chi s Furnival’s Index (FI) (Jayaraman, 1999) dé so sanh cac mo hinh
khéng gidng nhau vé bién sb phu thudc (vi du y va In(y)), luc nay cac chi tiéu
théng ké nhu hé s6 xac dinh R?, AIC (Akaike information criterion), cac loai
sai s6 s& khong thé dung dé so sanh do khic nhau vé gia tri cua bién phu
thudc. Cac mo hinh theo phuong phap udc lugng c6 chi sé Furnival thap hon
1a t6t hon (Huy Vva ctv, 2016b)

1.3.5 Mb hinh c6 trong sé

Pbi véi cac mo hinh sinh khdi, khi bién sd doc 1ap tang lén, vi du nhu D
thi bién du doan sinh khéi vi du AGB sé ting 1én va phan tan rong hon goi la
hién tuong heteroscedasticity. Hay noi khac & cac cdy co kich thudc 16n sé co
d6 phan tan cao gia tri sinh khodi quan sét va néu ap dung phuong phap udc

lwvong ham théng thudng s& mic sai s6 16n & cac cdy co kich thude 1on. Vi

vy dé giam bién dong va sai sé du doan vi sy phan tan dit liéu sinh kh6i AGB

khi D tang 1én, trong s6 can duoc ap dung trong thiét 1ap mé hinh sinh khi

(Davidian va Giltinan, 1995; Picard va ctv, 2012).

1.3.6 Thiét lgp mé hinh phi tuyén tinh cé trong sé c6 hay khong cé dnh
hwéng cdic nhéin té ngdu nhién theo phwong phap hop Iy cwe dai
(Weighted Nonlinear Fixed/Mixed models with/without random
effects fit by Maximum Likelihood)

C6 céc phuong phap udc lwong mo hinh phi tuyén tinh khac nhau nhu
binh phuong tdi thiéu (Least Squared), Marquardt, Maximum Likelihood;
trong d6 phuong phap Maximum likelihood 1a phuong phap tién tién, cho két
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qua thiét 1ap truc tiép cac md hinh phi tuyén tinh c6 do tin cdy cao (Bao Huy,
2017a, b).

Ngoai ra m6 hinh phi tuyén theo phwong phap Maximum Likelihood con
c6 hai dang: i) Cb dinh (Fixed), d6 1a m6 hinh theo cac bién sb doc lap cb
dinh va ii) Hon hop (Mixed) 1a2 md hinh thay d6i theo cic nhan t6 anh hudng
ngau nhién khac (random effects) ngoai bién sé doc 1ap, vi du nhu céc nhan t6
sinh thai, moi truong, khi hau (Bates, 2010; Pinheiro va ctv, 2014; Huy va
ctv, 2016 a,b,c; 2019; Bao Huy, 2017a, b). M0 hinh dudi anh huéng ngau
nhién ctia cac nhan t6 (random effects) thay doi cac tham sé ctia cac mé hinh
theo sy thay d6i ctia cac nhan t6 tac dong, 1am cho mo hinh chung phan chia
thanh cac md hinh theo tirng nhan t va phu hop hon véi su da dang cia yéu
t6 moi trudng trong thuc té. Py 1a mot dang mo hinh tién tién trong nang cao
d6 tin cdy ciia mo hinh sinh khéi khi ma cdy rimg thuong moc trong nhiing
diéu kién hoan canh khéc nhau.

1.3.7 Phwong phép thiét lip dong thoi cdc mé hinh Sinh khéi bp phin va
chung (Seemingly Unrelated Regression - SUR)

Theo phuong phép truyén théng thi cac mo hinh sinh khdi thanh phan cua
cdy rumg va tong duoc thiét 1ap mot cach doc 1ap. Cac nghién ciru da cho thay
rang tong cac ham power clia cac md hinh wéc tinh sinh khéi thanh phan khong
phai 1a ham power cta phuong trinh AGB chung cac thanh phan (Picard va ctv,
2012; Sanquetta va ctv, 2015; Poudel va Temesgen, 2016). Do d6 thiét 1ap cac
mo hinh thanh phan sinh khéi doc 1ap dé tinh tong AGB s& c6 do 1éch dang ké
so v6i mo hinh udc tinh AGB doc 1ap. Ngoai ra, cac sinh khoi thanh phan con
c¢6 quan hé v6i nhau theo mdi twong quan chéo giira cac phuong trinh, vi vay
mot phuong phap méi da duoc xay dung dé khic phuc cho nhugc diém lap cac
md hinh sinh khdi thanh phan doc lap, d6 1a thiét 1ap hé thong dong thoi cac

md hinh sinh khéi bo phan va tong chung (Seemingly Unrelated Regression —
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SUR). Nhiéu cong bd da chimg minh phuong phap SUR di cai thién déng ké
d6 tin cdy khi thiét 1ap hé thong m6 hinh sinh khéi vi c6 cdc mdi quan hé sinh
khéi thanh phan voi nhau (Parresol, 2001; Picard va ctv, 2012; Poudel va
Temesgen, 2016; Kralicek va ctv, 2017; Huy va ctv, 2019).

1.3.8 Phdt trién mé hinh sinh tric wéc tinh sinh khoi, carbon cdy rirng

M6 hinh sinh tric (allometric equation) udc tinh sinh khdi cay rimg trén
thé giéi dd dugc thuc hién boi nhiéu tac gia nhu Brown (1997 - 2001),
MacDicken (1997), Nelson va ctv (1999), Ketterings va ctv (2001), Cairns va
ctv (2003), Ziegler va ctv (2012), Chave va ctv (2005, 2014), Pearson (2007),
Basuki va ctv (2009), Henry va ctv (2010, 2015), Dietz va ctv (2011),
Johannes va ctv (2011) va Matthew va ctv (2018). Tuy nhién cac mé hinh
sinh khdi trén thé gidi sb lidu cay chat ha con it trén vang nhiét déi rong 16n
toan cu, hau nhu chua co6 dir liéu dai dién cho ring nhiét dsi Viét Nam va
chua dugc danh gia sai sé va do tin cay, do vay chwa thé ung dung & Viét
Nam. Vi vay nghién ctu xay dung cac md hinh sinh khéi, carbon cy ring
trong cac kiéu ring va ving sinh thai khac nhau ctia Viét Nam la can thiét
trong giai doan hién nay khi tham gia chuong trinh UN-REDD+. Véi nhu cau
nay, gan day ¢ Viét Nam di bat dau thiét 1ap hé thong moé hinh udce tinh sinh
khéi cay rimg cho mot sé kiéu rimg chinh nhu ring 14 rong thudng xanh,
rimg khop (DF), tre 16 6, riing ngdp min va duoc thira nhan trén thé giéi (Huy
va ctv, 2008, 2016a,b,c, 2019; Hai va ctv, 2015; Nam va ctv, 2016; Nam va
Vinh, 2016; Kralicek va ctv, 2017).

Pbi v6i cac nude phat trién va co to thanh loadi khong qua phuic tap nhu ¢
Hoa Ky thi mé hinh sinh khéi duogc 14p sin cho hau hét cac loai cay (Jenkins
va ctv, 2003, 2004; Ter-Mikaelian va Korzukhin, 1997). Véi su da dang cua
rimg nhiét ddi, phat trién cac mo hinh cho ting loai cu thé 1a khong thyc té va

cac nha nghién ctru da tap trung vao cac moé hinh da loai véi ¢& mau 16n hon,
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vi du Brown va ctv (1997) da st dung 371 cdy mau chit ha va Chave va ctv
(2005) da st dung 2410 cdy mau dé lap cac mé hinh sinh khdi chung cho
viing rimg nhiét déi. Jara va ctv (2015), Chave va ctv (2014) da chi ra rang
cac phuong trinh sinh khéi chung cho ving nhiét déi nhu vay c6 thé dan dén
sai sO hé théng 1én dén 400%, do vay cac mo hinh tai dia phuong c6 thé 1a
mot thay thé t6t hon va du kién s& cung cép do tin cdy cao hon so voi phuong
trinh chung (Chave va ctv, 2014). Dé ning cao d6 tin cdy cua md hinh sinh
khéi, Temesgen va ctv (2007, 2015) dé nghi phat trien mo hinh sinh khéi toan
dién v&i1 su tham gia cua cac bién sb 1am ph::in nhu mat do, va thuc hién theo
cac quy mé khong gian khac nhau.

Riéng ¢ Viét Nam, trude khi ¢6 chuong trinh REDD* thi mét s6 nha khoa
hoc ciling di quan tim dén sinh khéi rimg nhu Nguyén Ngoc Lung (1989)
nghién ctru dau tién vé sinh khéi cho rimg thong ba 14 thudc tinh Lam dong va
d3 dwa ra phuong phap mé hinh hoa sinh khéi rimng dya vao cac chi tiéu diéu
tra rimg. Vo Pai Hai (2009) nghién ctru hap thu CO; ciia rimg trong bach dan
Urophylla. Khi chuong trinh UN-REDD* dugc Lién Hiép Qudc khai xudng &
Viét Nam, cac nha khoa hoc d3 bt dau c6 nhiéu nghién ctru, thiét 1ap cac mo
hinh sinh tric v6i muc dich udc tinh sinh khéi, carbon ring phuc vu cho viée
b0 c4o phat thai khi nha kinh tir rimg trong khuon kho chuong trinh REDD+.
Pén nam 2008, Huy va ctv da c6 nghién ctru tham do dau tién dé 1ap mo hinh
udc tinh kha niang hap thuy CO; cia rung 1a rong thuong xanh ving Tay
Nguyén. Tiép dén V5 Dai Hai va ctv (2012) di c¢6 bao cao vé kha niang hap
thu carbon rung tu nhién 14 rong thuong xanh, ban thuong xanh va rung 14 &
Tay Nguyén, Bao Huy va ctv (2013), Huynh Nhan Tri (2014) da thiét 1ap mot
hé théng cic mo hinh udce tinh sinh khéi, carbon cho ting bo phan va toan bo
cho cay rimg va 1am phan phan trén va dudi mat dat voi dbi tuong 1a rimg tu

nhién 14 rong thuong xanh & ving Tay Nguyén. Di v6i rimg 14 rong thudng
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xanh vung Nam trung bg, Bao Huy (2016) ciing da dua ra cac phuong phap
thiét 1ap m6 hinh udce tinh sinh khdi, carbon rimg theo kiéu rimg va ving sinh
thai. Pham Tuin Anh va Bao Huy (2016) d3 xay dung hé thng cac mé hinh
wéc tinh sinh khoi rimg 14 rong thudng xanh sir dung bién dau vao cong dong
c6 kha nang do dac, giam sat.

Gan day cac phuong phap luan va thiép 1ap mo hinh, thAm dinh sai s6, do
tin cdy cua cadc md hinh sinh khdi cay rung ty nhién ctia Viét Nam da duoc
cong bo c6 tinh hé thong (Huy va ctv, 2016a,b,c; 2019; Bao Huy, 2016).

Sinh khéi dudi mat dat caa cay gd rat kho nghién cau, 1y do 1a viéc dao ré
dé thu thap dir liéu sinh khéi 1a mot viéc 1am tén kém va khé thuc hién, dic
biét 1a dbi véi cac cay gd co kich thude 16n, ré sau, lan rong. Nghién cau lap
md hinh sinh khdi cho phan ré cay g do vay rat han ché, hién tai & Viét Nam
chi c6 mot vai cong bd vé md hinh udc tinh sinh khéi cay rimg phan dudi mat
dat (BGB) nhu ctia Bao Huy (2013) cho rimng 14 rong thuong xanh va Kralicek
va ctv (2017) cho hai kiéu rimg 14 rong thuong xanh va khop.

Pé udc tinh BGB hién nay trén thé gidi chu yéu sir dung hé s6 chuyén doi
tir phan trén mat dat ra phan dudi mat dat. Hé sé chuyén doi tr sinh khéi trén
mat dat sang sinh khéi dugi mat dat caa thyc vat (R) (IPCC, 2006): BGB =
RxAGB; hé s6 R ddi véi rimg mua nhiét d6i 1a 0,37, ddi véi ring nira rung la
am nhiét d6i thi R = 0,20 — 0,24. Ngoai ra Dietz va ctv (2011) ciing cho thay
ty 16 BGB/AGB rit bién dong theo dudng kinh cay ring. Trong khi d6 theo
MacDicken (1997) thi R = 0,2 (BGB = 20%xAGB).

1.4 Tham dinh chéo (Cross-Validation) mé hinh sinh tric

Pé du diéu kién nhan chi tra tai chinh cta chwong trinh REDD* thi yéu
cau cac qudc gia tham gia phai c6 uéc tinh chinh xac vé trit luong carbon va
khi thai lién quan dén tat ca cac kiéu che phu dat quan trong (Brown, 2002;
UNFCCC, 2008).
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Cac mé hinh duogc sir dung dé udc tinh sinh khi va trir lwong carbon
trong rirng (Hanpattanakit va ctv, 2016) trong hé thong “Po luong — Béo céo
— Tham dinh (MRV)” ctia chuwong trinh UN-REDD?* can chi ra sai s cua cac
md hinh nay trong ban bao cdo 1a diéu can thiét. Vi vay, cac phuong phap
tham dinh chéo (Cross Validation) duoc str dung va 13 co s& dé tham dinh va
déanh gia khach quan sai sé caa cac mé hinh sinh khéi nay.

Ngoai ra dé lya chon mo hinh ti wu va cung cip thong tin sai s6 chinh
xac cac mod hinh sinh khéi thi cac phwong phap “Tham dinh chéo — Cross
Validation” (Moore, 2017; Zhang, 1997) gitp tranh lua chon cdc mé hinh co
sai léch 16n so voi thuc té (overfitting). Bén canh d6, tham dinh chéo con gilp
cho viéc Iyra chon cac bién s thich hop cho mé hinh (Picard va Cook, 1984)

C6 bbén phuong phap tham dinh m6 hinh can xem xét 1a: Phuong phép
truyén thong 1a sir dung dir liéu doc 1ap, cac phuong phap tham dinh chéo nhu
Leave-One-Out Cross Validation (LOOCV), K-Fold va Monte Carlo.

1.4.1 Phwong phdp thdm dinh sai sé svr dung di ligu djc ldp

Phuong phap phan chia dit liéu ngau nhién 1am hai phan: Vi du 80% cho
1ap mo hinh va 20% cho danh gia sai s6 ctia cac mo hinh. Day 1a phuong phap
truyén thong, str dung mot bo dir liéu doc 1ap dé danh gia sai s6 cua mo hinh
da thiét 1ap (Bao Huy, 2017a,b)

Céc sai s6 ctia cac md hinh duoc tinh toan bao gdm % sai léch giita quan
sat va dy bao qua md hinh (Bias %), sai s6 trung phuong trung binh % (Root
Mean Square Error - RMSE %), va sai sd tuyét d6i trung binh % (Mean
Absolute Percent Error - MAPE) (Mayer va ctv, 1993; Chave va ctv, 2005;
Basuki va ctv, 2009; Swanson va ctv, 2011; Huy va ctv, 2016a,b; Bao Huy,
2017a,b):
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Trong d6 n 1a s6 cdy mau doc lap dung danh gia, va y; va y; 1a gia tri

quan sat va udce tinh qua moé hinh.

Khi 4p dung phuong phap tham dinh sai s truyén théng can xem xét
tinh 6n dinh thong tin sai s6 cta cdc md hinh udc tinh sinh khéi & cac ving,
dia phwong khac nhau. Vi day 1a phuong phép st dung dir lidu doc 1ap dé so
sanh, tham dinh sai s6 mo hinh va thuong khong cung cip chinh xac sai s6
trong moi trudng hop tng dung. Sai sd chi dugc xac dinh mot 1an cho mot bo
dir lidu doc 1ap nhét dinh va c6 thé thay d6i khi 4p dung theo mot bo dit lidu
doc 1ap khéc, do d6 nd ¢ y nghia trong danh gia sai s6 khi &p dung mé hinh
vao mot dia phuong cu thé.

1.4.2 Phwong phdp thim dinh chéo - Leave-One-Out Cross Validation
(LOOCV)

Vi phuong phdp Leave-One-Out Cross Validation (LOOCV) tir n dit
liéu cdy mau, sir dung n-1 dit liéu 1ap mo hinh va 1 dir liéu doc 1ap dung dé
danh gia sai s0, 13p lai nhu vay v6i n 1an 1ip mo hinh va danh gia sai s6 va sai
s6 mbi 1an duoc tinh tir mot dit liéu doc 1ap khong tham gia 1ap mo hinh, sau

d6 1ay trung binh (Moore, 2017).
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1.4.3 Phwong phdp tham dinh chéo - K-Fold

Theo Moore (2017) phuong phap K-Fold phan chia dit liéu thanh K
phan bang nhau, K-1 phan dit liéu dung 14p mé hinh, mét phan dit liéu khong
tham gia 1ap mé hinh dung dé danh gia sai s6. Tién hanh 1ip lai nhu vay K
1an, mdi 1an 1§y mot ph?m dit liéu khac nhau dé thAm dinh mé hinh va tinh sai
s6 trung binh tir K 1an lip (thong thudng K= 5 - 10 lan).

1.4.4 Phwong phdp tham dinh chéo - Monte Carlo

Temesgen va ctv (2014) va Huy va ctv (2016a,b) mo ta phuong phap
Monte Carlo sir dung dé tham dinh chéo cdc mé hinh sinh khéi nhu sau: phan
chia dit liéu ngiu nhién lam 2 phan, mot phan dung dé 1ap mo hinh (thudng tir
70%-80% dir liéu) va mot phan dung dé danh gia sai s6 (thuong tir 20% -
30% dir liéu). Tién hanh lap lai nhu vay R 1an dé tham dinh cac mé hinh va
danh gia sai s6, cudi cung gia tri thong ké so sanh cac md hinh va sai s6 duoc
tinh trung binh tir R lan.

Nhu vdy dbi voi ba phuong phap tham dinh chéo, khi danh gia sai sd,
cac phuong phap nay khong bé ra mot phan dir liéu dé danh gia nhu cach lam
truyén thong (can tach dir liéu doc 1ap riéng dé danh gia), nd phén chia dir liéu
thanh hai phan (phan 1ap mo hinh va phan danh gia sai sb), sau khi da thu
duoc sai s6 ctia cdc md hinh, mé hinh sau cung duogc lap dya vao toan bo dir
liu. Pay 13 vu diém cua phuong phap tham dinh chéo d6 1a vira tiét kiém dir
lidu, dic biét 1a dir liéu rat ton nhiéu chi phi cong stc dé thu thap nhu sinh
khéi cdy rimg, dong thoi mé hinh s& c6 do tin cdy cang cao hon vi phan anh
va dai dién cho toan bo dir liéu ¢ cac vung sinh thai thu thap (Bao Huy,
2017a,b).
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1.5 Hé sinh thai rirng khdp va cac mé hinh sinh khéi dwoc thiét 1ap cho
kiéu rirng nay
1.5.1 H¢ sinh thdi rirng khop

O chau A, c6 bén kiéu rimg cay ho dau chiém vu thé d6 1a rirng nhiét d6i
am udt rung 14, rimg ban thudng xanh nhiét déi, rimg nhiét d6i rung 14 4m va
rung nhiét doi kho rung 14 (Appanah, 1998). Rung khop ¢ Viét Nam thudc
kiéu sau cing. Céc kiéu rimg nay chiém mot luong 16n cic moi trudng song
tr ven bién vao néi dia, ven song dén dam 1§y va dat kho, tur gon song dén dia
hinh phtc tap, ring ndi, suon nui, thung liing, trén dat phong hoa tir sdu dén
nong, thoat nudc tot dén kém, va tir giau dén ngheo chat dinh dudng (Maury-
Lechon va Curtet, 1998).

Theo Thai Vin Trimg (1978), ¢ Viét Nam ring khop nam trong kiéu phu
mién thyc vat than thudc voi khu hé di cu Malaysia — Indonesia va An Do -
Mién Pién, wu hop ho dau (Dipterocarpaceae) va ho Bang (Combretaceae).
Pay 13 kiéu phu mién ctia ché d6 hoi khé ¢ mién Nam Viét Nam, chiu anh
huong 16 rét cia nhdm nhén t6 da me - tho nhudng trong qua trinh phat sinh.

Maury-Lechon va ctv (1998) cho biét ring khop co phan bd chu yéu &
Pong Nam A. Tai Viét Nam, rimg khop phan bd chi yéu & Tay Nguyén, ving
duyén hai Nam Trung B6 va Pong Nam Bo. O Viét Nam, ring khop co dién
tich khoang 650.000 ha phan bd tir Nam cao nguyén Pleiku dén T4y Ninh;
trong d6 tip trung & huyén Buon Pon, Ea Soup cua tinh Pak Lik ving Tay
Nguyén (Huy va ctv, 2018).

Theo Appanah (1998) rung khdp bi gidi han trong vung khi hdu nhiét
d6i vai luong mua trung binh hang nam trén dudi 1.000 mm, c6 mdt mua
mua Uung nudc va mot mua khod khéc nghiét; do cao phan bd tir 450 - 600m

trén dat ferralitic pha cat soi (Maury - Lechon va ctv, 1998)
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Theo Thai Van Tring (1978) cho thiy rimg khop ¢ Viét Nam hinh thanh
do ché d¢ nhiét 4m, voi mua kho kéo dai va khic nghiét (4 - 6 thang kho, 1 - 2
thang han va 1 thang kiét). Kiéu rumg thua c6 quan hé véi lugng nude thap
ma dat con gitr lai. Mat do cdy trong quan thé phu thudc vao 1y tinh dat nhu
thanh phan co gidi, cdu tugng, do sdu muc nudc ngam. O rimg khop, cdy
rimg phat trién manh vao mua mua va rung 14 vao mua khd (Erskine va Huy,
2003). Rimng khop c6 tang cdy to & trén va bén dudi 1a cac loai 14 cimg don va
rung 14 vao mua Kho han, hodc tham co tranh, le tre va bi lira rimg dot chay
hang nam. Tat ca cac loai ciy trong hé sinh thai rimg khop déu thich nghi véi
méi trudng lra rimg hang nam. Dé bao ton loai, ching ¢ kha ning dam choi
gbc va choi ré rat manh.

Rung khop gom cac Kiéu wu hop v6i uu thé dau tra beng (Dipterocarpus
obtusifolius) va dau dong (Dipterocarpus tuberculatus); cam lién (Pentacme
siamensis) va ca chit (Shorea obtusa). C4c loai cdy ho dau uvu thé gom bay
loai chinh: dau tra beng (Dipterocarpus obtusifolius), dau dong
(Dipterocarpus tuberculatus), dau 16ng (Dipterocarpus intricatus), ca chit
(Shorea obtusa), sén do6 (Shorea cochinchinensis), cam lién (Pentacme
siamensis) va chiéu liéu den (Terminalia tomentosa) (Thai Van Trung, 1978).

Rung thua cay ho dau xuat hién trén “dat xam xuong xau bazalt” (Thai
Vin Tring, 1978). B Pinh Sam (1986), Tran Vian Con (1991, 2000), Erskine
va Bao Huy (2003), Pham Céng Tri (2018) cho biét rimg khop phan bd trén
nhiéu loai dat khac nhau véi dic diém chung 13 ting dat kha mong, trén dudi
50 cm, ¢6 nhiéu d4 soi san 1an trong phau dién, da ndi va két von 1a pho bién.

Rimng khop phan bd & ving c6 lugng mua thip, c6 mot mua kho kéo dai
va khic nghiét. Lira rimg xay ra hang nim vao mua khé va ngip ung cuc bd &
ving triing vio mua mua. Lira rimg 12 mot nhan t6 sinh thai, quyét dinh sy

hinh thanh va bén viing cta rimg khdp nhu gitip cho cdy tai sinh, diét sau
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bénh, kich thich sinh trudong. Rimg khop tuy c6 trir lugng gd thip nhung lai
chira dung da dang sinh hoc cao, ngoai nhom loai cay g, thi n6 1a moi trudng
séng ctia nhom tha 16n nhu voi, nai, bo, trau, ... va khi, vuon, cop, cac loai bo
sat éch nhai, c4, chim, ... vé mit mdi truong thi nang lyc tich iy carbon cua
rimg khop cao hon céc kiéu rimg khac. Day 1a kiéu rimg rung 14 voi cac loai
cdy uu thé cha yéu 1a cdy ho dau, tiy theo 14p dia ma hinh thanh nén cac uu
hop voi 2-3 loai cdy vu thé nhu: Ca chit - cam lién, cdm lién - chiéu liéu den,
dau dong - ca chit, ... day 1a cac loai cay chiu ltra vi vay c6 vo day, tai sinh
hat va chdi, cdy tai sinh chét di sng lai khi bi chay. Rung khop 14 kiéu ring
khé&c tuoi, c6 2 tang ciy gd (tang wu thé va ting dudi tan), tang le tre, cdy bui,
thuong khong c6 tham tuoti, vat li¢u roi rung thuong bi chay hét vao mua kho
(Pham cong Tri, 2018).

Rumng khop tai Viét Nam 1a rimg khéc tudi, c6 cdu tric tang tan don gian
chi gdm 2 tang tan, ting wu thé sinh thai gdm céc cay gd, ting dudi tan 1a cac
ciy bui, le tre va ciy co, cdy gd cao téi 20 m, duong kinh tdi da 50 cm
(Erskine va Huy, 2003). Phan b6 s cdy theo cip kinh dang giam, loai cay gb
16n dong nhét véi loai cay tai sinh, cho thiy sy 6n dinh t6 thanh cta kiéu rimg
nay. Mat do ciy thua, bién dong tir 100-500 cay/ha d6i voi cay co duong kinh
ngang nguc trén 10 cm. Ting trudng thuong cham, do d6 gd co khdi luong
thé tich (Wood Density - WD) cao, thuong WD tir 0,6 dén trén 1,0. Trit luong
gd thép, trung binh 100-150 m¥ha. C6 kha ning tai sinh chdi va hat manh
Appanah va Turnbull (1998), vat liéu roi rung thuong bi chay hét vao mua
kho, c6 kha ning tai sinh choi va hat manh (Huy va ctv, 2018; Pham Cong
Tri, 2018).

O ring khop, ciy rimg phat trién manh vao mua mua va rung 14, ngimg
sinh truong vao mua kho. Vao mua khd cdy 14 ryng nhiéu, & mit dat lai

thuong 1a céac loai co, le va cay con moc day dac nén chay rung hang nam.
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Tuy nhién, chinh ltra rimg lai 12 yéu t6 tich cuc lam qua ciy c6 du diéu kién
dé nay mam va tao nén stc tai sinh cta rirng khop.

Omar va ctv (2015) cho thay rimg khop 1a mét kiéu rumg da chirc ning
nhu bao tén va san xuat théng qua cung cip cac loai gb co chat lwong va lam
san ngoai gd da dang nhu duoc liéu, luvong thuc va mot luong 16n nhya tir cac
loai thudc ho Dau. Tuy nhién, trong nhitng ndm gan day, loai rimg nay dang
bi suy thoai do khai thac qua mutrc va chuyén ddi muc dich sang trong cay
cong nghiép nhu cao su, gy ra tac dong khong mong mudn dén moéi truong
(Huy va ctv, 2018). Cac khu vuc khop thuong c6 didu kién moi truong khic
nghiét nhu han héan, chay rirng vao mua kho va I lut trong mua mua. Chi céac
loai ho Dau mdi ¢ thé thich nghi, ton tai trong diéu kién sdng khic nghiét
nay. Do d6, rung khop ¢ y nghia cao trong bao vé moi truong (Huy va ctv,
2018), dac biét 1a c¢o lap carbon dé giam thiéu bién doi khi hau.

1.5.2 Cdc mé hinh sinh khoi rieng khop

Trong khi rirng khop co s6 1oai, chi va ho thuc vat 1a than gd uu thé
khong nhiéu, xu thé ddi véi kiéu rung nay Ia 1ap moé hinh c6 d6 chinh xéac cao
dén loai, chi va ho thuc vat wu thé (Basuki va ctv, 2009; Huy va ctv, 2016¢)
dong thoi can bo sung cac nhan t6 1am phan, sinh thai moi truong anh hudng
dén cac tham s vao trong cac md hinh dé ting cuong d6 chinh xac cac mé
hinh trong cac diéu kién 1am phan khac nhau.

Hién tai khdng c6 nhiéu théng tin vé kha nang luu trit carbon cia ring
khop. Mot sé nghién ciru nhu Matthew va ctv, (2018) cho thay trir luong
carbon ctia rimg khop (DF) bao gom ham luong carbon trong cay rimg trén
mat dat (AGC) 1a 222 tin/ha va carbon trong cay rimg dudi mat dat (BGC) la
53 tan/ ha; Laumonier va ctv,(2010) chi ra trong rung khop Sumatra,
Indonesia sinh khdi trung binh trén mat dat 1a 361 tan/ ha, trong khi d6 luong
sinh khéi ciia cdy rimg khop bién dong tir 297 — 386 tan /ha & An do (Panda
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va ctv, 2020), cac sb liéu vé kha ning tich liiy sinh khéi va carbon cua rimg
khop duoc cong bd nay bd cao hon gia tri mic dinh trong huéng dan cia
IPCC (2006).

Mic du DF 1a mét bé chira carbon quan trong ¢ khu vuc chau A va dé
thue thi chuong trinh UN-REDD, nhung c¢6 rat it mé hinh wéc tinh sinh khéi
dugc phat trién cho loai rimg nay (Basuki va ctv, 2009; Rutishauser va ctv,
2013; Huy va ctv, 2016c¢). Cho dén nay, chi c6 mdt vai mé hinh sinh khéi cho
DF. Cairns va ctv (2003) da phat trién cac mo hinh sinh khéi dic trung cho
sau loai pho bién nhat thuéc ho dau & Mexico. Chave va ctv (2005) thiét lap
mo hinh udc tinh AGB danh riéng cho rimg khop vung nhiét doi. Basuki va
ctv (2009) di xay dung mo hinh AGB cho céc loai hdn hop va mét sé chi troi
nhu Dipterocarpus, Hopea, Palaquium, Shorea ¢ Indonesia. Niiyama va Ctv
(2010) d3 phat trién moé hinh sinh khéi dudi mat dat (BGB) trén ban dao
Malaysia va Kralicek va ctv (2017) thanh 1ap cac mo hinh BGB cho ring
khop & Viét Nam. Pay 1a nhitng tdc pham hiém hoi dé cap dén BGB - mot
bién s6 khd khan va tén kém dé do luong. Cac mo hinh sinh khéi cho cac
thanh phan cta cay rimg khop ciing duoc tim thdy trong mét nghién ciru cua
Hanpattanakit va ctv (2016). Cac tac gia da tao ra ba mo hinh dé uéc tinh sinh
khéi than cung véi canh, 14 va r& cho 5 loai cua DF chiém wu thé & Théi Lan.
Basuki va ctv (2009) va Huy va ctv (2016c¢) da thiét 1ap mot sé mo hinh sinh
khéi cho rimg khop ¢ Indonesia va Viét Nam. Ca hai tac gia déu cho thay
phuong trinh sinh khéi 14p theo chi da cai thién do chinh xac trong uwéc tinh
AGB. Ngoai ra, cac phuong trinh theo chi cho thdy khong c6 sy khac biét
dang ké nao & cac khu vuc khac nhau (vi du: Indonesia, Viét Nam) ctia Pong
Nam A.

Huy va ctv (2016c) da thiét 1ap cac md hinh AGB cho cac loai hdn hop

va hai chi 16n cua rimg khop 1a Dipterocarpus va Shorea tai Viét Nam. Két
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qua chi ra rang cidc mo hinh cu thé theo ving sinh thai va cdc mé hinh danh
riéng cho chi d3 cai thién sai sd trong wdc tinh AGB caa DF. Tuy nhién, do
dung lugng mau duge st dung dé phat trién cac mé hinh theo timng chi, loai
ru thé rimg khop con nho, vi vay cac tac gia ciing cho rang can bo sung thém
dir liéu dé thiét 1ap mot cach co hé thdng cac mé hinh sinh khéi theo hé thong
phan loai thuc vat bao gdm ho, chi loai uu thé cho ring khop Viét Nam.

1.6 Ung dung hé thong md hinh sinh khéi ciy rirng dé wéc tinh carbon

tich lily trong bé chira trong cay rirng trén miit dat

Muc dich cudi cung caa do tinh, giam sat sinh khoi, carbon ring la chi ra
lugng CO, twong duong rimg hap thu hoic phat thai theo thoi gian quan ly
ring trén mot dién tich ring cu thé.

IPCC (2006) da chi ra co so cua viéc giam sat phat thai khi nha kinh CO,
tir suy thoai va mat ring la giam sat hai nhom nhan té: Thay d6i dién tich
ring (Activiy Data) va thay doi cac bé chira carbon (Emission Factor) trong
ting 1am phan (théng qua ham sinh trac), tir day tinh duoc lugng hap thu hoic
phat thai CO, theo thoi gian caa ting khu vuc, quéc gia, lam co sé xac dinh
tin chi carbon trong chuong trinh REDD*. Pé cd dit liéu thay d6i dién tich
ring, trang thai rimg, can tng dung cdng nghé vién tham — GIS dé quan Iy
giam sat bién dong dién tich, thay d6i bé chtra carbon rimg (Bao Huy, 2013).

Trén co s& ban dd phan loai rimg, bd tri hé théng 6 miu va ap dung céac
md hinh sinh tric dé xac dinh lugng carbon tich lily ¢ ting thoi diém bao céo.
Gom cac budc sau:

i) B tri hé théng 6 mau: Xac dinh hinh dang, kich thudc, phuwong phap
bd tri 6 mau théng nhat. Xac dinh sd lugng 0 mau voi do tin cay cho trude.

i) Thu thap s liéu trén 6 mau theo cac bién s6 dau vao cua cac mé hinh

sinh trac Iya chon st dung.
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iii) St dung cac ham sinh trac dé wdc tinh sinh khéi, carbon cua cay
ring va suy ra cho 1am phan. Quy dbi tir sinh khéi ra carbon va luong CO;
tuong duong cdy rimg hap thu hoic phat thai néu ring bi mat.

Luong carbon tich lily va CO, twong duong cay ring hap thu dugc tinh
to4n thong qua hé sb chuyén d6i nhu sau:

Carbon = 0,47x Sinh khéi (IPCC, 2006, Bao Huy, 2013)

CO; twong duong = 3,67 x Carbon

Trén co s& mo hinh sinh khéi cdy rimg, wéc tinh duge lugng C va CO,
rimg tich lily tai timg thoi diém trén mot don vi dién tich trong bé chira cay
rung trén va dudi mat dat, két voi véi bién dong dién tich rimg theo thdi gian
xéac dinh duoc lugng CO; rimg hap thu (removal) hay phat thai (emission).

1.7 Thao luin

Ttr tong quan noi trén cho thay:

Phuong phép thiét 1ap va dénh gia sai s6 mé hinh sinh khdi da dugc phat
trién c6 tinh hé théng 1am co s cho viéc 14p va tham dinh chéo cac mé hinh
sinh khdi phuc vu cho tmg dung trong cac chuong trinh UN-REDD*.

Trong 5 bé chira carbon rimg, thi bé chitra trong cdy rimg phan trén mat
dat 1a quan trong nhat vi chiém trit lugng cao nhat va chi thi cho su hap thy
hodc phat thai carbon. Vi vdy mé hinh sinh khéi cho cay rimg 1a quan trong
nhat trong udc tinh tich liiy carbon trong hé sinh thai rimg.

Mo hinh sinh khdi chung cho rirng nhiét d6i ciia thé gidi da duoc thiét lap,
tuy nhién cac két qua thdm dinh cho thiy c6 sai sd 16n khi ap dung vao khu
vuc khong c6 dir li¢u tham gia 1dp mo6 hinh nhu ¢ Viét Nam. Vi vay Viét Nam
khi thyc hién MRV trong khuoén khé REED* can c6 day du hé théng mé hinh
sinh khéi c6 do tin cay theo IPCC (2003, 2006).

Rung khop 1a mot kiéu rimg dic thu phan b trén didu kién lap dia dac

biét, cac loai cay ¢ day c6 kha nang tich liiy carbon khac biét so véi cac loal
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cdy ctia rimg 4m thudng xanh. Viéc sir dung cac md hinh sinh khdi cua ring
am thuong xanh va rimg kho rung 14 khop sé cho sai sb cao. Vi vy can c6
mot hé théng mo hinh wdc tinh sinh khéi riéng cho kiéu rimg nay & Viét Nam
noi riéng va Chéau A néi chung.

O Viét Nam, tuy dd c6 mot s6 mo hinh wéc tinh sinh khéi cho cay rimg
khop dugc thiét 1ap (Huy va ctv, 2016¢; Kralicek va ctv, 2017); tuy nhién céac
tac gia cling chi ra su can thiét bd sung dir li¢u theo loai, chi, ho thuc vat uu
thé trong rimg khop dé thiét 1ap day du va co hé théng cac mo hinh c6 do tin
cdy cao va duogc tham dinh chéo sai s6 so v&i cdc md hinh sinh khdi chung

cho vung nhiét doi.
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CHUONG 2. POI TUQNG, PHAM VI, NOI DUNG VA
PHUONG PHAP NGHIEN CUU

2.1. Péi twong nghién ciru
2.1.1 Péi twong, pham vi nghién civu

Kiéu rimg nghién ctru 1a rimg khop, 12 t8n goi dia phuong cua kiéu rimg
khd cdy 14 rong rung 1a theo mua, uu thé 1a cic loai cdy ho dau
(Dipterocarpaceae). Tén tiéng Anh 1a Dry Deciduous Dipterocarp Forest
(DF).

Theo phan loai rimg wu thé cdy ho dau ¢ chau A, rimg khop thudc kiéu
ring nhiét déi khé rung 14 (Appanah, 1998). Theo Thai Van Trung (1978), ¢
Viét Nam rimg khop thudc kiéu ring thua cay 1a rong hoi kho nhiét déi.
Rung khop nghién ctru nam ¢ hai vung sinh thai 13 Tay Nguyén (CH) va
Pong Nam b6 (SE) (Hinh 2.1).

Nghién ctru tap trung cho cac ho, chi, va loai wu thé ctia rimg khop (Théi
Vin Trimg, 1978 va Huy va ctv, 2016¢), bao gom:

Ho: Dau (Dipterocarpaceac)

Chi: 2 chi wu thé: Dau (Dipterocarpus) va Ca chit (Shorea). Hai chi nay
hau nhu chiém chi yéu trong ho Dau cta rimg khop.

Nghién ciru 4 loai vu thé: Dau dong (Dipterocarpus tuberculatus Roxb.),
dau tra beng (Dipterocarpus obtusifolius Teijsm. e. Mig.), ca chit (Shorea
obtusa Wall. Ex Blume), cam lién (Shorea siamensis Miq.). Pay 1a bén loai
chu yéu trong rimg khop nam trong hai chi nghién ctru noi trén.

M6 hinh sinh khdi dugc 1ap cho cac bd phan cay ring (than (Bst), canh
(Bbr), 14 (Ble), va vo (Bba)) va tong cta cdy ring phan trén mit dat (Above
Ground Biomass — AGB).
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2.1.2 Pdc diém khu viee Va rieng khdp nghién ciru

Dir liéu duogc thu thap ¢ hai vung sinh thai d6 1a vung Tay Nguyén (CH)
va Pong Nam Bo (SE). Cac dia diém nghién ctru ndm & vi d6 Béc: 11°20'N -
13°30'N va kinh d6 Dong: 107°35'E - 108%45'E (Hinh 2.1).

Luong mua trung binh hang niam ¢ CH la 1600 mm va ¢ SE la 1.003
mm, v&i nhiét do trung binh hang nam la 25,3 — 25,5°C, mua kho keo dai 3 - 4
thang. D6 cao so voi mit bién trong c4c ving nghién ctru ndm trong khoang
tir 171 dén 417 m, dia hinh cua khu vuc nghién ciru twong ddi bang phang va
dat chi yéu c6 ngudn gbe nii da lira. (Ngudn: Tir nghién ctru; Hijmans va ctv,
2005; Fischer va ctv, 2008).

2.2 NOi dung nghién ciru

Pé dat dugc muc tiéu nghién ctru, dé tai c6 cac ndi dung chinh sau:

i)  Panh gia dé lua chon phuong phap thiét 1ap va tham dinh chéo mo
hinh sinh khéi

ii) Thiét 1ap hé thong mo hinh sinh khéi cay ring theo hé théng phan
loai thuc vat ap dung phuong phap thiét 1ap mo hinh doc 1ap

iii) Thiét 1ap hé thong mo hinh wéc tinh dong thoi sinh khdi theo SUR
va so sanh voi phuong phép thiét 1ap mé hinh doc 1ap

iv) Tham dinh chéo anh hudng cua cac nhan t6 sinh thai méi truong
rimg va 1am phan 1én m6 hinh udc tinh sinh khéi cay rimg khop

V)  So sanh d6 tin cdy md hinh sinh khdi chung cho vung nhiét déi véi
md hinh cho timg ving sinh thai theo hé théng phan loai thuc vat uu thé rimg
khop.

vi) Dé xuit tir két qua nghién ctru dé ung dung thiét 1ap va tham dinh

chéo hé théng mé hinh udc tinh sinh khi cay rimg
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Hinh 2.1. Ban @6 phan b cac & mau nghién ciu trong rieng khop & Tay
Nguyén (CH) va Bbong Nam B¢ (SE)

2.3 Phwong phap nghién ciru
2.3.1 Tiép cén ldp va tham dinh chéo hé thong mé hinh wéc tinh sinh khoi
cdy rung khop

Mo hinh sinh khéi trong nghién ctru nay hudng dén dat do tin ciy cao
theo yéu cau ctia IPCC (2003, 2006), do vay dit liéu sinh khdi dau vao dé lap
md hinh hinh sinh khéi cay rimg dugc thu thap tryc tiép theo phuong phap ruit
mau chit ha (destructive sampling).

Phuong phap thiét 1ap mé hinh sinh khdi ciing rat da dang, do vay nghién
ctru thtr nghiém va danh gia dé lua chon bién sb dau vao thich hop, chon dang
md hinh, chon phuong phap udc luong mé hinh tuyén tinh hoa hoic phi tuyén

theo cac phuong phap wdc luong khac nhau nhu binh phuong tbi thiéu (Least
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Squared), Marquardt, Maximum Likelihood c6 trong s6, c6 hay khong c6 xét
anh huong cua cac nhan té sinh thai, moi trudng, 14m phan. Str dung phuong
phap u6c luong md hinh sinh khdi cdy rung tién tién 1a “Phi tuyén tinh cb
dinh/tong hop c6 hay khong xét anh huong ngau nhién cta cac nhan tb moi
truong theo Maximum Likelihood” (Weighted Nonlinear Fixed/Mixed
Models with/without Random Effects fit by Maximum Likelihood) thuc hién
trong phan mém ma ngudén md R (Huy va ctv, 2016a,b,c), déng thoi 4p dung
phuong phap méi va hién dai 1a “Thiét 1ap ddng thoi cac md hinh sinh khéi
bd phan va tong cla ciy rimg dang phi tuyén tinh c6 trong sé theo SUR”
(Weighted Nonlinear Models fit by Seemingly Unrelated Regression - SUR)
thuc hién trong phin mém SAS dé nang cao do tin cdy udc tinh sinh khi
thong qua tang cudng moi quan hé giita cac bo phan sinh khéi trong hé théng
mo hinh (Kralicek va ctv, 2017; Huy va ctv, 2019).

Pé danh gia do tin cdy, sai s6 ctia hé thong mo hinh sinh khéi cay rimg
khop, cac phuong phap tham dinh chéo (Cross Validation) dugc thir nghiém
va lua chon trong phan mém ma nguon mé R (Huy va ctv, 2016a,b,c). Tham
dinh chéo 1a phuong phap danh gia sai s6 mo hinh sinh tric hién dai, khach
quan, trong d6 viéc phan chia dir liéu dé 1ap va tham dinh sai sé cia mo hinh
dugc chon ngau nhién trén may tinh va lip lai da 16n dé cung cép sai sd on
dinh, khach quan, toan dién va bao dam duoc yéu cau ctia IPCC (2003, 2006);
phuong phéap nay khic phuc nhuoc diém cia phuong phap danh gia sai so
truyén thong 14 sir dung dit 1iéu doc 1ap chi cho sai sé ding véi dir liéu doc lap
& vung thu thap ma khong phu hgp véi dit liéu ¢ vung khac.

DPdi vé6i ring nhiét déi noéi chung, hau hét déu co su da dang cua cac loai
cay gd, v6i su uu thé cua cac loai, chi va ho thuc vat thuong khéng rd rang.
Nguoc lai, trong rimg khop (DF), cac loai chii yéu nam trong ho Dau

(Dipterocarpaceae) véi mot so chi troi va loai chiém uvu thé ro rét. Do do, dé



35

nang cao do tin cdy udc tinh sinh khoi ciy rimg khop, xem xét cach tiép can

thiét 1ap mo hinh sinh khdi theo ho, chi va lodi cdy gd chiém wu thé theo hé

théng phan loai thuc vat (Basuki va ctv, 2009; Kralicek va ctv, 2017; Huy va

ctv, 2016¢).

2.3.2 Thu thdp sé liéu sinh khoéi trén cdy mdu chdt hg va dir lidu sinh thai
méoi trwong Va lam phan nghién ciru

Hai muoi tAm 6 mau 0,25 ha (50 x 50 m) tai Tay Nguyén (CH), ving
phan bd chil yéu ciia rimg khop ¢ Viét Nam va mot 6 mau 1 ha (100 x 100 m)
trong ving sinh thai Pong Nam Bo (SE) da dugc thiét 1ap (Hinh 2.1). Trong 6
mau, loai ciy gb rumg dugc xac dinh, do cdy co duong kinh ngang nguc (D,
cm) > 5cm va chiéu cao cua cay (H, m). Rimg khop nghién ctru ¢6 mat do (N,
cay/ha) tir 228 - 1291 ciy/ha (voi D > 5 cm), tong tiét dién ngang (BA, m%/ha)
dao dong tir 3,8 dén 23,4 m%ha (Bang 2.1).

Trong mdi 6 mau, khu vyuc nghién ctru thu thap cac dit liéu sinh thai moi
truong nhu do cao so v6i mit bién (Altitude, m), d6 dbc (Slope, d6), luong
mua trung binh nam (P, mm/nam), nhiét d¢ trung binh nam (T, °C/nam), loai
dat (Ngudn: Tir nghién ciru, Hijmans va ctv, 2005; Fischer va ctv, 2008) trinh
bay trong Bang 2.1. Trong d6 c4c nhan t6 c6 su bién dong dugce nghién ctu
anh huong ngiu nhién dén mo hinh sinh khdi nhu khac nhau hai viing sinh
thai, Altitude, P, BAva N.

Bang 2.1. Bién dong dit liéu cac nhan t6 sinh thai moi trudng va 1am phan

rung khop nghién ctru

Nhan t6 sinh thadi méi Tbdithiéu  Trung binh Téi da Sai tiéu
truong, 1am phan chuan Sd
PO cao so véi mat bién 171 246 417 64,6
(Altitude, m)

Do dbc (Slope, °) 0 2,0 8,0 2,2
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Nhan t6 sinh thadi méi Tbéithiéu  Trungbinh Téida Sai tiéu
truong, lam phan chuan Sd
Luong mua trung binh 1.003 1.502 1.600 221,5
nam (P, mm/nam)

Nhiét do trung binh nam 25,3 25,4 25,5 0,07
(T, 0

Loai dit Phat trién trén nti dé lira (Igneous Rocks)

Tiét dién ngang rimg khop 3,78 12,62 23,41 5,61
(BA, m?/ha véi D > 5 cm)

Mat do rung khop (N, 228 534 1.292 256,4

cay/ha véi D> 5 cm)

Nguon: Tir nghién cieu, Hijmans et al., 2005, Fischer et al., 2008

Ap dung phuong phap chit ha cdy mau (destructive sampling) dé thu
thap truc tiép so liéu sinh khéi cdy rimg dé 1ap mo hinh. Rimg khop hdn loai,
khac tudi, nén lua chon cay ldy mau ty 1 thuan véi phan bd duong kinh cua
lam phan (Hinh 2.2) va mat do cta cac loai chiém wu thé (Basuki va ctv,
2009).

Duya vao Picard va ctv (2012) va Dutca va ctv (2020) dé xac dinh sb cay
mau phu hop, dat do tin cay dé 1ap mo hinh (tr 100 — 166 cay mau), vi vay
trong nghién ctru nay c6 tong cong cd 329 cdy mau duogc chit dé thu thap dix
lidu sinh khdi tuoi va 1dy mau dé xac dinh ty 1& sinh khdi kho/tuoi cac bo
phan cdy rimg; trong d6 bao gom 222 cdy mau tir bo dit liéu cua Huy va ctv
(2016¢) va 107 cay duoc 1dy mau tir nghién ctiru ndy, nham tap trung thu thap
sb liéu theo hé théng phan loai thuc vat ctaa rung khp bao gém cac thur bac la
ho, chi va loai wu thé; dong thoi trong d6 tap trung cho 4 loai va hai chi

nghién ctru dang thiéu dit lidu.
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Hinh 2.2. Phan b4 duong kinh (D, cm) (bén trai duai) va chiéu cao (H, m)
(bén phai dudi) cua cac ciy dugc ldy mau chit ha ty 1¢ theo phan b N/D

(bén trén) cua rung khop.

Trudc khi chat ha cay mau, tién hanh do D, H va xac dinh loai cia mdi
cay mau. Chiéu cao cay dugc do lai sau khi cay mau di duoc chit. Khéi
luong sinh khéi tuoi ciia cac bd phan cay nhu 14, canh va than cay c6 vo duoc
can va ghi chép. Than cay miu dugc phan thanh nim doan c6 chiéu dai bang
nhau va do dudng kinh c6 va khong c6 vo clia cay tai vi tri 5 doan. Mau cua
bd phan gd va vo cdy miu 1a 500 g va 300 g va duoc 1y 5 mau o 5 doan trén
than cdy. Mau cta canh 12 500 g va thu thap 3 mau & ba vi tri trén canh (16n,

trung binh va nhé). Mau 14 1a 300 g bao gdm gém hai mau l4 gia va non. Céc
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mau ctia bon thanh phan sinh khdi cia cay da dugc dua dén phong thi nghiém
dé tinh ty 16 khoi luong kho/tuoi, va khéi lwong thé tich gb (WD, g/cm?).
Sinh khéi twoi vo ciy duge xac dinh gian tiép qua thé tich vo cay Vpa
(m®) va khdi luong thé tich vo cay tuoi (dfba, g/cm3) nhu sau.
Thé tich cua than cy c6 vo va khong vo tinh tir 5 doan bang nhau va theo
cong thirc cua Huber (Chapman, 1921).
Viog = Amidie X L (2.1)
Vtop - Abottom x| (22)

3

Trong d6: Viog 12 thé tich mdi phan doan than cay; Vi, 1a thé tich phan
ngon cdy hinh nén; Apotiom V& Amidie 12 tiét dién ngang ¢ phan cubi va giita phan
doan, L 14 chiéu dai mdi phan doan. Thé tich cdy gom thé tich 4 phan doan va

thé tich doan ngon.

Sinh khdi tuoi ciia vo ciy trong mdi cay (Bfpa, kg / cay) duoc tinh trén co
sO dfpa VA Vpa theo cong thire sau:

Bfpa = dfpa X Vpa x 103 (2.3)

Trong d6 Vpa tinh dugc trén co sd thé tich than cay c6 vo trir di thé tich
cay khéng vo theo cong thirc Huber ndi trén, trong khi do dfy, thu dugc tir tinh
trung binh 5 mau vo cay.

Sinh khéi tuoi ctia than cay gd khong vo dugc tinh bang cach ldy sinh
khéi tuoi ciia than cdy ca vo dugc can trén hién trudng trir sinh khoi vo cay
tuoi (Bfya).

Khi ¢ trong phong thi nghiém, thé tich tuoi ciia mau gb va vo cay dugc
x4c dinh bang phuong phap nudc chuyén chd trong dng nghiém. Tat ca cac
mau déu duoc ché nho va say kho & 105°C cho dén khi trong lwong khong
d6i. Khéi lugng thé tich (WD, g/cm®) cia mau duoc lay bang ty sb gitta khoi

lugng kho va thé tich twoi ctia mdi mau. WD ctia mdi cdy mau gd duoc tinh



39

trung binh l1dy tir nam phéan doan. Khdi luong thé tich cua vo cdy ciing dugc
tinh twong tu (Huy va ctv, 2016a).

Sinh khéi kho ctia mdi thanh phan cay da duoc tinh toan theo khdi lugng
tuoi cia né nhan véi ty 1¢ twoi/khd. Sinh khdi ciy ring trén mat dat (AGB,
kg) ciia mdi cay la tong sinh khéi cta than cay (Bg), sinh khéi caa canh nhanh
(Bor), sinh khdi 14 (B)) va sinh khdi ctia vo cay (Bpa) (Huy va ctv, 2016a).

Bang 2.2 cho thdy s6 liéu thong ké tom tit cho tirng bién sé dau vao va du
doan ciia cdy mau chat ha 1y mau trong trudng hop chung cac loai, cho riéng
ho Dau (Dipterocarpaceae), hai chi troi (Dipterocarpus va Shorea) va bén loai
chiém wu thé (Dipterocarpus tuberculatus Roxb., Dipterocarpus obtusifolius
Teijsm. Ex Mig., Shorea obtusa Wall. Ex Blume, va Shorea siamensis Miq.).
Bo dit liéu sinh khéi cua 329 cay mau va cac nhan td sinh thai, moi truong,
1am phan dugc trinh bay trong Phu luc 8.

Bang 2.2. Thong ké tom tat cac bién s sinh khdi du doan va bién sé dau vao

cay mau theo hé thong loai thyc vat ciy gd wu thé rimg khop

Phan loai Bién sb Téi Trung Téi da Sai tiéu
thuc vat thiéu binh chuan (Sd)

Chung loai D (cm) 3,4 18,1 48,8 9,751
N =329 H (m) 2,5 9,2 23,5 4,238
WD (g/cm3) 0,379 0,662 0,953 0,096

Bst (kg) 0,5 95,1 885,3 148,704

Bbr (kg) 0,2 49,8 607,5 86,939
Ble (kg) 0,1 5,3 42,4 6,238

Bba (kg) 0,1 27,7 311,0 45,638

AGB (kg) 1,3 177,9 1.719.8 277,770

Ho thuc vat chiém wu thé
N =228 Ho Dau (Dipterocarpaceae)
D (cm) 4,9 19,1 48,8 10,058
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Phan loai Bién sb Téi Trung Téida Sai tiéu
thuc vat thiéu binh chuan (Sd)
H (m) 2,7 9,1 23,5 4,308
WD (g/cmd) 0,379 0,664 0,917 0,091
Bst (kg) 0,6 106,0 885,3 165,106
Bbr (kg) 0,2 57,9 607,5 98,704
Ble (kg) 0,2 5,9 42,4 6,751
Bba (kg) 0,3 31,9 311,0 51,222
AGB (kg) 1,5 201,7 1.710,8 311,298
Chi thyc vat chiém wu thé
N = 150 Chi Dau (Dipterocarpus)
D (cm) 4,9 20,0 48,8 11,058
H (m) 2,7 9,7 23,5 4,825
WD (g/cm3) 0,379 0,633 0,858 0,079
Bst (kg) 0,6 128,0 885,3 188,052
Bbr (kg) 0,2 69,1 607,5 114,190
Ble (kg) 0,2 6,6 42,4 7,825
Bba (kg) 0,3 36,7 311,0 61,527
AGB (kg) 1,5 240,4 1.710,8 359,983
N=78 Chi Ca Chit (Shorea)
D (cm) 5,6 17,3 48,2 7,512
H (m) 3,1 7,9 14,1 2,709
WD (g/cm3) 0,507 0,724 0,917 0,083
Bst (kg) 1,2 63,8 752,1 95,834
Bbr (kg) 0,2 36,4 377,7 52,694
Ble (kg) 0,3 4,4 19,3 3,540
Bba (kg) 1,2 22,7 101,7 16,697
AGB (kg) 2,9 127,3 1.250,8 162,445

Loai uu thé
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Phan loai Bién sb Téi Trung Téida Sai tiéu
thuc vat thiéu binh chuan (Sd)
N=75 Dau dong (Dipterocarpus tuberculatus Roxb.)
D (cm) 4,9 16,1 40,5 9,357
H (m) 2,7 8,5 19,0 3,922
WD (g/cm?®) 0,379 0,624 0,858 0,090
Bst (kg) 0,6 69,1 548,5 104,9
Bbr (kg) 0,2 42,9 377,7 76,666
Ble (kg) 0,2 5,0 42,4 6,977
Bba (kg) 0,3 13,1 67,5 14,434
AGB (kg) 1,5 130,1 993,5 196,348
N =54 Dau tra beng (Dipterocarpus obtusifolius Teijsm. Ex Miq.)
D (cm) 5,6 20,3 41,2 8,019
H (m) 3,4 8,3 16,4 2,774
WD (g/cm?d) 0,495 0,663 0,826 0,060
Bst (kg) 1,6 97,6 446,2 98,317
Bbr (kg) 0,7 47,6 236,7 52,673
Ble (kg) 0,5 54 16,6 3,942
Bba (kg) 1,2 26,9 87,4 17,724
AGB (kg) 4,0 177,5 736,9 166,810
N =42 Ca chit (Shorea obtusa Wall. Ex Blume)
D (cm) 7,5 16,1 28,5 4,718
H (m) 3,3 8,4 13,8 2,939
WD (g/cm?) 0,555 0,744 0,917 0,085
Bst (kg) 5,1 54,3 262,1 45,702
Bbr (kg) 0,5 27,7 151,6 28,469
Ble (kg) 0,4 4,2 11,8 2,856
Bba (kg) 2,7 18,6 55,1 11,110

AGB (kg) 9,1 104,8 470,5 82,634
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Phan loai Bién sb Téi Trung Téida Sai tiéu
thuc vat thiéu binh chuan (Sd)
N =36 Shorea siamensis Mig.
D (cm) 5,6 18,6 48,2 9,726
H (m) 3,1 7,3 14,1 2,317
WD (g/cmd) 0,507 0,700 0,818 0,074
Bst (kg) 1,2 74,9 752,1 132,4
Bbr (kg) 0,2 46,6 377,7 70,452
Ble (kg) 0,3 4,6 19,3 4,234
Bba (kg) 1,2 27,5 101,7 20,625
AGB (kg) 2,9 153,5 1.250,8 220,776

Ghi chi: Cdc bién sinh khoi di dodn bao gom Bst, Bbr, Ble, Bba va AGB lan lwot la sinh khoz cua than cdy,
canh, ld, vo cdy va tong sinh khoi cdy ring trén mat ddt. Céc bién dau vao ) cdy rung bao gom D, H va WD
lan lwot la dwong kinh ngang ngiee, chiéu cao cdy va khéi lwong thé tich g6. N: 86 lwong cdy dwoc ldy mau
theo phwong phap chat ha.

2.3.3 Lwa chon phwong phdp thiét lip va tham dinh chéo mé hinh sinh
khoi
2.3.3.1 Lura chon phuong phdp wéc liwong mé hinh sinh khoi dang Power

Kiém tra dé Iya chon mot trong hai phuong phap lap md hinh Power la
logarit tuyén tinh theo phuong phap binh phwong téi thiéu (Log linear fit by
Least Squared) va phi tuyén tinh theo phuong phap “Hop 1y cuc dai” (Non-
Linear fit by Maximum Likelihood).

St dung chi s6 Furnival’s Index (Fl) (Jayaraman, 1999; Huy va ctv,
2016b) dé so sanh dd tin cdy cta cic mo hinh theo hai phuong phéap udc
luong khac nhau. Cac mé hinh theo phuwong phap uéc luong co chi sb
Furnival (FI) thap hon 12 tot hon.

Cong thtrc tinh Furnival’s Index (FI) nhu sau (Bao Huy, 2016b):

1 (2.4)

FI = RMSE « ,
Geometric mean (y')
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Trong d6: RMSE: Root Mean Squared Error: Sai sb trung phuong; y’ 1a
dao ham bac nhét cta bién phu thudc y va béng 1; néu bién phu thudc duogc
d6i bién s6 1a In(y) thi s& bang 1/y.

Cong thtrc tinh trung binh hinh hoc (Geometric mean):

Geometric Mean = (ﬁ :r;-) " YTiTz T (5)
i=1
2.3.3.2 Phuwong phdp tham dinh chéo mé hinh sinh khoi cdy rimg (Cross
Validation) dé xdac dinh sai s6 va lua chon mé hinh
Nghién ctru nay thir nghiém ba phuong phap tham dinh chéo mé hinh sinh
khéi
Phwong phdp thim dinh chéo - Leave-One-Out Cross Validation
(LOOCV):

T n dit liéu cAy mau, phuong phap Leave-One-Out Cross Validation
(LOOCV) str dung n-1 dir liéu 1ap mo6 hinh va 1 dir liéu doc 1ap ding dé danh
gia sai s6. Mdi lan nhu vay tinh toan cac chi tiéu thong ké danh gi, so sanh
cac mo hinh nhu AIC (Akaike information criterion), hé s xac dinh R? va cac
sai s6 nhu Bias%, RMSE%, MAPE%. Lap lai nhu vay véin 1an 1ap mo6 hinh
va danh gia sai s6, v6i sai s6 mdi lan dugce tinh tr mot dir lidu doc lap khong
tham gia 1ap mo hinh, sau d6 ldy trung binh (Moore, 2017).

Céch tinh cac sai s6 twong dbi khi 4p dung LOOCV (Bao Huy, 2017):

) 100 i — Vi
Bias (%) = — ‘;-f=1y—1y_yl (2.6)
1

L5\ 2
RMSE (%) = 100\&2%:1 (yy—y) 2.7)
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100 - i
MAPE (%) = =Sk, 2= 2.8)

Trong do, L 1a s6 1an 1ap lai tinh sai s6, moi lan str dung mdt dir liéu doc

1ap dé tinh sai s6 mé hinh (L = n dit lidu); y; va ¥; 1a gia tri quan sat va du

doan qua mo hinh.

Phuwong phap tham dinh chéo - K-Fold

Phuong phap nay phan chia dit liéu thanh K phan bang nhau (K-Fold)
(Kohavi, 1995; Picard va ctv, 2012), ph bién véi K = 10 thi mot phan dit liu
(1/10 dit liéu) khong tham gia 1ap mo hinh dung dé danh gia sai so, trong khi
d6 K-1 phan dir liéu (9/10 dit liéu) dung 1ap mo hinh. Mdi lan nhu vay tinh
toan céc chi tiéu thong ké danh gia, so sanh cac mo hinh nhu AIC, R? va cac
sai s6 nhu Bias%, RMSE%, MAPE%. Tién hanh 1ap lai nhu vay K =10 lan,
va tinh sai s6 trung binh tir K 1an lap (Moore, 2017).

Cach tinh cac sai sb twong d6i theo phuong phap k-fold nhu sau (Bao
Huy 2017):

Bias (%) = —ZE 11202“ > Ji (2.9)
RMSE (%)—kZ 100 lzn: (Yi}:?i)z (2.10)

i=1

1k 100 ly; — §il
MAPE (%) = — (2.11)
0 ,ICZ Z yi

k=1 I



45

Trong d6, k 1 s6 phan dir liéu bang nhau dugc phan chia (k-fold), véi k

= 10; n 1a sO dir liéu danh gia ciia moi lan va y;, y; 1a gia tri quan sat va du

doan qua mo hinh.

Phwong phdp tham dinh chéo - Monte Carlo

Phuong phap Monte Carlo dung dé thim dinh chéo cac mé hinh sinh
khéi duoc mo ta nhu sau: Phan chia dir liéu ngau nhién lam 2 phan, mot phan
dung dé 1ap mé hinh (80% dit liéu) va mot phan dung dé dénh gia sai s6 (20%
dir liéu). Mdi 1an nhu vay tinh toan cac chi tiéu thong ké danh gia, so sanh céac
mé hinh nhu AIC, R? va céc sai s6 nhu Bias%, RMSE%, MAPE%. Tién hanh
lap lai nhu vay R = 200 lan dé tham dinh cac mo hinh va danh gia sai so, cubi
cling gia tri théng ké so sanh cac mo hinh va sai sé duoc tinh trung binh tir
200 1an thdm dinh chéo (Temesgen va ctv, 2014 va Huy va ctv, 2016a,b).

Céc sai s ap dung theo phuong phap tham dinh chéo Monte Carlo v4i R

1an 13p lai ngdu nhién nhu sau (Swanson Vva ctv, 2011; Huy va ctv, 2016a,b,c):
1R 100y, — %, (2.12)
ey © Vi =1

i=1

|«
1 R EANTAT Y
. 1y, -9, 213
RMSE (%) RZMNUJH;( Vi ) o
1R 1008 |y; — 7
MAPE (%) Ezm ° ZL - | (2.14)
- = Vi

Trong d6, R =200 1a s6 lan phéan chia di liéu ngau nhién thanh hai phan,

n 1a s6 dir liéu danh gia ctia mdi 1an rat mau (20% mau rat ngau nhién) va y;
va y; la gia tri quan sat va du doan qua mé hinh.

Cong thuc tinh toan AIC nhu sau:
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AIC=-2In(L) +2p (2.15)

Trong d6 L 1a Likelihood ctia mé hinh, p 13 tong s6 tham s ctia mo hinh.

Pé lya chon md hinh tbi vu qua tham dinh chéo sai s6, chi tiéu AIC 1a wu
tién, mo hinh c6 AIC bé nhat 13 t6t nhat, két hop vdi R? cang cao cang tt.
Trong trudng hop cac md hinh c6 AIC x4p xi nhau thi mé hinh ¢6 cac sai s6
bé hon 1a c6 d6 tin cdy hon va duoc lya chon.

Trong xt 1y s6 liéu theo cac phuong phéap tham dinh chéo, cic phuong
phap tinh toan thong thuong trén cac phan mém thong ké pho bién nhu Excel,
Statgraphics, SPSS, ... khong thé thuc hién duoc vi su phtic tap cua phan chia
dir liéu ngiu nhién, chay mo hinh va tinh cac chi tiéu thong keé, sai sd duoc
lap lai nhiéu 1an, do d6 cong viéc nay can duoc 1ap Code dé thuc hién trong
phan mém ma ngudn mo R hodc SAS.

Cubi cung, sau khi lya chon dang mo6 hinh nho tham dinh chéo va xéc
dinh duoc céc sai sb cia mé hinh lya chon, mé hinh lya chon duogc thiét lap
lai dua vao toan bo dir liéu.

2.3.4 Phwong phdp thiét lip hé thong mé hinh sinh khoi cdy rieng theo hé
théng phén logi thuc vit dp dung phwong phdp thiét lip mé hinh déc
lap

2.3.4.1 Lya chon bién sé dau vao, déc ldp (Predictor(s)) cho md hinh sinh

khoi cdy ring khép

Nghién ctru nay sir dung bién dau vao quan trong cho mé hinh sinh khoi
la duong kinh ngang nguc (& d6 cao 1,3 m so véi mat dat (D, cm) trong tat ca
hé théng mo hinh sinh khdi, vi D ludn c6 quan hé véi sinh khdi toan bo va
thanh phan, dong thoi day 1a bién co ban va dé& do dac trong diéu tra rimg
(Brown va ctv, 1989, 1997, 2001; Brown va lverson, 1992).

Ngoai ra nghién ctru nay dugc tién hanh trén cac ving sinh thai khac

nhau cua rung khop, vi vay bién dau vao chi€u cao cay rung (H, m) ciing
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dugc nghién ctru, danh gia dé phan anh sy khac nhau cta lap dia anh hudng
dén tich liy sinh khéi cay rumg (Basuki va ctv, 2009; Chave va ctv, 2005,
2014; Huy va ctv, 2016a,b,c; Kralicek va ctv, 2017).

Pong thoi rimg khop 1a kiéu rimg hdn loai khac tudi, vi vay bién dau vao
khéi lugng thé tich gd (WD (g/cmd) ciing duoc st dung dé phan anh kha ning
tich lily sinh khbi/carbon khac nhau theo loai (Basuki va ctv, 2009; Chave va
ctv, 2005, 2014; Huy va ctv, 2016a,b,c; Kralicek va ctv, 2017)

Nhu vdy nghién ciu nay thir nghiém ba bién sé dau vao cho mé hinh
udc tinh AGB va sinh khdi cac bd phan (bao gdm sinh khéi than Bst (kg), sinh
khéi canh Bbr (kg), sinh khdi 14 Ble (kg) va sinh khéi vo cay Bba (kg): Do 1a
D (cm), H (m) va WD (g/cm?), dong thoi sir dung t6 hop cac bién, bao gom:

D2H (m?) = (%)2 x H) 1a dai dién cho thé tich cay g8, va td hop D2HWD (kg)

= D?HxWDx1000) 13 dai dién cho sinh khdi than cay gd.
2.3.4.2 Chon dang phwong trinh sinh khoi cdy rimg

Dua trén da cong bd trong va ngoai nude (Brown, 1997; Basuki va ctv,
2009; Chave va ctv, 2005, 2014; Picard va ctv, 2015; Huy va ctv, 2016 a,b,c),
luan an sir dung dang ham Power nhu 13 dang phuong trinh sinh khdi trong
nghién ctru nay.

Ngoai ra Hinh 2.3 va Hinh 2.4 ciing cho thiy AGB va céac thanh phan
sinh khéi cua cay rimg khop theo hé théng phan loai thuc vat ciing quan hé
v6i D theo ham Power, trong d6 sinh khéi c6 xu hudng ting manh khi D tang.
Do d6, nghién ciru nay ap dung ham Power dé 1ap va tham dinh hé thong mo

hinh sinh khéi cay rimg khop véi cac bién s6 dau vao khac nhau.
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Hinh 2.3. Phan b sinh khéi than cay (Bst, kg), canh (Bbr, kg), 14 (Ble, kg),
vo cdy (Bba, kg) va tong sinh khdi cdy rimg khop trén mat dat (AGB, kg)

theo duong kinh ngang nguc (D, cm) trong truong hop chung loai.
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Hinh 2.4. Quan hé AGB theo D theo hé thong phan loai thuc vét wu thé rimg
khop

2.3.4.3 Udc lwong md hinh sinh khoi cé trong sé

Cac mo hinh phi tuyén tinh dang Power duoc 4p dung trong s6 dé diéu
chinh do khong dong nhét trong sai sé & cac cdy co kich thude khac nhau do
hién twong phan hoa bién sinh khdi manh khi kich thudc ciy ting 1én
(heteroscedasticity) (Hinh 2.5) (Davidian va Giltinan, 1995; Picard va ctv,
2012; Huy va ctv, 2016a,b,c; Kralicek va ctv, 2017).
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Hinh 2.5. Phan hoa manh dit liéu sinh khéi khi kich thudc cay ting 1én
theo hién tugng heteroscedasticity
2.3.4.4 Phwong phdp ldp mé hinh phi tuyén tinh cO trong sé theo phuwong
phap “Hop ly cuc dai” (Weighted Non-Linear Fixed by Maximum
Likelihood)

Str dung phuong phap Maximum Likelihood c6 trong sé dé thiét 1ap mo
hinh phi tuyén (Weighted Nonlinear Fixed Models fit by Maximum
Likelihood) véi kiéu dang mé hinh power tong quat nhu sau (Huy va ctv,
2016a,b,c; Kralicek va ctv, 2017):

g~ iid N'(0,6%) (2.17)

Trong do Y; la Bst, Bba, Bbr, Bl, AGB (kg) ing v6i cay thu j; e va B la
tham s6 ctia md hinh; X; 1a céc bién s6 D (cm), H (m), WD (g/cm3), hoic to

hop bién dai dién cho thé tich cdy: D?H hodc t6 hop bién dai dién cho sinh

khéi: D?HWD tng voi cay thi j va gj 1a sai s6 ngau nhién tmg voi cay thi j.
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Mot ham phuong sai theo trong sd di dugc ap dung dé diéu chinh cac
tham s6 cia mé hinh nhdm giam bién dong sai sé nay. Ham phuong sai c6
dang nhu sau (Huy va ctv, 2016a,b,c; 2019):

Var(e;) = o2(v,)% (2.18)

Trong do & 1a sai s6 ngau nhién; ¢ 2 1a sai s6 binh phuong; v; 1a bién

trong s6 (D, D?H hoic D2HWD) tuong tng véi cdy thir j va o 13 hé s6 ciia ham

phuong sai.

Str dung phin mém ma ngudn md R theo chwong trinh nlme dé thiét 1ap
mo hinh phi tuyén co trong sé theo phuong phap Maximum Likelihood
(Bates, 2010; Pinheiro va ctv, 2014; Huy va ctv, 2016a) va chan doan do tin
cay, sai s6 ctia mé hinh qua cac dd thi duoc thuc hién theo chuong trinh
ggplot2 chay trong R (Wickham va ctv, 2013).

2.3.5 Phwong phdp thiét lgp dong thoi hé théng mé hinh sinh khoéi
(Seemingly Unrelated Regression — SUR)) va so sdanh véi phwong
phdp thiét Igp mé hinh déc lap

Pé cai thién sai léch giita két qua udc tinh sinh khéi thanh phan va tong
theo c4c md hinh duogc thiét 1ap doc 1ap nhau, ludn an thir nghiém thiét 1ap
dong thoi hé théng cac mo hinh sinh khdi thanh phan va chung theo phuong
phap SUR (Parresol, 2001; Picard va ctv, 2012; Poudel va Temesgen, 2016;
Huy va ctv, 2019).

Mo hinh phi tuyén c6 trong s6 SUR (Weighted Non-Linear Seemingly
Unrelated Regression) (Parresol, 2001; Poudel va Temesgen, 2016; Kralicek
va ctv, 2017) theo phuong phap binh phuong tdi thiéu (GLS) duoc thiét 1ap
theo chuong trinh Proc trong phin mém SAS (SAS Institute Inc. 2014;
Affleck va Dieguez- Aranda, 2016). Thiét 1ap dong thoi hé théng mo hinh
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sinh khéi thanh phian va chung theo SUR c6 dang tong quat nhu sau
(Sanquetta va ctv, 2015; Huy va ctv, 2019):

Than cay: Bst = a; x Xy +g; (2.19)
Canh cay: Bbr = ay x Xy +¢, (2.20)
L& cAy: Ble = az % X3 +¢, (2.21)
V6 cdy: Bba = ag x X4*4 +g, (2.22)

Sinh khéi cay rang trén mdr dat:

AGB = f(Bst + Bbr + Ble + Bba) = a x X3;?4 + a, x X,*¥ + a3 x (2.23)
Xai?¥ + as % Xqj¥l +és

Trong do Bst, Bbr, Ble, Bba va AGB la sinh khdi cta than, canh, 14, vo cay
va tong sinh khoi trén mat dat; a;va b; 1a cac tham sé cia mo hinh power thir i
(i=1, 2, 3, 4 tuong tng vai than, canh, 1a va vo cay); X la cac bién doc lap
(D, H, D?H hodc D*HWD) cho phuong trinh thtr i va thanh phan sinh khoi du
doan thtr j; va €jla sai sb cla phuong trinh tha 1 (i =1, 2, 3, 4, 5). Ham trong
s6 1a 1/Xij? (Picard va ctv, 2012) véi 0 1a hé sé ham phuong sai duoc wéc
tinh.

Tham dinh chéo (Cross validation) duoc ap dung dé so sanh sai sd cua
hai phuong phap 1ap mé hinh sinh khéi dong thoi theo SUR va phuong phap
thiét 1ap doc 1ap.

Ngoai ra con st dung d6 thi Bland- Altman dé so sanh c6 hay khong su
khac biét trong udc tinh sinh khdi ciia hai hé thong mé hinh theo SUR va doc

lap véi do tin cay 95%.
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2.3.6 Phuwong phdp thiét lgp mé hinh wéc tinh sinh khoi ciy rieng khép
dwdi anh hwéng ciia cdc nhén to sinh thdi moi trwong rirng va 1am
phan.

2.3.6.1 Phuwong phdp xét dnh hwéng ngau nhién cia timg nhén t6 sinh thdi,

méi trwong, lam phan dén mé hinh sinh khoi

Str dung phuong phap “Hop 1y cuc dai” (Maximum Likelihood) c¢6 trong
s6 va c6 xét dén anh huong ngiu nhién cua cac nhén td sinh thai moi trudng,
lam phan 1én moé hinh phi tuyén (Weighted Nonlinear Mixed Models with
Random Effects fit by Maximum Likelihood).

Cac nhan t sinh thai moi trudng va lam phan c6 su bién dong & cac 6
mau khac nhau dugc nghién ctru anh hudng ngau nhién (random effect) nhu
viing sinh thai (gdm 2 vung: Tay Nguyén (CH) va Pong Nam bo (SE)), do
cao so voi mit bién (gom 3 cép: Altitudel: <200 m. Altitude2: 201 - 350 m;
Altitude3: > 350 m), lwong mua trung binh nam (P, mm/ndm; gdm 2 cap: P1
= 1.003 ; P2 = 1.600), tong tiét dién ngang 1am phan (BA, m?%ha; gom 3 cép:
BAL: < 10; BA2: 11 — 20; BA3: > 20), mat do cay riung (N, cay/ha; gom 3
cép: N1: < 300; N2: 301 — 700; N3: > 700) duoc xem xét sy tac dong cua
chung 1én cac tham sd ctia md hinh sinh khoi.

Ap dung kiéu dang md hinh power tong quat nhu sau (Huy va ctv,
20164, b, c; Kralicek va ctv, 2017):

Vij = (a +a;) x X;; P 0 + ¢ (2.24)

8;_}"‘“-' iid N(O,GZ) (225)
Trong d6 Y; la Bst, Bba, Bbr, Bl, AGB (kg) tmg véi cdy thir j trong cap
nhan t6 i ciia cac yéu tb sinh thai moi trudng anh huong ngdu nhién; a va B 1a

tham s ciia md hinh; a; va b; 1a thay ddi cta tham sb theo cép i; X; la cac
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bién s6 D (cm), H (m), WD (g/cm?®), hoic to hop bién dai dién cho thé tich
cay: D?H hoic td hop bién dai dién cho sinh khéi: D2HWD tmng véi cdy tht j
trong cAp nhan t6 i; va & ; la sai s6 ngau nhién ung véi cdy thir j va cip nhan

r
A e

to 1.

Mot ham phuong sai theo trong s6 di dugc ap dung dé diéu chinh cac
tham s6 cia mé hinh nhdm giam bién dong sai sé nay. Haim phuong sai co
dang nhu sau (Huy va ctv, 2016a,b,c; 2019):

Var(ej) = o2(vij)* (2.26)

Trong do & la sai s6 ngau nhién; ¢ 2 1a sai s0 binh phuong; v;; 1a bién

trong s6 (D, D?H hoic D?HWD) tuong tng voéi ciy thtr j va cap nhan té anh
huong i; va 6 1 hé s6 ciia ham phuong sai.

Str dung phan mém m3 ngudn md R theo chwong trinh nlme dé thiét lap
mo hinh phi tuyén c6 trong s6 ¢ xét anh huong ngau nhién theo phuong phap
Maximum Likelihood (Bates, 2010; Pinheiro va ctv, 2014; Huy va ctv, 2016a)
va chan doan do tin cay, sai s6 ctia md hinh gua cac dd thi duge thuc hién
theo chuong trinh ggplot2 chay trong R (Wickham va ctv, 2013).
2.3.6.2 Phuong phdp xét anh hwéng tong hop cia cdc nhan té sinh thai, moi

triwong, lam phan 1én mé hinh sinh khoi

M0 hinh sinh khoi thuong khong chi chiu anh huong riéng 18 cua ting
bién mai truong, 1am phan; trong khi do6, cac yéu td sinh thai moi truong va
lam phan tuong tac voi nhau va co tac dung tong hop lén tich lily sinh khbi,
carbon cay rung. Do d6, nghién ctru nay ngoai danh gia anh huong riéng 1€
cac nhan t6 sinh thai moi trudng nhu néi trén, con kiém tra hiéu tmg két hop

ctia cac yéu tb sinh thai moi trudng 1én mé hinh sinh khéi.
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Trong truong hop nay, dang mé hinh sinh khdi bao gdm hai thanh phén,
d6 1a mé hinh sinh khéi trung binh va mé hinh diéu chinh theo sy thay déi cua
t6 hop cac bién s sinh thai, lam phan (Lessard va ctv, 2001) nhu sau:

BIOMASS MODEL = AVERAGE x MODIFIER (2.27)
Trong do6:
- BIOMASS MODEL: M hinh sinh khéi
- AVERGE = Y; = a x X;* + &;, md hinh sinh khdi trung binh dugc lya

chon qua tham dinh chéo K-Fold

- MODIFIER = exp(nhan t6 sinh thdi, méi triwong, 1am phan i — gia tri
trung binh cua tirng nhan té i), moé hinh diéu chinh gia tri du doan sinh khéi
khi cac nhan té sinh thai, méi truong va 1am phan thay ddi so véi trung binh
cua no.

Mo hinh diéu chinh (MODIFIER) 12 mét phuong trinh ham mii exp bao
gém CAc nhan t6 sinh thai, moéi trudng va 1am phan khi hau nhu cac hiép
phuong sai bo sung. Ham diéu chinh s& stra d6i gia tri sinh khoi dya trén cac
tac dong két hop cua cac yéu t6 nay. Trong nghién ctru ndy, bén nhén t6 bao
gém do cao so v6i mit bién (Altitude, m), lwong mua trung binh nam (P,
mm/nam), tong tiét dién ngang 1am phan (BA, m%/ha) va mat do cay rimg (N,
cay/ha) dugc trinh bay trong Bang 2.1. Gi tri trung binh cta cac nhan tb
duogc két hop vao md hinh MODIFIER lay tir Bang 2.1, do dé gia tri nhan t6
thue té quan sat duoc cang cao so véi gia tri trung binh, thi anh huong dén du
doan sinh khéi cang 16n.

Dang mo6 hinh chung la:

Y; =a x X;” x exp(byx (Altitude - 246 ) + b,x (P - 1.502) (2.28)

+ b3x (BA - 12,62) + bsx (N - 534)) + ¢
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Trong d6 Y; 1a vecto gia tri sinh khéi cdy ring thu j, X; 1a cac bién sé D

(cm), H (m), WD (g/cm®) tng vdi cay tha j, o va B 1a vecto tham sb cb dinh

ctia mo hinh sinh khéi trung binh da lua chon, b1 4 1a cdc vecto cua cac tham

s6 ctia phuong trinh MODIFIER, gia tri i trong ham MODIIFER 1a gia tri

trung binh cua cac nhan td i (duoc trinh bay trong Bang 2.1) va ¢ 12 sai sd
ngau nhién cua md hinh.

Dé thiét 1ap mé hinh ndy, udc luong mo hinh phi tuyén tinh c6 trong sb
theo phuong phap Maximum Likelihood dugc ap dung, chay trong theo
chuong trinh nlme trong phan mém R (Lessard va ctv, 2001; Pinheiro va ctv,
2014) (R Core Team, 2019).

2.3.7 Phwong phdp so sanh d¢ tin cdy mé hinh chung cho vang nhiét doi
v6i mé hinh cho tirng viing sinh thdi theo hé thong phan loai thuc vit
wu thé rirng khop

Str dung phuong phap thdm dinh chéo dé so sanh sai sd, do tin cdy cia
cac md hinh dugc 1ap theo ving nhiét dai (pantropics) va theo vung sinh thai.
Ngoai ra, chi s6 phtl hop ctia mé hinh (Index of Fit, IF) (Parresol, 1999;

Subedi va ctv, 2010) ciing duoc sir dung dé tham dinh su phu hop gitta cac

mo hinh dugc Iua chon trong nghién clru ndy va so sdnh vdi1 cac mé hinh

chung cho vung nhiét d4i (pantropics), trong d6 gia tri IF cang 16n (~1) thi mo
hinh cang tét.

IO - (2.29)

IF=1 4
N —9)?

Trong d6, y; Va ¥; 1a gia tri quan sat va du doan qua md hinh, N s6 miu

dung danh gia.
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CHUONG 3. KET QUA NGHIEN CUU VA THAO LUAN
3.1 Lua chon phwong phap thiét 1ap va thAm dinh chéo mé hinh sinh

khoi
3.1.1 Lwa chon phwong phdp thiét lip mé hinh sinh khéi dang power theo

logarit tuyén tinh hay phi tuyén

Cho dén nay nhiéu tac gia van str dung phuong phap udc luong mé hinh
sinh khdi dang ham mii (Power) bang cach tuyén hoa thong qua logarit va ap
dung phuong phép binh phuong tdi thiéu khong co trong s6. Do vy can ¢ so
sanh véi mo hinh phi tuyén cé trong s6 theo phwong phap hop 1y cuc dai
(Maximum Likelihood) dé so sanh va lya chon phuong phap t6t nhét.

Pé so sanh cac md hinh khac nhau vé bién y (y va log(y)) duoc udc
luong theo phuong phap khac nhau nhu 1a tuyén tinh hogc phi tuyén tinh, luc
nay can st dung chi sé Furnival’s Index (FI) (Jayaraman, 1999)), vi ldc nay
cac chi tidu thong ké nhu R?, AIC, cac loai sai sb s& khong thé dung dé so
sanh do khac nhau vé gia tri tuyét ddi cua bién phu thugc. M6 hinh nao ¢6 chi
s6 Furnival Index (FI) thap hon 1a t6t hon.

D3 thiét 1ap mo hinh udc tinh AGB theo ba nhom bién s6 phd bién cia
mo hinh sinh khdi cay rung 1a D, D?H va D*HWD (Huy va ctv, 2016a,b)
chung cho cic loai theo hai phuwong phap dé so sanh. Két qua ¢ Bang 3.1 da
chi ra 1ap mé hinh theo phuong phap phi tuyén Maximum Likelihood c6 trong
s6 ¢6 chi s6 FI bé hon rat nhiéu va nhu vay 1a t6t hon nhiéu so véi phuong
phap tuyén tinh hoa logarit binh phuong tdi thiéu, két qua nay phu hop voi
Huy va ctv (2016b). Vi vay trong luan an nay ap dung phuong phap phi tuyén
c¢6 trong sd theo phuong phap Maximum Likelihood (Weighted Nonlinear
Fixed/Mixed Models fit by Maximum Likelihood) dé lap hé thdng cac mo
hinh sinh khdi dang ham power V&1 mot dén nhiéu bién sd dau, hodc/va td

hop bién.
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Tir két qua so sanh nay ciing cho thdy R? khong thé sir dung dé chon mé
hinh ¢ d9 tin cdy t6t nhu thudng duoc ap dung, vi R? ciia cac mo hinh theo
dang logarrit binh phuong t6i thiéu thuong c¢6 R? cao hon mé hinh theo
Maximum Likelihood nhung FI lai 16n hon rat nhiéu. Vi vay khang dinh R?
cling nhu AIC hoic céc sai s6 déu khong thé dung dé so sanh trong trudng
hgp mé hinh c6 bién y khac nhau va mé hinh duge udc lugng theo hai
phuong phap khac nhau 13 tuyén tinh va phi tuyén.

Bang 3.1. Chi s6 Furnival (FI) ding so sanh hai phuong phap 1ap mo hinh
sinh khdi AGB theo logarrit tuyén tinh va phi tuyén tinh Maximum Likelihood

cO trong so

Mo hinh sinh khéi Theo phuong Theo phuong phap phi tuyén c6
phap tuyén tinh trong sé Maximum Likelihood
hoa logarit binh

phuong tbi thiéu

Adj.R?  FI Bién trong s6  Adj. R? FI

AGB =a x DP 0,950 23,6 1/D° 0,914 0,026

AGB = a x (D?H)P 0,915 30,9 1/D?H? 0,936 0,048

AGB = a x (D’HWD)"® 0,928 28,4 1/D?HWD? 0,918 0,032

Ghi chi: FI: Chi s6 Furnival’s Index. 0 la hé sé ciia ham phirong sai.
3.1.2 Lwa chon phwong phdp thim dinh chéo (Cross-Validation) cac mo
hinh sinh khoi cdy rieng
Cung cap sai s6 ciia mo hinh wdc tinh sinh khi, carbon rimg mot cach
khach quan 13 yéu ciu quan trong ctia IPCC (2003, 2006) trong bao céo phat
thai, hap thu CO; cta ring trong thuc thi cac chuong trinh REDD*. Vi vy

trong nghién ctru nay thir nghiém dé Iya chon cac phuong phap tham dinh va
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cung cip sai s6 ctia mo hinh sinh khéi bao dam yéu cau, bao gom phuong
phap st dung dir liéu doc lap va ba phuong phap tham dinh chéo 1a Leave-
one-out, K-fold va Monte Carlo.
Thuc hién so sanh cac phuong phap thim dinh sai s trén méd hinh AGB
c6 theo t6 hop ba bién s6 D?HWD thuong duge st dung 12 AGB = a x
(D?HWD)® (Kralicek va ctv, 2017; Huy va ctv, 2016b).
i) Tham dinh sai sé theo phuwong phdp sir dung dir liéu doc lap
Phan chia dit liéu 1am hai phan mot cach ngiu nhién, trong d6 st dung
80% cho 1ap mo hinh va 20% dit liéu cho danh gia sai s6 ctia cac mo hinh.
M6 hinh duoc thiét lap 1a:
AGB = 0,86140 x (D*HWD)?%177 (3.1)
Pem mé hinh vira thiét 1ap ap dung véi 20% dix liéu doc lap dé tinh cac
sai s6 ctia mo hinh trinh bay trong Bang 3.2.
i) Tham dinh chéo sai sé theo phwong phdp Leave-One-Out Cross
Validation (LOOCV)
Véi 329 dir liéu tién hanh 329 1an 14p mé hinh va danh gia sai s6, mdi
lan sir dung 328 dix liéu 1ap mo hinh va mot dir liéu danh gia sai sb. Sai 6
cudi cung dugc tinh trung binh tir 329 lan lap lai. Cong viéc nay duoc tién
hanh trong R véi Code dugc trinh bay trong Phu luc 1 va két qua trong Bang
3.2.
iii)  Tham dinh chéo sai s6 theo phwong phap K-Fold
Dit liéu duoc phan chia ngdu nhién thanh K phan bang nhau (K = 10),
mdi 1an st dung K-1 dir lidu (9/10 dir liéu) dé 1ap md hinh va K dir liéu (1/10
dir licu) dé danh gia sai s6 mo hinh, 1ap lai nhu vay 10 lan, sai s6 cubi cung
dugc tinh trung binh tir K = 10 1an 1ap lai. Cong viéc nay dugc tién hanh trong
R véi Code duoc trinh bay trong Phu luc 2 va két qua trong Bang 3.2.
iV)  Thdm dinh chéo sai sé theo phirong phdp Monte Carlo
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Phan chia ngiu nhién thanh 80% dit liéu dé 1ap mo hinh va 20% dé danh
gia sai $0, 1ap lai nhu vay R = 200 lan va sai sb trung binh duoc tinh tir 200
lan 1ap lai. Cong viéc nay duoc tién hanh trong R véi Code duoc trinh bay
trong Phu luc 3 va két qua trong Bang 3.2.

Tién hanh tong hop két qua thdm dinh chéo sai sé6 mé hinh AGB = a x
(D?HWD)P theo bon phuong phéap khac nhau ¢ Bang 3.2.

Bang 3.2. Tong hop két qua tham dinh chéo sai s6 md hinh AGB = a x
(D?HWD)P theo cac phuong phép khac nhau

Céc loai sai s6 Phuong phap tham dinh chéo mé hinh

Dir liéu doc lap LOOCV K-Fold Monte Carlo
Bias (%) -28,49 -19,11 -19,06 -19,49
RMSE (%) 73,57 36,99 54,62 54,68
MAPE (%) 47,47 36,99 36,95 36,88

Pé so sanh va lua chon phuong phap thim dinh sai s6, 1ay két qua cua
phuong phap Monte Carlo lam chuan, vi phuong phap nay cé lan lap lai 16n
(R =200 1an) dé cho cac sai s6 c6 phan bd chuan va 6n dinh. Cac nghién ctru
cho thay voi R > 200 lan thi sai s6 khong con thay d6i (Temesgen va Ctv,
2014, Huy va ctv, 2016 a,b,c; Bao Huy, 2017a,b).

Két qua & Bang 3.2 cho thdy phuong phap st dung dit liéu doc 1ap c6 sai
s6 sai léch 16n nhat so voi phuong phéap Monte Carlo, do d6 kém tin cay.
Trong thuc té, véi phuong phap nay thi sai s6 chi ding véi dit lidu doc lap,
néu st dung dir liéu 1ap mo hinh hodc dit liéu khac thi s& cho sai s6 khac di.
C6 nghia 1a nd cung cap sai s6 khong thong nhat. Phuong phap nay chi nén

dung dé tham dinh sai s6 khi 4p dung mé hinh vao mdt ving khéc.
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Phuong phap LOOCYV tiép cin hon véi sai s6 chuan, véi Bias va MAPE
gan voi phuong phap Monte Carlo, tuy nhién sai s6 quan trong 13 RMSE ¢6
sai 1&ch kha 16m. Do vay cling cung cép sai s6 chua thue sy 6n dinh vi thuc té
mdi 1an chi ding mot dir liéu dé tinh sai sb.

Phuong phap thim dinh chéo K-Fold véi K = 10 cung cép ba loai sai s6
tiép can hoan toan vdi cac sai sd ctia phuwong phap Monte Carlo (Bang 3.2).
Phuong phap K-Fold chi can lip lai thAm dinh chéo sai s6 10 1an nén viéc xtr
ly s6 liu nhanh chong, va s6 lan 1ap lai dugc thuc hién dﬁy du. Trong khi dé
phuong phap Monte Carlo voi sd 1an 1ap 16n, nén ngay khi chay trén phan
mém R thi thoi gian cho doi ciing rat 1au va doi khi vong lip bi ding lai, may
tinh khdng thé thuc hién da 200 1an do c6 thé c6 mot 1an nao d6 dir liéu ngiu
nhién cua sinh khéi ding dénh gia sai s tré thanh hang sb (Kralicek va ctv,
2017).

Véi két qua so sanh nhu vay, nghién ctru nay chon phuwong phap tham
dinh chéo K-Fold dé danh gié sai s6 cia hé thong mé hinh sinh khéi cdy ring
khop. Voi phuong phap ndy c6 wu diém 13 tt ca dir liéu déu duoc tham gia
1ap mo hinh va tit ca déu tham gia tinh sai sb, khic phuc dugc nhuoc diém
ctia phuong phap st dung dir liéu doc 1ap 1a chi mot bo phan dit liéu hoic cua
mot khu vuc dugce danh gia sai s6. Vi vay sai s6 1a ding cho moi dir li¢u &
moi khu vuc nghién ctru, thu thap dir liéu. Pdng thoi trong ba phuwong phap
tham dinh chéo thi phuong phap K-Fold véi 1an lap K=10 d4 cho sai sd on
dinh, thuén tién cho xtr Iy s liéu trong R.

3.2 Hg¢ thong mo hinh sinh khoi cAy rirng theo hé thong phan loai thue
vat &p dung phwong phap thiét lap mé hinh déc 1ap

Udc luong mo hinh phi tuyén cé trong sé theo phwong phap Maximum
Likelihood dugc sir dung dé phat trién va Iya chon cic mé hinh udc tinh AGB

v6i ba bién sd dau vao 1a D, H va WD lap chung cho cac loai, theo ho uu thé
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la Dipterocarpaceae, theo hai chi uu thé la Dipterocarpus va Shorea, va theo
bdn loai wu thé chinh 1a Dipterocarpus tuberculatus Roxb, Dipterocarpus
obtusifolius Teijsm. Ex Mig., Shorea obtusa Wall., Shorea siamensis Mig. va
str dung tham dinh chéo K-fold véi K = 10 dé Iwa chon cac mo hinh t6t nhat
(Bang 3.3). Ba bién sb bao gdbm D, H va WD di dugc str dung dé lya chon
thong qua danh gia sai s6 cia mo hinh udc tinh AGB, ngoai trir truong hop
md hinh theo loai khong sir dung bién dau vao WD, vi bién nay c6 cing gia tri
khi cung loai.

Bang 3.3. Tham dinh chéo K-fold dé Iya chon mé hinh udc tinh sinh khéi trén

mit dat (AGB) theo hé thong phan loai thuc vat rimg khop

Dang mé hinh Trongsé AIC Adj.R?> Bias RMSE MAPE
(%) (%) (%)

M®& hinh chung loai

AGB =a x D 1/D? 2675 0914 -125 504 292

AGB = a x D x He 1/D* 2678 0927 -124 468 28,9

AGB = a x (D?H)P 1/(DH)Y’ 2.957 0935 -240 635 433

AGB = a x D? x WD° 1/D? 2662 0890 -114 469 276

AGB=axDPx H x WD!  1/D? 2664 0910 -11,1 446 271

AGB = a x (D?HxWD)" 1/(DHx 2.938 0922 -192 548 37,2
WD)’

M5 hinh ho thuc vat wu thé
Dipterocarpaceae

AGB = a x D" 1/D° 1.902 0,915 -11,6 48,4 28,5
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Dang mo hinh Trongsd AIC Adj.R?> Bias RMSE MAPE
(%) (%) (%)

AGB = a x DP x He 1/D° 1.906 0930 -11,3 463 28,0

AGB = a x (D?H)P 1/(D?H)’ 2.089 0945 -243 664 439

AGB = a x D x WD® 1/D° 1.891 0,884 -104 433 27,0

AGB=axDbx H°xWD?  1/D° 1.893 0910 -99 417 264

AGB = a x (D2HxWD)" 1/(D*Hx 2070 0945 -185 537 37,4
WD)’

M5 hinh chi thuc vat uu thé

Dipterocarpus

AGB =ax DP 1/D° 1.262 0,936 -122 46,3 29,2
AGB =a x D x H® 1/D° 1.268 0,944  -122 46,6 29,3
AGB = a x (D?H)° 1/(D?H)’ 1.404 0952 -267 69,0 46,5
AGB = a x D? x WD® 1/D° 1.265 0,923  -11,7 452 28,6
AGB=axDPx H°xWDY 1/D° 1.271 0,937 -11,3 456 28,2
AGB = a x (D’HxWD)"® 1/(D*Hx  1.392 0,952  -21,8 56,9 40,4
WD)’

Shorea

AGB =axDP 1/D° 639 0816 -88 33,2 24,6
AGB =a x DP x H° 1/D° 643 0,840 -87 34,4 24,5

AGB = a x (D’H)P 1/(D?H)° 691 0,869  -149 453 33,8
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Dang mo hinh Trongsd AIC Adj.R?> Bias RMSE MAPE
(%) (%) (%)

AGB = a x D" x WD° 1/D° 634 0824 -79 31,4 23,6

AGB =ax D’ x H® x WD¢ 1/D° 641 0,841 -74 31,5 23,7

AGB = a x (D’HxWD)" 1/(D’Hx 686 0863 -11,8 388 31,1
WD)°

M5 hinh loai uu thé

Dipterocarpus tuberculatus Roxb.:

AGB = a x Db 1/D? 554 0916 -134 47,2 315
AGB =a x D x H°* 1/D? 561 0916  -13,2 467 314
AGB = a x (D2H)" 1/(D?H)’ 630 0,880 -243 603 44,1

Dipterocarpus obtusifolius Teijsm. Ex Miq.:

AGB = a x DP 1/D? 480 0,854  -10,5 36,8 25,8
AGB =a x D x H® 1/D° 480 0,854 -10,5 36,8 25,9
AGB = a x (D?H)" 1/(D?H)’ 528 0,827 -200 56,3 39,9
Shorea obtusa Wall.:

AGB =ax DP 1/D° 323 0,931 -4.4 22,3 18,0
AGB =a x D x H® 1/D° 326 0,924 -3,8 21,3 17,3
AGB = a x (D?H)" 1/(D?H)’ 366 0,681 -10,8 334 26,5

Shorea siamensis Miq.:
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Dang mo hinh Trongsd AIC Adj.R?> Bias RMSE MAPE
(%) (%) (%)

AGB =ax Db 1/D? 314 0862 -133 415 338
AGB = a x D x H™* 1/D? 322 0850 -126 41,6 339
AGB = a x (D?H)" 1/(DH)Y 329 0895 -21,3 558 436

Ghi cha: Trong tham dinh chéo K-Fold, di liéu dwoc chia ngdu nhién thanh K phan bang nhau (K = 10 lan),
trong d6 K — 1 dir liéu (9/10 dit liéu) dwoc sir dung d@é Idp mo hinh, tinh toan AIC, R2Adj; va mét phan di
liéu K (1/10 di¥ liéu) khong tham gia ldp mé hinh ding dé danh gid sai sé Bias, RMSE, MAPE; cudi ciing, tt
cd nhitng chi tiéu thong ké, sai s6 dwoc tinh trung binh trén 10 lan. *: Tham s6 ¢6 gid tri v6i Pyaie > 0,05. 0:
hé s6 ham phirong sai. Té hop bién D*H (m3) = (D (cm) / 100) 2x H (m); D?H xWD (kg) = D?H (m®) x WD
(g / cm®) x 1000. Déi véi cic mé hinh cho lodi, bién WD khong si dung. In ddm: M6 hinh dwoc chon dua
trén tham dinh chéo K-Fold.

Két qua tham dinh chéo K-Fold ¢ Bang 3.3 cho thdy mé hinh AGB tt
nhat cho chung cac loai va ho uu thé Dipterocarpaceae bao gdm cé ba bién sd
D, H va WD. Trong khi d6 ca&c md hinh AGB udc tinh cho timg chi uu thé va
bdn loai chiém wu thé rat twong dong vé c4c gia tri théng ké nhu AIC, R? va
C4c sai s6 qua tham dinh chéo, va cdc mo hinh t6t nhat chi can c6 bién dau
vao 1a D. Nhu vay tiép can mo hinh dén chi thuc vat hodc loai s& don gian
duoc bién sd dau vao va tang d§ tin cdy so v&i su dung mo hinh chung loai
hoac theo ho thuc vat.

Hinh 3.1 va Hinh 3.2 minh hoa két qua tham dinh chéo cac mod hinh AGB
duogc lua chon theo hé théng phan loai thuc vat uu thé cua rung khop gém
chung loai, theo ho, chi va loai uu thé. Tir cac hinh nay cho thay khi md hinh
di tir chung loai, dén ho wu thé, dén chi uu thé va cudi cing 1a cac loai wu thé
thi mo hinh ting do tin cy, giam sai s6 biéu hién qua bién dong giira gia tri
AGB quan sat va du doan bam sat hon, qua giam bién dong sai sd c6 trong sb

theo AGB dy doan qua mo hinh.
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Shorea siamensis Miq.: AGB = axDP
Hinh 3.2. D6 thi danh gia bién dong va sai s0 ctia mo6 hinh AGB dugc lya
chon cho bon loai uu thé

Ghi chit: Két qua tham dinh chéo K-fold véi K = 10 .Hinh trdi: Gid tri quan st (Observed AGB) diroc
phdn chia ngdu nhién tir 9/10 bé dir liéu so véi gid tri ndn chinh qua mé hinh (Fitted AGB). Hinh giita: Sai
$6 ¢6 trong so (Weighted Residuals) theo gid tri ndm chinh AGB (Fitted AGB); va hinh bén phdi: Dir liéu
tham dinh chéo (Validation AGB) dwoc chia ngd~u nhién tir 1/10 dit liéu so voi AGB du dodan (Predicted
AGB).

Trong h¢ théng mé hinh sinh khdi theo hé théng phan loai thuc vat, do
cac moé hinh AGB doc 1ap di duoc tham dinh chéo va lya chon & két qua trén
theo timg loai va chi wu thé chi c6 mot bién D (Bang 3.3), nén cac mé hinh
thanh phan ctia n6 nhu Bst, Bbr, Ble va Bba ciing chi ¢c6 mot bién dau vao 1a
D. Trong khi d6, cac m6 hinh AGB duoc lya chon chung cac loai va cho ho

uu thé Dipterocarpaceae bao gom ca ba bién dau vao 1a D, H va WD (Bang
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3.3), do d6, viéc can thiét 1ap va tham dinh chéo d¢ lya chon dang mé hinh
theo cac bién sb thich hop cho timg thanh phan sinh khéi Bst, Bbr, Ble va
Bba.

Két qua tham dinh chéo K-Fold dé lya chon md hinh va bién sb cho céc
thanh phan sinh khéi chung cac loai va ho uu thé Dipterocarpaceae trinh bay
trong cac Bang 3.4 va Bang 3.5

Két qua cho thiy véi truong hop chung loai va theo ho wu thé
Dipterocarpaceae, md hinh Bst dugc chon bao gom ba bién ciia D, H va WD,
trong khi d6 cac mé hinh duogc lya chon cho Bbr, Ble va Bba chi bao gdm D
(Bang 3.4 va Bang 3.5).

Bang 3.4. Tham dinh chéo K-fold dé Iya chon mé hinh cho cac thanh phan
sinh khdi bao gém Bst, Bbr, Ble va Bba (sinh khéi ciia than, canh, 14 va vo

cay tuong rng) trong trudong hgp mo hinh 1ap chung cac loai cdy rumg khop.

Dang mo6 hinh Trong sb AIC Adj. Bias RMSE MAPE
R? (%) (%) (%)

Bst=a x DP 1/D° 2355 0916 -158 564 342
Bst=a x D x H° 1/D° 2311 0945 -138 51,0 30,8
Bst = a x (D?H)° 1/(D?H)’ 2499 0938 -209 608 386
Bst = a x D”x WD® 1/D° 2347 0901 -146 535 328
Bst = a x DY x H® x 1/D° 2282 0945 -11,3 438 281
WD

Bst=ax (D?HxWD)*  1/(D’HxWD)® 2471 0,941 -163 486 32,4

Bbr =a x DP 1/D? 2222 0822 -51.2 1339 75,6

Bbr =a x DY x H® 1/D° 2213 0,781  -50,3 1426 749



70

Dang m6 hinh Trong sb AIC Adj. Bias RMSE MAPE
R? (%) (%) (%)
Bbr = a x (D?H)" 1/(D?H)’ 2512 0792 932 2066 1174
Bbr = a x D x WD® 1/D° 2224 0814 502 1420 739
Bbr = a xD’xH°x WD 1/D° 2219 0,771 50,2  137,7 752
Bbr = ax (D’HxWD)* 1/(D*HxWD)’ 2.498 0,794 -834 1909 106,44
Ble = a x DP 1/D? 1127 0690 -310 862 544
Ble =a x D° x H¢ 1/D° 1.132 0,702 -30,6 86,1 54,0
Ble = a x (D?H)° 1/(D?H)° 1.184 0,708 -349 922 57,9
Ble = a x D® x WD® 1/D° 1129 0,682 -308 883 541
Ble = a xDPx H® x WD 1/D’ 1.134 0699 -302 838  53.1
Ble =ax (D*HxWD)* 1/(D*HxWD)’ 1.167 0,711 -332 921 558
Bba=ax DP 1/D? 1.991 0,724 -40,7 1286 64,2
Bba = a x D° x H®" 1/D° 1.999 0,720 -40,8 1296 64,6
Bba = a x (D?H)" 1/(D?H)° 2104 0,790 -516 1371 76,0
Bba = a x D x WD°® 1/D° 1.994 0,676 -399 1268 63,9
Bba = axDPxH®"x WDY 1/D’ 2.004 0674 -41,0 1288 654
Bba =ax (D’HxWD)* 1/(D*HxWD)’ 2.083 0,735 -484 1416 726

Ghi chii: Tham dinh chéo K-Fold, trong dé dir liéu dwoc chia ngdu nhién thanh K phan bang nhau (K = 10
lan), trong khi d6 K - 1 dir liéu (9/10 di¥ liéu) dwoc sic dung dé ldp mé hinh, tinh todn AIC, R2.Adj; va mét
phan K dir liéu (1/10 di¥ liéu) khéng tham gia lgp md hinh dUng d@é danh gid sai s6 Bias, RMSE, MAPE; cuéi
ciing, tdt ca nhitng chi tiéu thong ké, sai sé dwoc tinh trung binh trén 10 dwoc Idp lai. *: Tham sé c6 gid tri
Pyaie > 0,05. 5: hé s6 ham phwong sai. Bién so: D*H (m3) = (D (cm) / 100) 2 x H (m); D2H x WD (kg) =
D?H (m?) x WD (g / cm?®) x 1000. In ddm: M6 hinh dwoc chon dia trén co sé tham dinh chéo K-fold .
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Bang 3.5. Tham dinh chéo K-fold dé Iya chon mé hinh cho céc thanh phﬁn
sinh khéi cay rimg bao gom Bst, Bbr, Ble va Bba (sinh khdi cuia than, canh, 1a

va vo cdy tuong Gmg) cho ho uu thé Dipterocarpaceae.

Dang mo hinh Trong s AIC  Adj.R? Bias(%) RMSE MAPE

(%) (%)

Bst=a x D 1/D° 1.663 0,919 -14,3 52,8 33,1

Bst=axDYx H® 1/D° 1.638 0,947 -13,1 46,4 30,4

Bst = a x (D?H)P 1/(D?H)° 1.769 0,935 -21,3 64,4 40,1

Bst = a x D° x 1/D° 1.657 0,901 -13,3 48,6 31,7

WD°¢

Bst=axDPx H¢ x 1/D° 1.615 0,952 -10,2 41,3 27,0

wD¢

Bst = a x 1/(D*HxWD)’ 1.742 0,956 -16,3 49,1 33,4

(D?HxWD)P

Bbr = a x DP 1/D° 1.618 0,825 -50,1 1258 74,1

Bbr=axDP x H® 1/D° 1.615 0,780 -48.2 135,2 72,9

Bbr=ax (D’H)*  1/(D*H)° 1.802 0,805 93,1 202,4 118,2

Bbr = a x DP x 1/D° 1.612 0,817 -47,9 132,0 71,4

WD

Bbr =a x DP x H® 1/D° 1.623 0,764 -48,0 138,0 72,4

x WDY*
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Dang m6 hinh Trong sb AIC  Adj.R? Bias(%) RMSE MAPE
(%) (%)

Bbr = a x 1/(D’HxwD)’ 1.792 0,820 -81,5 180,4 105,5
(D’HxWD)P
Ble =a x D 1/D? 808 0,691  -25,0 66,8 48,2
Ble=axD’xH¢ 1/D° 811 0,707  -245 67,8 475
Ble=ax (D?H)*  1/(D*H)’ 842 0,715  -27,3 72,6 50,3
Ble = a x D x 1/D° 811 0,683  -244 68,6 47,2
WD°®
Ble = a x D x H® 1/D’ 812 0,716  -23,6 67,5 46,2
x WD¢
Ble = a x 1/(D*HxWD)’ 829 0,733  -249 68,9 46,8
(D?HxWD)P
Bba =a x DP 1/D? 1.433 0,710 -27,1 76,4 49,7
Bba = a x D® x 1/D° 1.439 0,737  -27.3 73,1 49,5
He*
Bba=ax (D’H)*  1/(D*H)’ 1.477 0,808  -34,3 90,9 58,2
Bba = a x DY x 1/D° 1.430 0,613  -249 68,8 48,0
WD°®
Bba = a x D x 1/D° 1.438 0,643  -2572 72,8 48,4
H x wD¢
Bba = a x 1/(D’HxWD)’ 1.460 0,763  -31,1 79,4 55,3

(D?HxWD)P
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Ghi chii: Tham dinh chéo K-Fold, trong dé dir liéu dwoc chia ngdu nhién thanh K phan bang nhau (K = 10
lcfn), trong khi do K - 1 dir liéu (9/10 dir liéu) dwoc su dung dé ldp mé hinh, tinh todn AIC, R%.Adj; va mot
phan K dit liéu (1/10 dix liéu) khéong tham gia lgp mé hinh dung dé danh gid sai sé Bias, RMSE, MAPE; cuéi
ciing, tdt ca nhitng chi tiéu thong ké, sai sé dwoc tinh trung binh trén 10 dwoc Idp lai. *: Tham s6 cé gid tri
Pyaiie > 0,05. 8: hé s6 ham phwong sai. Bién s6: D*H (m?) = (D (cm) / 100)2 x H (m); D2H x WD (kg) = D?H
(m3) x WD (g / cm?) x 1.000. In ddm: M6 hinh dwgc chon dya trén co sé tham dinh chéo K-fold .

Nhu vy dang mo hinh AGB va céc thanh phan cta né 1a Bst, Bbr, Ble va
Bba duoc lya chon qua thdm dinh chéo K-Fold theo phwong phap thiét lap
ddc lap nhu sau:

Péi voi moé hinh chung cic loai rung khop va ho wu thé

Dipterocarpaceae, thi hé théng mé hinh c6 dang power voi day di ba bién s6:

Bst = a x D x H® x WD¢ (3.2)
Bbr = a x DP (3.3)

Ble =a x DP (3.4)

Bba =a x D° (3.5)

AGB = a x D x H¢ x WD¢ (3.6)

Pbi véi hai chi vu thé 1a Dipterocarpus va Shorea va bon loai uu thé 1a
Dipterocarpus tuberculatus Roxb., Dipterocarpus obtusifolius Teijsm. EXx
Migq., Shorea obtusa Wall., Shorea siamensis Miq. thi hé thong mo hinh c6

dang power véi chi mot bién D:

Bst = a x D (3.7)
Bbr =a x D (3.8)
Ble =a x DP (3.9)
Bba =a x D° (3.10)

AGB = a x D" (3.11)
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3.3 Hé thong mé hinh wéc tinh ddng thoi sinh khéi theo SUR va so sanh
v6i phwong phap thiét 1p mé hinh déc lap
3.3.1 H¢ théng mé hinh wéc tinh dong thoi cic bd phin sinh khoi cdy rieng
va toan bg theo SUR

Pé udc tinh sinh khdi cay rimg trén mat (AGB) thi ¢6 cac giai phap khac
nhau:

- Thiét lap cdc mo hinh sinh khdi bo phan cay rung mot cach doc 1ap
gom Bst, Bbr, Ble, Bba va AGB. Lc nay tong sinh khdi cdy rimg c6 thé udc
luong hai cach: i) AGB = Bst + Bbr + Ble + Bba, tirc 1 cong két qua udc tinh
sinh khdi cua 4 phuong trinh bd phén; ii) U6c tinh AGB theo mdt mo hinh
doc 1ap riéng. Nhu vdy c6 hai cach udc tinh AGB tir cac md hinh sinh khéi
doc lap, va hai két qua s& khéng tring khép nhau, c6 sai s6. Ngoai ra céch
lam nay khong xét dén anh hudng qua lai giira cac bo phan sinh khéi véi nhau
va dén AGB do d¢6 dan dén sai léch.

- Vi vay Parresol (2001) d phét trién mot phuong phap dé khic phuc
cho nhugc diém 1ap va udce tinh sinh khéi tir cac mo hinh thanh phan doc 1ap,
d6 1a thiét 1ap hé thdng dong thoi cac mé hinh sinh khéi bo phan Bst, Bbr,
Ble, Bba va AGB (Seemingly Unrelated Regression — SUR), trong d6 mdi
quan hé qua lai gitta cac thanh phan sinh khdi cdy rimg duoc xem xét nham
cai thién d¢ tin cdy cua udc lugng téng sinh khdi cay trén mat dat AGB
(Parresol, 2001; Picard va ctv, 2012; Poudel va Temesgen, 2016; Kralicek va
ctv, 2017; Huy va ctv, 2019).

Nghién ctru nay ciing tién hanh thir nghiém thiét 1ap dong thoi hé thong
mo hinh sinh khéi cay rimg khop theo SUR cho hé thdng phén loai thuc vt
ru thé rimg khop va so sanh danh gia voi phuong phap truyén thong 1a thiét

1ap cac mo hinh sinh khdi bo phan va tong chung mot cach doc lap.
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Duya trén cac mé hinh sinh khéi thanh phan va chung vé6i bién sb dau vao
thich hop dugc xac dinh, hé théng moé hinh SUR duoc thiét 1ap dé du doan
ddng thoi AGB va bdn thanh phan cua no 12 Bst, Bbr, Ble va Bba, théng qua
str dung tham dinh chéo K-Fold theo hé thdng phan loai thuc vat vu thé ring
khop. Két qua duoc trinh bay ¢ Bang 3.6. Chuong trinh codes duoc 1ap dé
thuc hién 1ap va tham dinh chéo K-Fold dong thoi hé théng mé hinh sinh khéi
theo SUR chay trong phin mém SAS trinh bay trong Phu lyc 4.

Bang 3.6. Tham dinh chéo K-Fold cho hé théng mé hinh uéc tinh dong thoi
sinh khéi cac bo phan cdy rimg (Bst, Bbr, Ble va Bba) va AGB theo phuong
phap SUR theo hé thong phan loai thuc vat wu thé rimg khop

Hé  théng Hé théng mé hinh Bias (%) RMSE MAPE

phan loai (%) (%)

thuc vat

Chung loai Bst = a3 xDPMx HP12x\WDP3 1,0 45,6 26,2
Bbr = a,xD"2! -33,0 127,3 59,9
Ble = azxDP3! -44.6 96,7 62,9
Bba = asxD"! -14,3 66,6 46,6
AGB = f(Bst + Bbr + Ble +Bba) -1,8 51,4 25,4

Ho thuc vat Dipterocarpaceae

wu thé

Bst = a;xDP1IxHP12x\\DP13 -0,5 38,0 31,0
Bbr = ayx D! -75,1 151,5 91,6
Ble = azx D3 -74.0 129,4 86,0

Bba = asxD"! 4,1 58,2 48,6
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Hé thong Hé théng mé hinh Bias (%) RMSE MAPE
phan loai (%) (%)
thue vat
AGB = f(Bst + Bbr + Ble +Bba) -5,9 36,2 27,7
Chi thuc vat Dipterocarpus
wu thé
Bst = a;xDP -20,3 45,3 29,3
Bbr = apxDb2 -2,2 31,4 26,1
Ble = azxD"! -55,0 121,1 65,1
Bba = asxD! -30,9 90,3 74,0
AGB = f(Bst + Bbr + Ble +Bba) -8,5 27,2 20,4
Shorea
Bst = a;xD"! -6,4 36,5 30,5
Bbr = a;xD"?! -12,9 44,5 36,8
Ble = azxD"! -43,8 83,2 63,8
Bba = asxDP* -11,7 39,1 31,9
AGB = f(Bst + Bbr + Ble +Bba) 3,4 23,8 20,9
Loai uu thé Dipterocarpus tuberculatus Roxb.
Bst = a;xD"! -26,6 42,4 34,6
Bbr = a;xDP?! -28,9 51,1 43,0
Ble = azxD"! 5,7 25,7 18,9
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Hé thong Hé théng mé hinh Bias (%) RMSE MAPE
phan loai (%) (%)
thue vat
Bba = asxD! -25,4 62,0 43,1
AGB =f( Bst + Bbr + Ble +Bba) -15,1 26,6 20,9
Dipterocarpus obtusifolius Teijsm.
Ex Mig.
Bst = a;xD"! -22,4 64,9 40,0
Bbr = a;xDP?! -112,8 217,1 134,6
Ble = azxD"! -17,5 39,0 32,9
Bba = asxDP* -14,4 41,6 33,5
AGB = f(Bst + Bbr + Ble +Bba) -25,8 65,6 36,1
Shorea obtusa Wall. Ex Blume.
Bst = a;xDP! -8,5 50,4 37,6
Bbr = a;xDb2 -22,1 67,4 58,9
Ble = azxD"! -92,9 177,5 94,5
Bba = asxD! -16,6 32,7 31,6
AGB = f(Bst + Bbr + Ble +Bba) 7,7 37,0 26,7
Shorea siamensis Miq.
Bst = a;xD"! -6,2 28,5 24,4
Bbr = a;xD"?! 1,9 44,5 35,9
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Hé thong Hé théng mé hinh Bias (%) RMSE MAPE
phan loai (%) (%)
thue vat
Ble = azxDb%! -47,5 78,0 63,3
Bba = asxD"! 17,9 24,1 20,3
AGB = f(Bst + Bbr + Ble +Bba) 7,0 20,9 18,5

Ghi chii: Tham dinh chéo K-Fold, trong d6 dir liéu dwoc chia ngau nhién thanh K phan bang nhau (K = 10
lan), trong khi dé K - 1 dit liéu (9/10 di¥ liéu) dwoc sic dung dé lgp md hinh; va mét phan K dir liéu (1/10 die
liéu) khéng tham gia lgp mé hinh dimg dé danh gid sai sé Bias, RMSE, MAPE; cudi cing CAC sai s6 dirgc
tinh trung binh trén 10 dwoc lap lai. Bst, Bbr, Ble, Bba va AGB lan lwot la sinh khéi ciia than, canh, 14, vé
cay va tong sinh khoi trén mat ddt

Két qua cho thay cac hé thong mé hinh udc tinh dong thoi theo SUR
chung cac loai hodc cho ho thuc vt Dipterocarpaceae can ca ba bién sé dau
vao la D, H va WD), trong khi d6 hé théng md hinh theo chi va loai wu thé chi
c6 bién s6 D dugc chon. Piéu nay cho thiy rang bién s WD can thiét cho mo
hinh chung loai, theo ho bao gdm véi nhiéu chi va loai khac nhau va khdng
can thiét cho md hinh & cap chi va loai wu thé cua rimg khop, két qua nay phu
hop vai Basuki va ctv (2009) va Huy va ctv (2016c).

Hé thong mo hinh theo SUR da xét dén anh hudng qua lai gita cc thanh
phan sinh khéi cdy rimg va mé hinh sinh khéi toan bo cdy rimg trén mat dat
AGB ltic nay 1a mot ham s6 ciia bén ham sinh khéi bo phan ciia ciy rimg:
AGB = f(Bst, Bbr, Ble, Bba) (Bang 3.6), nhu vay di khic phuc duoc nhuoc
diém cua hé théng md hinh duoc thiét lap mot cach roi rac, doc 1ap nhu
truyén thong.

Két qua cho thay sinh khéi 14 (Ble) va sinh khéi vo cdy (Bba) c6 do bién
dong cao (Hinh 3.3, Hinh 3.4, Hinh 3.5), din dén cac mo hinh c6 R%g; khong

cao tir 0,6 - 0,7 va cac sai s6 RMSE va MAPE c¢6 xu hudng 16n hon céc sai s6



79

cia md hinh sinh khéi than cdy (Bst) va sinh khéi toan bo cdy trén mit dat
(AGB) (Bang 3.6). Diéu nay phan anh sy khac biét vé tan 14 va do day cua vo
cdy gilta cac loai khic nhau trong rung khop. Vi du, loai dau ddng
Dipterocarpus tuberculatus va Cam lién Shorea siamensis c6 tan 14 16n va la
rat rong, day, trong khi loai dau tra beng Dipterocarpus obtusifolious c6 tan 14
va 14 ¢& trung binh, con loai ca chit Shorea obtusa cho thay c6 tan 14 va 14 nho
nhit. Bén canh d6, cac loai cay rimg khop con thich nghi véi lira rimg. Sy
thich nghi nay duoc phan anh dic diém hinh thai cua céac loai trong ho dau
Dipterocarpaceae, v6i vo day hon va cimg hon so véi cac loai khac. Diéu do
dan dén sy bién dong, khac biét ctua sinh khdi vo cay cao trong céac loai, chi
va ho thuc vat khac nhau ¢ rirmg khop.

Hé théng md hinh sinh khdi dong thoi dén chi thuc vat lam giam dang ké
sai s6 so v6i cac md hinh chung cac loai, theo ho va ciing tot hon ngay ca cho
lodi cu thé (Bang 3.6, Bang 3.7). Trong khi d6 hé théng md hinh wéc tinh
dong thoi sinh khéi theo chi thuc vat chi yéu cau mot bién dau vao don gian
la D. Piéu dang cha y nita 13 sé lugng chi thuc vat than gd trong rimg khop
khong qua nhiéu, do d6 nén st dung cac hé théng mo hinh theo chi thuc vat
cho rimg khop nhiét déi dé cai thién do tin cdy va giam chi phi do dém & hién
truong so v4i cac mod hinh theo loai cu thé. Pidu ndy da gop phan khang dinh
thém nghién ctru cua Huy va ctv (2016c¢) va Basuki va ctv (2009) cho ring
khop ¢ Viét Nam va Indonessia.

Tu két qua tham dinh chéo sai s theo K-Fold da lua chon duoc hé théng
mod hinh udc tinh dong thoi sinh khéi cay ring khop theo SUR va theo hé

thng phan loai thuc vét nhu sau:
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Hinh 3.3. Bién dong giita sinh khdi udc tinh qua md hinh (Fitted) so v6i quan

sat (Observed) cta hé thong mo hinh wdc tinh sinh khoi déng thoi cua than

cay (Bst), canh (Bbr), 14 (Ble), vo cay (Bba) va tong sinh khoi trén mat dat

(AGB), truong hop st dung phuong phap SUR chung cho céac loai (Mixed

species) sir dung toan bo dir liéu.
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Hinh 3.4. Bién dong giita sinh khdi udc tinh qua mé hinh (Fitted) so vdi quan

sat (Observed) cta hé thong mo hinh wdc tinh sinh khéi déng thoi cia than

cay (Bst), canh (Bbr), 14 (Ble), vo cay (Bba) va tong sinh khoi trén mat dat

(AGB), trrong hop st dung phuong phap SUR cho chi thuc vat

Dipterocarpus sur dung toan bg bo dir liéu.
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Hinh 3.5. Bién dong giita sinh khdi wéc tinh qua mé hinh (Fitted) so v&i quan

sat (Observed) cta hé thong mo hinh wéc tinh sinh khoi déng thoi ciia than

cay (Bst), canh (Bbr), 14 (Ble), vo cay (Bba) va tong sinh khdi trén mit dat

(AGB), truong hop stir dung phuong phap SUR cho chi thuc vat Shorea sir

dung toan bd bo dir liéu.
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Péi véi chung céc loai va ho dau chiém uvu thé Dipterocarpaceae:

AGB = f(Bst + Bbr + Ble +Bba) = a;xDP!xHP2xWDPL3 + a,xDP?!  (3.12)
+ a3><Db31 + a4xDb41

Déi vé6i chi thuc vat wu thé Dipterocarpus va Shorea:

AGB = f(Bst + Bbr + Ble +Bba) = a;xD™ + ayxDb?! + azxDP3! (3.13)
+ a,xDb4

Két qua thiét 1ap hé théng md hinh sinh khdi dong thoi nay da gop phan
cho thay vu diém cta phuong phap SUR di cai thién dang ké do tin cay vi da
Xét cac mdi quan hé sinh khdi thanh phan v6i nhau va bao dam két qua udce
tinh tong sinh khéi cac bo phan cay sé bang AGB (Parresol, 2001; Picard va
ctv, 2012; Poudel va Temesgen, 2016; Kralicek va ctv, 2017; Huy va ctv,
2019).

Str dung toan bo dir liéu dé udc tinh cac tham s cua hé théng mo hinh
nay theo SUR thuc hién trong phan mém SAS véi chuong trinh Codes dugc
viét va trinh bay trong Phu luc 4. Két qua ¢ Bang 3.7.

Bang 3.7. Cac tham s6 dugc ude lugng theo phuong phap SUR cua hé théng
mo hinh wdc tinh dong thoi AGB va cac thanh phan cta né (Bst, Bbr, Ble va

Bba) theo hé thong phan loai thuc vat rimg khop

Hé théng phan loai Dang md hinh Thamsé Udc tinh + Khoang RMSE  Adij.
thuc vt bién dong theo sai sb  (kg) R?

tiéu chuin SE

Chung céc loai Bst = a 0,02055 + 0,00215 32,7 0,952
alxDbllebIZXWDbl3
b1 2,35241 + 0,03490
b2 0,59142 + 0,03210

D13 0,69609 + 0,07980
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Hé thng phan loai Dang mo hinh Thamsé Uédc tinh + Khoang RMSE  Adij.
thuc vat bién dong theo sai s6  (kg) R?

tiéu chuan SE

Bbr = a;xD"* a 0,00669 + 0,00190 36,4 0,824
b21 2,85742 + 0,07880
Ble = azxD"! as 0,03701 + 0,01310 35 0,694
D31 1,68095 + 0,09680
Bba = a;xD"! Q 0,01541 + 0,00445 23,1 0,744
ba1 2,43959 + 0,08360
AGB = f( Bst + Bbr + 68,5 0,939
Ble +Bba)
Ho Bst = a 0,02548 + 0,00390 32,7 0,961
Dipterocarpaceae aix DM x HP2x WDPL
b11 2,25377 = 0,04780
b1z 0,69531 = 0,03900
b3 0,95381 + 0,12130
Bbr = a;xD"! a 0,01097 + 0,00356 41,1 0,827
b21 2,73663 = 0,08850
Ble = a3xD"! as 0,04559 + 0,01490 3,7 0,696
Ds1 1,63322 = 0,09000
Bba = a,xD" as 0,00399 + 0,00174 25,2 0,758
ba1 2,83670 = 0,11690

AGB = f(Bst + Bbr + 72,1 0,946
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Hé thng phan loai Dang mo hinh Thamsé Uédc tinh + Khoang RMSE  Adij.
thuc vat bién dong theo sai s6  (kg) R?

tiéu chuan SE

Ble +Bba)
Chi Dipterocarpus ~ Bst = a;xD"! a 0,01831+ 0,00348 43,9 0,945
b 2,76361 + 0,05260
Bbr = a,xD? a 0,00481 + 0,00220 47,6 0,827
b1 2,96217 + 0,12500
Ble = asxD"™! as 0,08921 + 0,02840 4,3 0,691
ba1 1,43840 + 0,09600
Bba = a;xD"* Eh 0,00116 £ 0,00040 24,4 0,843
ba1 3,19340 + 0,09160
AGB = f(Bst + Bbr + 88,1 0,940
Ble +Bba)
Chi Shorea Bst = a;xD"1* a1 0,03925 + 0,01190 42,1 0,807
bu 2,47118 + 0,09070
Bbr = a,xD"* a 0,02130 + 0,00631 16,7 0,900
b 2,49004 + 0,08800
Ble = asxD"™! as 0,05119 + 0,01070 2,1 0,634
ba 1,50629 + 0,05890
Bba = a;xD** a 0,31967 + 0,09090 9,9 0,649

b41 1,47380 + 0,09610
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Hé théng phan loai Dang mo hinh Thamsé Uédc tinh + Khoang RMSE  Adij.
thuc vat bién dong theo sai s6  (kg) R?

tiéu chuan SE

AGB = f(Bst + Bbr + 60,2 0,863
Ble +Bba)

Ghi chl: Bst, Bbr, Ble, Bba va AGB lan lwot la sinh khoi cia thdn, canh, 16, vé cdy va tong sinh khoi trén

mdt dat ciia cdy rimg. Tat ca cdc tham s6 c6 gid tri Pvalue < 0.05. Dyea trén toan bé dit liéu.

Két qua udce tinh sinh khdi cac b phan cay ring (Bst, Bbr, Ble va Bba)
va AGB cho hai chi Dipterocarpus va Shorea cua rimg khop tir hé thong mo
hinh sinh khéi 14p theo SUR theo mét bién s6 dau vao D trinh bay trong cc
Bang 3.8 va Bang 3.9.

Bang 3.8. Udc tinh sinh khéi cac bo phan ciy ring va AGB cho chi Dau
Dipterocarpus ring khop tir hé théng mé hinh 1ap theo SUR theo mot bién s6

dau vao D

D (cm) Bst (kg) Bbr (kg) Ble (kg) Bba (kg) AGB (kg)

5 1,6 0,6 0,9 0,2 3,2

10 10,6 4,4 2,4 1,8 19,3
15 32,6 14,7 4,4 6,6 58,2
20 72,1 34,4 6,6 16,6 129,7
25 133,7 66,5 91 33,8 243,1
30 221,2 114,2 11,9 60,5 407,8

35 338,8 180,3 14,8 98,9 632,8
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D (cm) Bst(kg)  Bbr(kg)  Ble(kg)  Bba(kg)  AGB (kg)
40 490,0 2677 18,0 151,5 9272
45 678,5 379,5 21,3 220,7 1.300,0
50 907,8 5185 24,8 309,0 1.760,1

Bang 3.9. Uéc tinh sinh khéi cac bo phan cy rimg va AGB cho chi Ca Chit

Shorea rimg khop tir hé théng mo hinh 1ap theo SUR theo mot bién sd dau

vao D

D (cm) Bst (kg) Bbr (kg) Ble (kg) Bba (kg) AGB (kg)
5 2,1 1,2 0,6 3,4 7,3
10 11,6 6,6 1,6 9,5 29,4
15 31,6 18,1 3,0 17,3 70,0
20 64,4 37,0 4,7 26,4 132,5
25 111,8 64,5 6,5 36,7 219,5
30 175,4 101,5 8,6 48,0 333,6
35 256,7 149,0 10,8 60,3 476,9
40 357,1 207,8 13,3 73,4 651,6
45 477,8 278,6 15,8 87,3 859,5
50 619,9 362,1 18,5 102,0 1.102,6
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Két qua tham dinh chéo sai s6 d3 lya chon duoc hé théng mo hinh udc
tinh dong thoi sinh khdi cay rimg khop theo SUR, vé6i hé théng md hinh
chung céc loai va theo ho wu thé sir dung ca ba bién s dau vao 1a D, H va
WD, trong khi dé trong thuc té do H kha tén kém va thuong cé do tin cay
khong cao néu khong c6 dung cu va nhan vién k¥ thuét c6 kinh nghiém, ngoai
ra WD khdng c6 sin cho tat ca cac loai cdy rumg khop. Vi vay dé don gian
trong 4p dung, thiét 1ap hé théng moé hinh udc tinh ddng thoi sinh khdi chung
cho cac loai theo SUR v6i chi mot bién s6 dau vao 1a D (Bang 3.10)

Bang 3.10. Cac tham sb duoc udc luong theo phuwong phap SUR cua hé thong
mo hinh udc tinh dong thoi AGB va cac thanh phan cta né (Bst, Bbr, Ble va
Bba) chung cho tat ca cac loai cdy rimg khop theo mot bién sé duong kinh

ngang nguc (D)

Dang mo hinh Thamsé  Uédc tinh + Khoang RMSE Adj. R?
bién dong theo sai s6 (kg)

tiéu chuan SE

Bst = a;xDP? a 0,02384 + 0,00262 428 0,917
b1 2,67666 = 0,03020

Bbr = a,xD"% a2 0,00748 + 0,00207 365 0,824
ba1 2,82670 + 0,07660

Ble = agxD"! as 0,03874 = 0,01290 3,5 0,693
ba1 1,66726 + 0,09140

Bba = asxD! as 0,01827 + 0,00521 23,4 0,738

b41 2,38654 + 0,08340
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Dang mé hinh Thamsé  Uéc tinh + Khoang RMSE  Adj. R?
bién dong theo sai s6 (kg)

tiéu chuén SE

AGB = f(Bst + Bbr + Ble 80,6 0,916
+Bba)

Ghi chii: Bst, Bbr, Ble, Bba va AGB lan Lot la sinh khoi ciia thdn, canh, 1, v cdy va tong sinh khoi trén

mat dat ciia cdy rung. Tét cd cac tham s6 ¢é gia tri Pvalue < 0.05. Dya trén toan bg dir liéu

Két qua udc tinh sinh khéi cac bo phan (Bst, Bbr, Ble va Bba) va AGB
chung cho céc loai cay rung khdp dua vao hé théng mé hinh duoc thiét lap
dong thoi theo SUR duoc trinh bay trong Bang 3.11.

Bang 3.11. Udc tinh sinh khéi cac bo phan cay rimg va AGB chung cho cac
loai cay rumg khop tir hé thdng mé hinh 1ap theo SUR theo mot bién sé dau

vao D

D (cm) Bst (kg) Bbr (kg) Ble (kg) Bba (kg) AGB (kg)

5 1,8 0,7 0,6 0,9 3,9

10 11,3 5,0 1,8 4,4 22,6
15 33,5 15,8 3,9 11,7 64,6
20 72,4 35,6 5,7 23,3 137,0
25 131,6 66,9 8,3 39,6 246,4
30 214,3 112,0 11,2 61,2 398,8
35 323,8 173,2 145 88,5 600,0

40 462,9 252,6 18,2 121,7 855,3
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D (cm) Bst (kg) Bbr (kg)  Ble(kg)  Bba(kg)  AGB (kg)

45 634,4 352,4 22,1 161,1 1.170,1

50 841,1 474,7 26,4 207,2 1.549,4

3.3.2 S0 sanh d¢ tin cdy ciia hai hé théng mé hinh thiét lip theo hai
phwong phap doc lap va SUR

Két qua tham dinh chéo K-Fold dé so sanh cho thdy hé thong mo hinh
udc tinh dong thoi sinh khéi theo phuong phap SUR co cac sai s6 (Bias,
RMSE va MAPE) thap hon dang ké so vgi cac md hinh doc lap ¢ cap do
chung loai, ho va chi wu thé (Bang 3.12). Ngoai ra Hinh 3.3, Hinh 3.4 va Hinh
3.5 cho thay cac gié tri sinh khdi cac thanh phan va AGB udc tinh dong thoi
theo SUR bam sat gia tri AGB quan sat cho trueong hop chung loai va hai chi
thuc vat uu thé.

Bang 3.12. So sanh két qua tham dinh chéo K-Fold giita hai phuong phap
thiét 1ap hé théng mé hinh sinh khdi cdy rumg (doc 1ap va SUR)

Hé théng phan loai Phuong Dang m6 hinh lya chon Bias RMSE MAPE
thuc vat phap thiét (%) (%) (%)
lap mo
hinh
Chung loai Doc lap AGB = a x D’ x H® x WD¢ -111 446 27,1
SUR AGB = Bst + Bbr + Ble +Bba= -1,8 51,4 25,4
arx Dblleb12xWDb13 +

a2xDbZl + a.3><Db31 + a4>(Db41

thuc vat Doc lap AGB = a x D" x H¢ x WD¢ 99 417 264
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H¢ théng phan loai Phuong Dang m6 hinh lya chon Bias RMSE MAPE
thue vat phap thiét (%) (%) (%)
lap mo
hinh

Dipterocarpaceae
SUR AGB = Bst + Bbr + Ble +Bba =

arx Dbllx HblZXWDb13 +

aZXDb21 + a3><Db31 + a4><Db4l

59 36,2 27,7

Chi thyc vat Doc lap AGB = a x D" -12,2 46,3 29,2

Dipterocarpus

SUR AGB = Bst + Bbr + Ble +Bba= -85 27,2 20,4
aixDP1! + g,xDP? + gax D8 +
a4><Db41
Chi thuc vat Shorea  Doc lap AGB = a x D -88 332 246
SUR AGB = Bst + Bbr + Ble +Bba= -3,4 238 20,9
axDP1! + g,xDP? + gax D8 +
a4><Db41
Dipterocarpus Doc lap AGB = a x D -134 4772 31,5
tuberculatus Roxb.
SUR AGB = Bst + Bbr + Ble +Bba = -15,1 26,6 20,9
ayxDPIL + g,xDP2L + g3xDP3L +
a4><Db41
Dipterocarpus Doc lap AGB =a x D" -10,5 36,8 25,8
obtusifolius  Teijsm.
Ex Mig, SUR AGB = Bst + Bbr + Ble +Bba= -25,8 65,6 36,1
ayxDPIL + g,xDP2L + g3xD3L +
a4><Db41

Shorea obtusa Wall.  Ddc lap AGB =ax D" -4,4 22,3 18,0
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Hé théng phan loai Phuong Dang m6 hinh lya chon Bias RMSE MAPE
thue vat phap thiét (%) (%) (%)
lap mo
hinh
SUR AGB = Bst + Bbr + Ble +Bba= -7,7 37,0 26,7
ayxDPIL + g,xDP2L + gaxD3L +
a4><Db41
Shorea siamensis  Doc lap AGB =a x DP -13,3 415 33,8
Mig.
SUR AGB = Bst + Bbr + Ble +Bba= 7,0 20,9 18,5
aixDP1! + g,xDP? + gax D8 +
a4><Db41

Ghi ch(: Cdc sai s6 tir tham dinh chéo K-Fold véi K = 10. Bst, Bbr, Ble, Bba va AGB lan luot 1a sinh khoi

ciia thdn, canh, ld, v cdy va tong sinh khoi trén mat dat.

Ngoai ra, két qua cho thiy rang hé théng mé hinh theo thtr bac ciia hé
théng phan loai thuc vat da cai thién do tin cdy cua cac du doan sinh khéi. Do
tin cay tang dan khi di tur chung loai dén ho thuc vat, sau d6 dén chi thuc vét.
Cac mo hinh cu thé cho loai chua thay cd sy cai thién so v6i cac mé hinh theo
chi thye vat (Bang 3.12).

Do d6, da st dung toan bo dir liéu dé tinh tham sb cho hé thong mé hinh
udc tinh dong thoi sinh khdi AGB va céc thanh phan cta ndé & cac cap do
chung loai, ho thuc vat va chi thuc vat wu thé (Bang 3.7). Déi khi chi co bién
s6 D duoc do dac trong cac cudc diéu tra rung, vi vay hé théng mo hinh chi
c6 bién D dugc thiét lap va két qua dugc trinh bay trong Bang 3.10.

Pong thoi sir dung danh gia qua d6 thi Bland- Altman dé xem xét c6 hay
khong su khéac biét giita AGB du doan qua mé hinh thiét 1ap doc 1ap va theo
SUR véi d6 tin cdy P = 95% (Codes thuc hién do thi Bland- Altman trong
Phu luc 5)
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Do thi Bland- Altman so sanh sai 1éch uéc tinh AGB cta hai m hinh:
M6 hinh AGB thiét 1ap doc lap:
AGB = 0,0801995 x D2458405 x |{0157626 5 \/[)0,643418
M6 hinh AGB thiét 1ap theo SUR:
AGB = f(Bst + Bbr + Ble + Bba) = 0,02055 x D224 x H059142 x
WDOS%0 4+ (0 00669 x D285742 + (03701 x D689 + () 01541 x D243959
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Hinh 3.6. D6 thi Bland- Altman so sanh sai 1éch uéc tinh AGB ctia hai mé

hinh thiét 1ap theo SUR va doc 1ap (Non-SUR) véi d tin cay 95%

Ttr d6 thi Bland — Altman (Hinh 3.6) cho thdy sai 1éch cua uéc tinh AGB
theo hai m6 hinh theo SUR va ddc lap (Non-SUR) c6 su khac biét ro rét,
nhiéu gia trj sai 1éch nam ngoai sai s6 cho phép 5% & cac gia tri AGB cao
(ngoai hai duong dat nét song song). Nhu vay hai phuong phap 1ap mo hinh
¢ su khac biét 16 rét va SUR véi sai s6 bé hon (Bang 3.12), do d6 dat do tin
cay cao hon, dac biét 1a & cac cay co kich lude 16n véi gid tri ude tinh AGB
cao. Tom lai st dung SUR khong chi bao dam sy twong tac gitra cac mo hinh
sinh khdi bd phan khi udc tinh AGB ma con ting do cay, giam sai s cua udc
tinh AGB.
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CAu trac cia hé phuong trinh theo SUR bao dam tinh phu thudc nhau,
trong khi nin chinh mé hinh dd giai quyét dugc mdi twong quan giita cac
phuong trinh thanh phan dé c6 thé dat dugc cac wdc tinh hiéu qua hon khi so
sanh v&i cac mo hinh thanh phan dugc thiét 1ap riéng biét. Phat hién nay phu
hop voi két qua caa Parresol (2001), Poudel va Temesgen (2016) khi str dung
SUR dé dy doan céac thanh phan sinh khéi. Nhing cai thién nay 16n nhat & cip
do chi thue vat wu thé tung khop, thé hién & cac sai sb qua tham dinh chép K-
Fold (Bang 3.12).

Do d6, khuyén khich str dung phuong phap phi tuyén cé trong sé SUR
dé phat trién cac mo hinh dong thoi AGB va cac thanh phan ctia nd ¢ cac khu
rung nhi¢t doi.

3.4 Anh huwéng ciia cic nhan t6 sinh thai mdi truong rimg, 1am phan
dén mé hinh wéc tinh AGB cay rirng khop
3.4.1 Anh hwéng ngdu nhién ciia tirng nhén té sinh thdi, méi truong va
ldm phan Ién md hinh sinh khéi cay rieng khip AGB

Nghién cru ndy xem xét anh hudng cta ting nhan td sinh thai, moi
truong va lam phén 1én mo hinh uéc tinh sinh khdi da lua chon qua tham dinh
chéo K-Fold: AGB = a x D xH°¢ x WD¢

Céc nhan t6 sinh thai, Jam phan duoc nghién ciru 14 ving sinh khai khac
nhau (CH va SE), cap do cao so véi bién (Altitude, m)), lvong mua khac nhau
(P, mm/nim), cip mat do 1am phan (N, cay/ha), cap tong tiét dién ngang (BA,
m?/ha).

Str dung phuong phap phi tuyén cé trong sd va xét anh huong ngau
nhién cta céc nhan td (random effects) dén mo hinh theo phuong phéap
Maximum Likelihood va thim dinh chéo K-Fold dé danh gia c6 hay khong su

anh huong cia ting nhan t6 1én mo hinh uéc tinh AGB chung cho cac loai
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cdy rimg khop. Code chay trong R dé thuc hién mé hinh phi tuyén c6 xét anh

huoéng cic nhan t6 trinh bay & Phu luc 6.

Béng 3.13. Tham dinh chéo K-Fold mé hinh AGB = a x D xH¢x WD¢

chung cho cac loai ciy rimg khop dudi anh hudng cac nhan t6 sinh théi, 1am

phan.

Nhan té anh huong Bién AIC R RMSE Bias% MAPE

trong sd % %
Random effects

Weight

variable
Khoéng xét 1/D° 2.664 0,910 -11,1 44,6 27,1
Vuing sinh thai 1/D° 2.659 0,913 -11,1 443 27,4
Cép d6 cao so voi mat  1/D? 2.663 0,910 -11,0 46,0 27,1
bién (Altitude, m)
Luong mua nam (P, 1/D° 2.663 0,910 -11,1 455 27,2
mm/nam)
Cép tong tiét dién 1/D° 2.645 0,910 -11,0 45,7 27,3
ngang l1am phan (BA,
m?/ha)
Cap mat do lam phan  1/D? 2.646 0,910 11,1 43,7 27,1

(N, cay/ha)

Ghi cha: Trong tham dinh chéo K-Fold, diz liéu diroc chia ngau nhién thanh K phan bang nhau (K
= 10 lan), trong @6 K — 1 da lidu (9/10 dit lidu) duwoc sir dung d@é lap md hinh, tinh toan AIC,
R2.Adj; va mgt phan dir lieu K (1/10 dé liéu) khong tham gia ldp mé hinh ding dé danh gid sai sé
Bias, RMSE, MAPE; cuéi cling, tat ca nhiing chi tiéu théng k&, sai sé duwoc tinh trung binh trén 10
lan. 6: hé s6 ham phwong sai.
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Két qua & Bang 3.13 cho thay v6i nhan té sinh thai méi truong va 1am
phan dugc thim dinh su anh huong qua tham dinh chéo K-Fold déu cho thiy
v6i timg nhan t6 riéng 18 khong cho thiy sy anh hudng cua né 1én md hinh
sinh khdi AGB chung céc loai rimg khop. Cac md hinh bao gém timg nhan t6
O c4c gid tri thong ké AIC, R%g; va cac sai s6 nhu Bias, MAPE va RMSE
khong co su khac biét so voi mo hinh khong xét anh hudng cta cac nhan t6
nay.

O day khong phai 1a cac nhéan t6 sinh thai moi truong va 1am phan khong
c6 tac dong 1én qua trinh tich liy sinh khdi, carbon cdy rimg, ma no khong
anh hudng mot cach riéng 18 timg nhan t6 nhu da tham dinh. Do vay danh gia
anh huong tong hop cic nhan t6 dé dua vao cac mo hinh dé nang cao do tin
cdy, giam sai s6 udc tinh sinh khéi cay rimg 13 can thiét.

3.4.2 Anh hwéng tong hop cdc nhan té sinh thdi, méi truwong va lim phin
dén mé hinh sinh khoi AGB

Tién hanh tham dinh chéo anh hudng tong hop ciia bon nhan t6 sinh thai
moi truong va 1am phan (d6 cao so v6i mit bién (Altitude, m), lugng mua
trung binh nim (P, mm/nam), tong tiét dién ngang 1am phan (BA, m%ha) va
mat do cay rung (N, cay/ha) 1én mé hinh udc tinh AGB da lya chon chung cho
cac loai cdy rimg khop véi sy tham gia ctia ham diéu chinh MODIFIER.

Dang md hinh tong quat: AGB = AVERAGE x MODIFIER

Trong do:

- AVERGE = a x D’x H¢ x WDY mé hinh sinh khéi AGB trung binh
duoc lya chon qua tham dinh chéo K-Fold

- MODIFIER = exp( byx (Altitude - 246 ) + byx (P - 1.502) + bsx (BA -
12,62) + bsx (N - 534)), mo hinh diéu chinh gia tri du doan sinh khéi AGB
khi cac nhan t6 sinh thai, moi truong va 1am phan thay doi so véi trung binh

cua no.
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Mo hinh duogc thiét 1ap theo phuong phap phi tuyén ¢ dinh c6 trong sd
theo Maximum Likelihood (Weighted Non-Linear Fixed Model fit by
Maximum Likelihood). Codes dé thuc hién trong R trinh bay trong Phu luc 7.
Két qua trinh bay trong Bang 3.14.

Bang 3.14. Tham dinh chéo K-Fold dé so sanh va lwa chon phuong trinh sinh
khéi AGB chung cho céc loai cay rimg khop dua trén anh huong tong hop cac

nhan t6 sinh thai méi trudng va 1am phan qua ham MODIFIER

Id M® hinh Trong AIC R, Bias RMSE MAPE
50 (%) (%) (%)

1. AGB = a x D x H¢x 1/D° 2.664 0,910 -111 446 27,1
wp*

2. AGB=axDx H"x  1/D° 2.681 0930 -95 417 25,0
wpD¢ x
exp( bix (Altitude -
246)

+byx (P - 1.502)
+ bsx (BA - 12,62)
+bs < (N - 534

)

3. AGB = a x D’x WD* 1/D° 2.650 0,927 -10,0 412 25,5
x exp( b1"x (Altitude -
246)
+byx (P - 1.502)
+ b3x (BA -
12,62))

4,  AGB =ax D’x wD¢ 1/D° 2.640 0926 -99 415 25,3
x exp(+ box (P -
1.502) + bsx (BA -
12,62))

Ghi chl: Pé cao so voi mat bién (Altitude, m), lwgng mua trung binh nam (P, mm/ndm), tong tiét dién ngang
lam phan (BA, m*Iha) va mdt dé cdy rimg (N, cdy/ha). Tham dinh chéo K-Fold, di liéu duoc chia ngau
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nhién thanh K phdn bang nhau (K = 10 lan), trong dé K — 1 dit liéu (9/10 di liéu) duoc sir dung dé
ldp md h‘lnh,?tl'nh toan AIC, ,RZ.Adj; va mét phan dir I’iéu K (1/;0 dir ligu) khdng tham gia ldp mQ
hinh dung dé danh gia sai so Bias, RMSE, MAPE; cuoi cung, tat cad nhﬁng chi tiéu thong ke, sai so
dwoc tinh trung binh trén 10 lan. 6. hé so ham phwong sai. *: Tham so ¢6 Pvalue > 0,05. In dam la
mo hinh dwot lya chon

Két qua cho thdy véi su tham gia ciia bon nhén t6 sinh thai méi truong
va 1am phan vao mo hinh sinh khéi thi bién sé H c6 tham sé khong ton tai
(Pvalue > 0,05) (6 ham thir 2 trong Bang 3.14). Piéu nay c6 thé giai thich 1a
bién H dai dién cho sy thay d6i cua lap dia, va khi d bao gdm mot sé nhan té
sinh thai phan anh cho 1ap dia rung khop nhu lugng mua, do cao so vdi mat
bién thi anh huong H khong con c6 ¥ nghia. Ngoai ra mé hinh nay ciing c6
bién s6 N co tham sd khong ton tai v6i Pvalue > 0,05. Do vay thiét 1ap va
tham dinh chéo mo hinh loai bo bién H va N (ham tht 3 trong Bang 3.14), ltc
nay bién s6 do cao (Altitude) c6 tham sd khong ton tai (Pvalue > 0,05). Vi
vay cudi cung thiét 1ap va tham dinh chéo mo hinh sinh khoi bao gém hai
nhan t6 P va BA (ham thir 4 trong Bang 3.14) va day ciing 1a ham duoc lwa
chon vi c6 tit ca cac tham sd gin bién s6 ton tai, dong thoi qua tham dinh
chéo K-Fold thi c4c chi tiéu thong ké nhu AIC, RZ%g va cic sai s6 Bias,
RMSE va MAPE dugc cai thién r6 rét so véi mé hinh AGB khong c6 sy tham
gia clia cac nhan t6 sinh thai moi truong va 1am phan (ham 1 trong Béang
3.14). Bang 3.15 trinh bay két qua udc tinh cac tham s ctia mé hinh Iya chon
dé uéc AGB tinh chung cho cac loai cdy rimg khdp voi su diéu chinh cia hai
nhan t P va BA.

Vi dang m6 hinh AGB = AVERAGE x MODIFIER, trong d6 AGB
dugc diéu chinh theo cac nhan t6 anh huong. Khi ma gia tri clia cic nhén t6
sinh thai bang gia tri trung binh ctia né thi ham MODIFIER = 1, cac nhan t6
sinh thai mdi trudng va 1am phan chi anh hudéng 1én AGB khi ma gi4 tri cta

nhan t6 d6 khac véi trung binh ctia no.
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Bang 3.15. Cac tham sb ctia md hinh AGB chung cho cac 10ai cay rimng khop
v6i su tham gia ctia cac bién sinh thai méi trudong va 1am phan, udc lugng

theo phuong phap phi tuyén ¢ dinh c6 trong s theo Maximum Likelihood

Dang mé hinh Tham s U'dc tinh + Khoang bién dong

theo sai soO tiéu chuan SE

AGB = a x D’x WDY x a 0,127751 + 0,015243
exp( + box (P - 1.502) b 2,460833 + 0,031600
+ bsx (BA - 12,62)) d 0,978793 + 0,122928
bz -0,000645 + 0,000095
bs -0,008556 + 0,003552

Ghi chi: Lweong mua trung binh nam (P, mm/ndm), tong tiét dién ngang lam phan (BA, m¥ha)

Ttr md hinh lya chon cho thay hai nhan t6 P va BA c6 tham s am (< 0),
c6 nghia khi lwong mwa P vuot trén trung binh 1a 1.502 mm/nam hodc tong
tiét dién ngang BA ctia lam phan vuot trén 12,62 m?%ha thi s& 1a giam tich lity
sinh khéi cdy rung khop. Néi khac tich liiy sinh khoi cay rimg khop s& gia
tang noi c6 lwong mua thap hon 1.502 mm/nam va 1am phan chwa thanh thuc
va trit lwong chua cao, voi BA < 12,62 m?/ha.

Két qua & cac d6 thi & Hinh 3.7 cho thdy moé hinh dang AGB =
AVERAGE x MODIFIER dat d¢ tin cdy cao véi gid tri AGB udc tinh quan
mo hinh bam sat AGB quan sat theo dudng chéo 1:1 va dic biét 1a sai s6 cO
trong s6 rat thip, bién dong + 0,05 kg/cdy va rai déu theo AGB uéc tinh qua

mo hinh.
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Hinh 3.7. M6 hinh AGB = AVERAGE x MODIFIER diéu chinh mé hinh sinh

khéi dudi anh hudng téng hop cua cac nhén td sinh thai, moi truong va 1am

phan. Quan hé gitra AGB ud6c tinh qua mé hinh véi AGB quan sét (trai). Bién

dong sai s6 c6 trong s6 theo AGB udc tinh qua mo hinh (phai)

Str dung m6 hinh lyra chon AGB = a x D’x WD xexp( + byx (P - 1.502)

+ bax (BA - 12,62)) dé wdc tinh AGB chung cho céc loai cay rimg khop véi

bién dau vao WD dugc chia 1am 4 cap va hai nhan t6 P va BA duoc lay gia tri
trung binh ing voi ham MODIFIER = 1 (Bang 3.16).
Bang 3.16. UGc tinh AGB chung cho céc loai cay rimg khop dua vao mo hinh
AGB = a x DPx WD xexp( + byx (P - 1.502) + bsx (BA - 12,62))

WD (g/cm®) D (cm)  AGB (kg) WD (g/cm®) D (cm)  AGB (kg)
0,3 5 2,1 0,5 5 3,4

10 114 10 18,7

15 30,8 15 50,8

20 62,5 20 103,1

25 108,3 25 178,6

30 169,6 30 279,7

35 2479 35 408,7
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WD (g/cm®) D (cm)  AGB (kg) WD (g/cm®) D (cm)  AGB (kg)

40 344,3 40 567,7

45 460,1 45 758,6

50 596,3 50 983,1
WD (g/cm®) D (cm)  AGB (kg) WD (g/cm®) D (cm)  AGB (kg)
0,7 5 4,7 0,9 5 6,0

10 26,0 10 33,3

15 70,6 15 90,3

20 143,3 20 183,3

25 248,2 25 317,4

30 388,8 30 497,2

35 568,1 35 726,6

40 789,1 40 1.009,2

45 1.054,5 45 1.348,5

50 1.366,6 50 1.747,7

Ghi chii: Ldy cdc gid tri lwong miea ndm P (mm/ndm) va tong tiét dién ngang BA (m¥ha) trung binh va nhi

vy ham MODIFIER = 1. Khoi heong thé tich g6 WD dwoc chia thanh 4 cdp va ldy gid tri trung binh.

3.5 M6 hinh sinh khéi chung cho viing nhiét déi hay cho tirng ving sinh

thai theo hé thong phén loai thue vat wu thé rirng khop

Trong nghién ciru nay, tham dinh chéo K-Fold véi K = 10 di duoc thuc
hién dé so sanh sai sd, do tin cdy cua phuong trinh uéc tinh dong thoi AGB
theo phuong phap SUR, véi cac phuong trinh dy doan sinh khéi AGB khéc
duogc thiét 1ap cho ving nhiét doi (Chave va ctv, 2005, 2014) va rimg khop
ctia Pong Nam A (Basuki va ctv, 2009). Tién hanh cho cdc md hinh uéc tinh
chung AGB cho chung cho céc loai va cac chi thuc vat uu thé, két qua thé
hién & Bang 3.17.
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Bang 3.17. Két qua tham dinh chéo K-fold mé hinh udc tinh dong thoi AGB

theo phuong phap SUR trong nghién ctru nay va so sanh véi cac mo hinh

AGB khac cho rimg khop ving nhiét d6i ¢ cac cap do chung loai va chi thuc

vat
Hé théng phan  Ngudn nghién Mo hinh liya chon Chi s6 Bias RMSE MAPE
loai thyc vat ctru phuhop (%) (%) (%)
(IF)
Chung loai Nghién ciu AGB = Bst + Bbr + Ble +Bba = 0,940 -1,8 514 25,4
nay, (2020), 0,02055 xD?324 x K092
cho rimg khop WD + 0,00669 x D*#72 +
Viét Nam 0,03701 x D% 4+ 001541 x
D2,43959
Chave et al. MO hinh |: AGB = WDxexp(- 0,764 -84,0 1239 84,1
(2005), cho 0667 + 1,784xlog(D) +
riung khop 0,207x%(log(D))?-0,0281%(log(D))?
vung nhiét doi )
M6 hinh 1l: AGB = 0,112x(D?x 0,926 -23,1 654 40,9
HXWD)O,glG
Chave et al. M® hinh Ill: AGB = 0,0673x(D?x 0,923 -12,1 585 37,1
(2014), chung HxWD)%"
tat ca cac kiéu
rung vung
nhiét doi
Basuki et al. Mo hinh I: AGB = exp(-1,201 + 0,833 -100,3 139,6  100,3

(2009), cho

2,196xlog(D))
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Hé théng phan  Ngudn nghién M6 hinh Iya chon Chi s6 Bias RMSE MAPE
loai thyre vt clru phu hop (%) (%) (%)
(IF)
rung khop

M6 hinh II: AGB = exp(-0,744 + 0,704 -1125 1525 1125
2,188xlog(D) + 0,832xlog(WD))

Indonesia

Chi thuc vat.

0941 -85 27,2 20,4

Dipterocarpus  Nghién  ctu AGB = Bst + Bbr + Ble +Bba
genus nay, (2020), 0,01831 x D*>"%*' + 0,00481
Viét Nam D% + 0,08921 x D0 4

0,00116 xD319340

X

Basuki et al. AGB = exp(-1,232 + 0,901 -70,9 952 70,9
(2009), 2,178xlog(D))
Indonesia

Shorea genus Nghién  ctu AGB = Bst + Bbr + Ble +Bba
nay, (2020), 0,03925 x D***® + 0,02130
Viét Nam D404+ 0,05119 xD™*%® +

0,31967 xD'47%0

0,868 -34 23,8 20,9

X

Basuki et al. AGB = exp(-2,193 + 0861 -1,2 23,7 20,7
(2009), 2,371xlog(D))
Indonesia

Ghi cha: Tham dinh chéo K-Fold, dit liéu diege chia ngau nhién thanh K phan bang nhau (K = 10 lan), trong
khi d6 K — 1 dir liéu (9/10 dir liéu) dwoc siv dung dé lgp mé hinh va mét phan K dit liéu (1110 diF liéu) ding dé
danh gid sai s6 Bias, RMSE, MAPE trung binkh cho hé thong mé hinh trong nghién ciru nay va cdc mé hinh
dwoc so sanh khac; Tét ca cac chi tiéu théng ké, sai s6 dwoc tinh trung binh #r 10 lan thwc hién; Bst, Bbr,
Ble, Bba va AGB lan luot la sinh khoi cia thdn, canh, la, vo cdy va tong sinh khoi trén mat dat. \F: Chi s6

phit hop ciia mé hinh (Index of Fit)
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Céc két qua tham dinh chéo K-Fold cho thdy mé hinh AGB chung céc loai
ving nhiét d6i dugc thiét 1ap boi Chave va ctv (2005) véi hai bién sé dau vao
1a D va WD c0 sai s6 va du doan gia tri AGB cao hon so véi dir liéu AGB thyc
té (Hinh 3.8), trong khi c&c mé hinh c6 ca ba bién dau vao D, H va WD
(Chave va ctv, 2005, 2014) c6 chi sé phu hop tét (IF = 0,923-0,926) va cho
cac sai sO twong doéng véi md hinh AGB theo phuong phap SUR cua nghién
ctru nay ¢ Viét Nam vaéi IF = 0,940 (Bang 3.17). Phat hién nay ciing phu hop
véi nghién ctru cua Rutishauser va ctv (2013) tai Indonesia, tic gia nay cling
da stir dung mo hinh sinh khéi chung viing nhiét doi dugc phat trién boi Chave
va ctv (2005) va thay rang mo hinh nay udc tinh tot nhat AGB tai viing nghién
ctru, tuy nhién, diéu nay khac voi khuyén nghi ctia Huy va ctv (2016b,c) va
Basuki va ctv (2009) cho rang md hinh theo viing sinh thai cu thé thi tot hon
so voi mO hinh chung cua ving nhiét doi. Nhu vay mo hinh AGB chung cac
loai véi ba bién s6 dau vao D, H va WD c6 thé sir dung chung theo viing nhiét
d6i cho timg kiéu rimg.

Trong khi d6, cac mo6 hinh AGB chung loai ring khop theo ting ving
sinh thai dugc phat trién boi Basuki va ctv (2009) & Indonesia dd cho thay c6
sai sO cao va dy doan gia tri AGB qua cao so véi dit liéu AGB trong nghién
ctru nay ¢ Viét Nam (Bang 3.17, Hinh 3.8). Diéu nay cho thiy cac mo hinh
AGB chung loai theo viing sinh thai cu thé khéng chuyén giao tot cho céac

viing sinh thai khac cho du cung kiéu rimg.
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/\ Basuki et al.(2009) | chung loai, Indonesia
- Basuki et al.(2009) Il chung loai, Indonesia
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Hinh 3.8. So sanh cac gia tri AGB du doan ¢ cac mé hinh khac nhau so
véi gia tri quan sat AGB
Trén cung: So sanh mé hinh dwoc lya chon theo SUR trong nghién ciru nay véi cdc mé hinh cho rimg khop

ving nhiét doi, trong truong hop chung 10ai; Dudi tir trdi sang phdi: So sanh cac mé hinh dugc lva chon ciia

nghién cieu nay véi cae mé hinh khdc dwge phdt trién & Indonesia trong trirong hop cung chi Dipterocarpus

va Shorea.
Tham dinh chéo sai s6 cho cac mé hinh theo chi wu thé Dipterocarpus va

Shorea dugc xdy dung boi Basuki va ctv (2009) & Indonesia cho thdy cic md
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hinh d3 c6 cac chi s6 phu hop IF (0,86 — 0,90) va AGB du doéan rat twong
ddng voi cac mo hinh theo cac chi ndy duogc phat trién trong nghién ctru ndy &
Viét Nam (Bang 3.17, Hinh 3.8). Két qua nay khang dinh thém phat hién cua
Huy va ctv (2016c¢) cho rang ca&c mo hinh AGB theo chi thuc vét vu thé rimg
khop cd tmg dung t6t & cac viing sinh thai khac nhau.

Cac mo6 hinh AGB 1ap theo chi rimg khop ¢ ving nhiét ddi sé cai thién
d6 tin cdy so voi cac md hinh AGB chung loai ving nhiét d6i. Sai s6 RMSE
va MAPE ¢6 xu hudng giam déng ké khi sir dung cac mo hinh theo chi dugc
so v6i mo hinh cho chung loai (Bang 3.17). Ngay ca khi cac loai cua hai chi
Dipterocarpus va Shorea sir dung trong phét trién phuong trinh AGB cua
Basuki va ctv (2009) ¢ Indonesia khac v&i thanh phan loai cta hai chi nay &
Viét Nam nhung van d¢ tin cdy dat nhu nhau qua thim dinh chéo K-Fold. Gia
tri du doan AGB tuir phuong trinh theo hai chi ctia Basuki va ctv (2009) va tur
nghién ctru ndy khong khac nhau dang ké. Diéu nay c6 thé 1a do cac loai trong
cac chi ndy ciing c6 sy tuong tu vé cau trac tan 14 cdy va dac biét 1a WD. Két
qua phat hién nay hd trg dé xuat ap dung phuong trinh sinh khoi AGB theo chi
thuc vat ctia ring khop chung cho ving Pong Nam A va viing khu vuc nhiét
doi.

3.6 Ung dung thiét lip va thim dinh chéo hé thong mé hinh wée tinh
sinh khoi cdy rimg
3.6.1 Huwdng dén thiét lgp va tham dinh chéo hé thong mé hinh wéc tinh
sinh khoi cdy rieng
3.6.1.1 Thu thdp s6 liéu dé lap mé hinh sinh khoi cdy rimg

Phuong phap thu thap dir lidu sinh khéi cac bo phan va tong cua cay
rung thong qua chit ha cady mau (destructive sampling) la c6 do tin cdy cao
nhat khi 1ap mo hinh, cho du né tac dong dén dbi twong nghién ctru; vi vay

phuong phéap nay duoc ap dung rong réi trén thé gidi dé 1ap cac mé hinh sinh
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khéi yéu cau do tin cay cao (Brown, 1997, IPCC, 2003, Chave, 2005, 2014;
Basuki va ctv, 2009; Huy va ctv, 2016a,b,c).

S6 cdy mau chit ha cho 14p cdc mo hinh theo dia phuong, 1ap dia tir 100
166 cay mau (Picard va ctv, 2012; Dutca va ctv, 2020) 1a phu hop, dat do tin
cdy dé 1ap mo hinh.

Pbi véi rimg hdn loai khac tudi, sé cdy miu chat ha can ty 1¢ thuan véi
phan bd duong kinh cua 1am phan va voi mat do cua cac loai (Basuki va ctv,
2009).
3.6.1.2 Lwa chon phwong phdp tham dinh sai s6 mé hinh sinh khoi

Khuyén nghi 4p dung phuong phap tham dinh chéo K-Fold v&i K = 10 vi
phuong phap nay c6 wu diém 1a tit ca dir liéu déu duoc tham gia 1ap mo hinh
va tat ca déu tham gia tinh sai 6. Vi vay sai s6 1a ding cho moi dit liéu & moi
khu vuc nghién ctu, thu thap dit liéu. Pong thoi trong ba phuong phap tham
dinh chéo thi phuong phap K-Fold véi lan lip K=10 da cho sai s6 on dinh,
thuan tié€n cho xur 1y s6 liéu trong R.
3.6.1.3 Chon bién s6 dau vao cho hé théng mé hinh sinh khoi

C6 ba bién sb pho bién trong mé hinh sinh khéi cay rumg, d6 1a duong
kinh cuia cdy ngang nguc (D, cm), chiéu cao cdy rimg (H, m) va khéi luong
thé tich gb (WD, g/cm3). Trong d6 bién D dai dién cho kich thudc cay thay
ddi, H chi thi cho lap dia va WD dai dién cho kha nang tich Ily sinh khoi,
carbon theo loai.

Tir két qua nghién ciru nay chi ra:

-Pbi v6i md hinh sinh khdi chung loai hodc dén ho thuc vat va cho than
cay (Bst) va toan bo sinh khéi trén mit dat cay rimg (AGB) thi can c6 du ba
bién s6 D, H va WD, trong khi d6 d6i voi cac bd phan sinh khdi canh (Bbr), 14

(Ble) va vo (Bba) thi chi can mot bién dau vao 1a D
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-P6i voi md hinh sinh khéi 1ap dén chi thyuc vat hodc loai thi chi can mot
bién dau vao 1a D cho tat ca cac bo phan sinh khéi va AGB. Vi luc nay chi
hodc loai dd phan anh dugc dic diém hinh thai cdy va ning luc tich liy
carbon ctia né6 ma khong can thém bién H va WD
3.6.1.4 Chon dang ham sinh khéi cdy rimng

Theo Picard va ctv, 2015 thi mé hinh sinh khdi dang ham Power khong
phai cho d0 tin cdy cao nhit khi so voi cac dang ham phirc tap khéc, tuy nhién
do su don gian va do tin cay khong qua sai khac so vdi cac ham phtc tap, do
vay trén toan thé gioi, hau hét dang ham Power déu duoc sir dung dé lap mo6
hinh udc sinh khéi cay rimg. Tir két qua nghién ciru ndy ciing cho thay dang
ham Power 1a thich hop cho cdc md hinh sinh khéi cic bo phan cdy rimg va
tong 13 AGB. Vi vay khuyén nghi st dung dang ham Power dé 1ap cac mo
hinh sinh khi, dang m6 hinh téng quat nhu sau (Huy va ctv, 2016a, b, c;
Kralicek va ctv, 2017):

Y =a ><Xj‘8+€j (3.12)

i~ iid N'(0,6%) (3.13)

Trong do Y; la Bst, Bba, Bbr, Bl, AGB (kg) ing v6i cay thu j; e va B la

tham s6 ctia mé hinh; X; 1a céc bién sé D (cm), H (m), WD (g/cm?®), hodc to

hop bién dai dién cho thé tich cdy: D?H hoic to hop bién dai dién cho sinh
khéi: DZHWD tng véi cay thu j; va &j la sai sd ngau nhién tmg voi cay thi j.

3.6.1.5 Lwa chon phuwong phadp voc luong ham Power

Pbi v6i ham Power thong thuong s dung phuong phap udc lugng mod
hinh bang cach tuyén héa thong qua logarit va ap dung phuong phap binh
phuong t6i thiéu. Két qua nghién ctru nay da sir dung chi sé Furnival’s Index

(FI) (Jayaraman, 1999) dé so sanh va cho thidy mo hinh phi tuyén theo phuong
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phap hop 1y cuc dai (Weighted Non-linear Models fit by Maximum
Likelihood) dat d¢ tin cdy cao hon rat nhiéu 1an phuwong phap log tuyén tinh
hoa. Vi vay khuyén nghi sir dung phuong phap nay trong udc lugng mé hinh
sinh khéi dang Power.

3.6.1.6 Ky thudt thiét lgp mé hinh sinh khéi déc ldp

Sinh khbi bo phan va AGB c6 hién twong phan hoa bién manh khi kich
thude cay tang 1én (heteroscedasticity) (Davidian va Giltinan, 1995; Picard
va ctv, 2012; Huy va ctv, 2016a,b,c; Kralicek va ctv, 2017), do vay khi thiét
1ap mo hinh can 4p dung trong s6 (Weight), trong d6 Weight = 1/X? (Picard va
ctv, 2012) véi X c6 thé bién D, H, D?H hodc D*HWD tlly theo cé4c bién s6 nao
1a quan trong trong mo hinh va ¢ 12 hé s ham phuong sai.

Ap dung phuong phép phi tuyén cé trong sé theo Maximum Likelihood
dé thiét 1ap mo hinh dang power (Weighted Non-linear Fixed Models fit by
Maximum Likelihood) va thim dinh chéo K-Fold. Sau day 1a minh hoa Codes
chay trong R.

Codes chay trong R dé 1ap mé hinh sinh khdi AGB = a x D° x H¢ x WD¢ theo
phuong phap (Weighted Non-linear Fixed Models fit by Maximum Likelihood)
va tham dinh chéo K-Fold (K=10), sau d6 st dung toan bd dit liéu dé udc tinh
cac tham s6 ctia mo hinh

1) Thiét 1ap va tham dinh chéo mé hinh

# Erase memory

rm(list=Is())

# Clean plot window

dev.off()

# Directory path

setwd("C:/Users/baochu/OneDrive/1 - Article Dip Forest/Data/Data for use™)

# Enter dataset t

t <- read.table("tAll.txt", header=T,sep="\t",stringsAsFactors = FALSE)

# Install.packages(*"ggplot2")

library(ggplot2)

library(nlme)

library(cowplot)

library(gridExtra)
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# 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)

MAPE = rep(0, 10)

# Perform 10 fold cross validation:

for(i in 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, ]

# Develop Model:

start <- coefficients(Im(log(AGB)~log(D)+log(H)+log(WD), data=t_eq))

names(start) <- c("a","b","c","d")

start[1]<-exp(start[1])

Max_like <- nime(AGB~a*D”b*H"c*WD"d, data=chind(t_eq,g="a"),
fixed=a+b+c+d~1, start=start, groups=~g, weights=varPower(form=~D))
# Estimated values and Predicted:

k <- summary(Max_like)$modelStruct$varStruct[1]

t eqdMax_like.fit <- fitted.values(Max_like)

t eqdMax_like.res <- residuals(Max_like)

t eq$Max_like.res.weigh <- residuals(Max_like)/t_eq$D"k

# Calculation of AIC, R2

AICJi] <- AIC(Max_like)

R2 < 1- sum((t_eqg$AGB - t eg$Max_like.fit)*2)/sum((t_eq$AGB -
mean(t_eq$AGB))"2)

R2.adjusted <- 1 - (1-R2)*(length(t_eq$D)-1)/(length(t_eq$D)-5-1)

R2adj[i] <- R2.adjusted
# Prediction of the model for validation

n_va$Pred <- predict(Max_like, newdata=chind(n_va,g="a"))

# Calculation of RMSE, Bias, MAPE% each time:

Bias[i] = 100*mean((n_va$AGB - n_va$Pred)/n_va$AGB)

RMSE[i] = 100*sgrt(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
# Mean of AIC, R2 adj.:
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mean(AIC)
mean(R2adj)
# Mean of RMSE, Bias, MAPE%:
mean(Bias)
mean(RMSE)
mean(MAPE)
# Output last model:
summary(Max_like)
# Plot of Valiation vs. Prediction
p <- ggplot(n_va)
p <- p + geom_point(aes(x=Pred, y=AGB), cex = 3.5)
p <- p + geom_abline(intercept = 0, slope = 1, col="black", cex=1.5)
p <- p + xlab("Predicted AGB (kg)") + ylab("Validation AGB (kg)") + theme_bw()
p <- p + labs(title = "")
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(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 +ylim(0, 1500)
p =p + xlim(0, 1500)
p 4
2) Udc lugng cac tham s6 md hinh véi toan bo dir liéu
# Erase memory
rm(list=Is())
# Clean plot window
dev.off()
# Directory path
setwd(""C:/Users/baohu/OneDrive/PhD Master/PhD Tinh/1. Huong dan Tinh sau
cung/Data")
# Enter daaaset t
t <- read.table("tAll.txt", header=T,sep="\t",stringsAsFactors = FALSE)
# Install.packages(*ggplot2")
library(ggplot2)
library(nlme)
library(cowplot)
library(gridExtra)
# Developing model:
start <- coefficients(Im(log(AGB)~log(D)+log(H)+log(WD), data=t))
names(start) <- c("a","b","c","d")
start[1]<-exp(start[1])
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Max_like <- nlme(AGB~a*D"b*H c*WDAd, data=cbind(t,g="a"), fixed=a+b+c+d~1,
start=start, groups=~g, weights=varPower(form=~D))
# Model summary:
summary(Max_like)
# The end

3.6.1.7 Ky thudt thiét lgp hé théng mé hinh sinh khoi dwéi anh huong ciia
cac nhan 16 sinh thai méi truong rimg
Tich lity sinh khdi cdy rimg chiu anh hudng cta cac nhan t6 sinh thai moi
truong rimg, vi vy ngodi viée 1ap quan hé sinh khéi v6i cac bién s ciy rimng
thi cAn xem xét anh hudng cta cac nhan t6 méi trudong 1én mo hinh dé ting do
chinh x4c ctia wéc tinh sinh khdi, carbon ctia mé hinh.
C6 hai tiép can dé thiét 1ap cac mé hinh sinh khdi bao gdm cac nhén t6
sinh thai moéi truong
i) Phwong phdp xem xét anh hwong tirng nhdn té sinh thai méi truong
rieng 1én m0 hinh sinh khoi
Céc nhan t6 sinh thai moi truong va 1am phan bao gom céc chi tiéu khi
hau, dat dai, dia hinh, dic diém 1am phﬁn 6 su bién dong & cac 6 mau khac
nhau duoc nghién ciru anh hudng ngiu nhién (random effect) dén moé hinh
sinh khoi
Ap dung kiéu dang md hinh Power tong quat nhu sau (Huy va ctv, 2016a,
b, c; Kralicek va ctv, 2017):
Yij=(a+a;)x Xs.j(‘8+ Pa) 4 &ij (3.14)

8;_}"‘“-' iid N(O,GZ) (315)
Trong d6 Y; 1a Bst, Bba, Bbr, Bl, AGB (kg) ing v6i cy thir j trong cép
nhan t6 i cia cac yéu t6 sinh thai moi trudng anh huong ngau nhién; a va B 1a

tham s ciia md hinh; a; va b; 1a thay doi cta tham sd theo cép i; X; la cac
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bién s6 D (cm), H (m), WD (g/cm?®), hoic t6 hop bién dai dién cho thé tich
cay: D?H hoic td hop bién dai dién cho sinh khéi: D2HWD tmng véi cdy tht j

trong cap nhan t0 1; va &; 1a sai sO ngau nhién Umg voi cdy tha j va cap nhan

t6 i; bién trong s6 12 1/X?, véi X=D hodc D*H hoic D2HWD) va ¢ 1a hé s cua
ham phuong sai.

St dung phuong phap phi tuyén co trong sd va xét anh hudng ngiu
nhién ctia cac nhan td (random effects) dén mé hinh theo phuong phap
Maximum Likelihood (Weighted Non-Linear Mixed Models with random
effects fit bay Maximum Likeliohood) va tham dinh chéo K-Fold dé danh gia
c6 hay khong sy anh huong cia ting nhén t6 1én mé hinh sinh khéi. Sau day

1a minh hoa Codes chay trong R

Codes chay trong R dé 1ap mé hinh sinh khéi AGB = a x D° x H¢ x WD¢ theo
phuong phap (Weighted Non-linear Mixed Effects with random effect fit by
Maximum Likelihood) va tham dinh chéo K-Fold (K=10), sau d6 sir dung toan
b6 dit liéu dé woc tinh cac tham sb ciia md hinh

1) Thiét 1ap va tham dinh chéo K-Fold

# Erase memory

rm(list=Is())

# Clean plot window

dev.off()

# Define the working directory

setwd(""C:/Users/baohu/OneDrive/PhD Master/PhD Tinh/1. Huong dan Tinh sau
cung/Data")

# Import data

t <- read.table("tAll.txt", header=T,sep="\t",stringsAsFactors = FALSE)

# Install.packages("ggplot2")

library(ggplot2)

library(nlme)

library(cowplot)

library(gridExtra)

# K-Fold Cross validation

# Create 10 equally size folds

t <- t[sample(nrow(t)),]

folds <- cut(seq(1,nrow(t)),breaks=10,labels=FALSE)
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AIC =rep(0, 10)
R2adj = rep(0, 10)
Bias = rep(0, 10)
RMSE =rep(0, 10)
MAPE = rep(0, 10)
# Perform 10 fold cross validation:
for(i in 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, ]
# Random Effects Modeling:
start <- coefficients(Im(log(AGB)~log(D)+log(H)+log(WD), data=t_eq))
names(start) <- c("a","b",’c”,”d”)
start[1]<-exp(start[1])
Max_like <- nlme(AGB~a*D"b*H c*WD"d, data=t_eq, fixed=a+b+c+d~1,
random=a~1, start, groups=~Region_simple, weights=varPower(form=~D))
# Estimated values and Predicted:
k <- summary(Max_like)$modelStruct$varStruct[1]
t_eq$Max_like.fit <- fitted.values(Max_like)
t_eq$Max_like.res <- residuals(Max_like)
t_eq$Max_like.res.weigh <- residuals(Max_like)/t_eq$D"k
# Calculation 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$AGB)-1)/(length(t_eq$AGB)-5-1)
R2adj[i] <- R2.adjusted
# Prediction of the model for validation
n_va$Pred <- predict(Max_like, newdata=n_va)
# Calculation of RMSE, Bias, MAPE% each time:
Bias[i] = 100*mean((n_va$AGB - n_va$Pred)/n_va$AGB)
RMSE[i] = 100*sgrt(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)
¥
[
# Parameters and rank of parameters
fixef( Max_like)
ranef( Max_like)
coef(( Max_like))
coef(summary( Max_like))
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# Output last model:

summary(Max_like)

# Mean of AIC, R2adj]

mean(AIC)

mean(R2ad))

# Mean of RMSE, Bias, MAPE%:

mean(Bias)

mean(RMSE)

mean(MAPE)

# The end

2) Uoc lugng tham s6 ctia md hinh theo cac nhan t6 sinh thai anh huong
# Erase memory

rm(list=1s())

# Clean plot window

dev.off()

# Define the working directory

setwd(""C:/Users/baohu/OneDrive/PhD Master/PhD Tinh/1. Huong dan Tinh sau
cung/Data")

# Import data

t <- read.table("tAll.txt", header=T,sep="\t",stringsAsFactors = FALSE)
# Install.packages("ggplot2")

library(ggplot2)

library(nlme)

library(cowplot)

library(gridExtra)

# Random Effect Modeling

start <- coefficients(Im(log(AGB)~log(D)+log(H)+log(WD), data=t))
names(start) <- c("a","b","c","d")

start[1]<-exp(start[1])

Max_like <- nlme(AGB~a*D"b*H" c*WD"d, data=t, fixed=a+b+c+d~1, random=a~1,

start=start, groups=~Region_simple, weights=varPower(form=~D))

# Output of Model

summary( Max_like )

k <- summary(Max_like)$modelStruct$varStruct
# Parameters and random parameters
fixef( Max_like)

ranef( Max_like )

coef( Max_like)

coef(summary( Max_like ))
# Standardized Sdi = ai / Si > Si = ai / Sdi > SEi = Si/sqrt(ni)
# Sdi for ai, bi: Sdi = ai, bi / Si
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Sdi = ranef( Max_like , standard= TRUE)

Sdi

# Standard Deviation: Si = ai, bi / Sdi:

Si = ranef( Max_like )/Sdi

Si

# SE for ai, bi: SEi = Si / sqrt(ni)

SEi = Si/sqrt(table(t$ Region_simple ))

SEi

table(t$Region_simple )

# Fittied values of the model

t$ Max_like.fit <- fitted.values( Max_like )

t$ Max_like.res <- residuals( Max_like )

t$ Max_like.res.weigh <- residuals( Max_like )t$D”k

# Plot: Observed/Fitted for Classes

p <- ggplot(t)

p <- ggplot(t, aes(y=Max_like.fit, x=AGB , pch= Region_simple, cex = 0.2))
p <- p + geom_abline(intercept = 0, slope = 1, col="black", cex=1.5)
p <- p + geom_point(pch=19,cex=0.2)

p <- p + facet_wrap(~ Region_simple )

p <- p + ylab("AGB udc tinh qua m6 hinh (kg)")+ xlab("AGB quan sat (kg)") +
theme_bw/()

p <- p + labs(title =)

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(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 +ylim(0,1700)

p =p + xlim(0,1700)

p <- p + theme(legend.position="none") # Delete Legend #

p
# The end

i) Phwong phdp xem xét anh hwéng tong hop cdc nhdn t6 sinh thai
méi trwong rieng 1én mé hinh sinh khoi
Céac yéu to sinh thai moi truong rimg twong tac véi nhau va c6 anh

huong tong 1én qua trinh tich Iy sinh khdi, carbon ciy ring. Trong trudng
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hop nay, dang mé hinh sinh khéi bao gdm hai thanh phan nhu sau (Lessard va
ctv, 2001):
BIOMASS MODEL = AVERAGE x MODIFIER (3.16)

Trong do6:
- BIOMASS MODEL: M6 hinh sinh khéi
- AVERGE = Y¥; = a X X;” + &;, md hinh sinh khdi trung binh duoc lya

chon qua tham dinh chéo K-Fold

- MODIFIER = exp(nhan t6 sinh thdi, méi triwong, 1am phan i — gia tri
trung binh cua tizng nhan té i), mo hinh diéu chinh gi4 tri du doan sinh khdi
khi cac nhan té sinh thai, méi truong va 1am phan thay ddi so véi trung binh
caa no.

Pé thiét 1ap mo hinh nay, wéc lwong md hinh phi tuyén tinh co trong 6
theo phuong phap Maximum Likelihood (Weighted Non-Linear Fixed
Models fit by Maximum Likelihood). Codes chay R minh hoa dudi day.

Codes chay trong R dé 1ap m6 hinh sinh khdi xét anh hudng téng hop cac nhan t6
sinh thai moi trudng rung:
AGB==Y; = a X XJ,-’? x exp(nhan to sinh thdi méi truong rimg i — gia tri

trung binh cua tirng nhan té i)

theo phuong phap (Weighted Non-linear Fixed Effects fit by Maximum
Likelihood) va tham dinh chéo K-Fold (K=10), sau d6 st dung toan b dir liéu dé
udc tinh cac tham sé ctia md hinh

1) Thiét 1ap va tham dinh chéo md hinh

# Erase memory

rm(list=Is())

# Clean plot window

dev.off()

# Define the working directory

setwd("C:/Users/baohu/OneDrive/PhD Master/PhD Tinh/1. Huong dan Tinh sau
cung/Data")

# Import data

t <- read.table("tAll.txt", header=T,sep="\t",stringsAsFactors = FALSE)
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# Install.packages("ggplot2")

library(ggplot2)

library(nlme)

library(cowplot)

library(gridExtra)

# K-Fold Cross validation

# Create 10 equally size folds

t <- t[sample(nrow(t)),]

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)

MAPE = rep(0, 10)

# Perform 10 fold cross validation:

for(i in 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, ]

# Model = Average * Modifier:
start = ¢(-2.12, 2.39, 1.10,-0.008, -0.023)
names(start) <- c("a","b","d","b2","b3")

Max_like <- nime(AGB ~ a*D"b*WD"d* exp( b2* (Rain_annual - 1502) + b3*(BA -
12.62) ), data=cbind(t_eq, g="a"), fixed=a+b+d+b2+b3~1, start=start, groups=~g,
weights=varPower(form=~D))

# Estimated and Predicted values:

k <- summary(Max_like)$modelStruct$varStruct[1]

t_eq$Max_like.fit <- fitted.values(Max_like)

t_eq$Max_like.res <- residuals(Max_like)

t eq$Max_like.res.weigh <- residuals(Max_like)/t_eq$D”k

# Calculationof of AIC, R2

AIC[i] <- AIC(Max_like)

R2 <- 1- sum((t_eq$AGB - t_egq$Max_like.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)-6-1)

R2adj[i] <- R2.adjusted

# Prediction of the model for validation

n_va$Pred <- predict(Max_like, newdata=chind(n_va,g="a"))

# Calculation of RMSE, Bias, MAPE% each time:

Bias[i] = 100*mean((n_va$AGB - n_va$Pred)/n_va$AGB)
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RMSETi] = 100*sqrt(mean(((n_va$AGB - n_va$Pred)/n_va$AGB)"2))
MAPE[i] = 100*mean(abs(n_va$AGB - n_va$Pred)/n_va$AGB)
¥
[
# Mean of AIC, R2 adj.:
mean(AIC)
mean(R2ad))
# Mean of RMSE, Bias, MAPE%:
mean(Bias)
mean(RMSE)
mean(MAPE)
# Output of model:
summary(Max_like)
2) Udc lugng cac tham s6 mé hinh véi toan bd dit lidu, v& dd thi
# Erase memory
rm(list=Is())
# Clean plot window
dev.off()
# Define the working directory
setwd("C:/Users/baohu/OneDrive/PhD Master/PhD Tinh/1. Huong dan Tinh sau
cung/Data")
# Import data
t_eq <- read.table("tAll.txt", header=T,sep="\t",stringsAsFactors = FALSE)
# Install.packages("ggplot2")
library(ggplot2)
library(nlme)
library(cowplot)
library(gridExtra)
# Modeling
start = ¢(-2.12, 2.39, 1.10,-0.008, -0.023)
names(start) <- c("a","b", "d","b2","b3")
Max_like <- nime(AGB ~ a*D"b*WD"d* exp( b2* (Rain_annual - 1502) + b3*(BA -
12.62) ), data=cbind(t_eq, g="a"), fixed=a+b+d+b2+b3~1, start=start, groups=~g,
weights=varPower(form=~D))
# Estimated and Predicted values:
k <- summary(Max_like)$modelStruct$varStruct[1]
t_eq$Max_like.fit <- fitted.values(Max_like)
t_eg$Max_like.res <- residuals(Max_like)
t eq$Max_like.res.weigh <- residuals(Max_like)/t_eq$D”k
# Output of model:
summary(Max_like)
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# Plot of Observed/Fitted

pl <- ggplot(t_eq)

pl <- pl + geom_point(aes(y=Max_like.fit, x=AGB), cex = 2)

pl <- pl + geom_abline(intercept = 0, slope = 1, col="black", cex=1.5)
pl <- pl + xlab("AGB quan sat (kg)") + ylab("AGB udc tinh qua md hinh (kg)™) +
theme_bw()

pl <- pl + labs(title ="")

pl = pl + theme(axis.title.y = element_text(size = rel(1.7)))

pl = pl + theme(axis.title.x = element_text(size = rel(1.7)))

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 =pl + ylim(0,1500)

pl =pl + xlim(0,1500)

pl

# Plot of Weighted Residuals / Fitted

p2 <- ggplot(t_eq)

p2 <- p2 + geom_point(aes(x=Max_like.fit, y=Max_like.res.weigh), cex = 2)
p2 <- p2 + geom_line(cex = 1.5, aes(x=Max_like.fit, y=0))

p2 <- p2 + xlab("AGB udc tinh qua md hinh (kg)") + ylab("Sai s6 cso trong s (kg)") +
theme_bw()

p2 <- p2 + labs(title =)

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 + ylim(-0.05, 0.05)

p2 = p2 + xlim(0,1500)

p2

plot_grid(pl, p2, ncol = 2)

# The end

Str dung mo hinh dudi day dé udc tinh AGB chung cho céc lodi ciy rimg
khop trong d6 co su tham gia diéu chinh dé ting d6 tin ciy udc tinh AGB cua
hai nhan t6 sinh thdi moi trudng rimg la lwong mua trung binh nam (P,

mm/nam) va téng tiét dién ngang 1am phan (BA, m?/ha)
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AGB = 0,127751 x D2460833 »x \WD 0978793 xexp( - 0,000645 x (P - (3.17)
1.502) - 0,008556 x (BA - 12,62))
3.6.1.8 Ky thudt thiét ldp dong thoi hé théng mé hinh sinh khéi cdy rimg theo
SUR
Két qua nghién ctru di cho thiy thiét 1ap hé thdng ddng thdi cac mo hinh
sinh khéi bo phan Bst, Bbr, Ble, Bba va AGB theo phuong phap Seemingly
Unrelated Regression — SUR di xem xét méi quan hé qua lai gitta cac thanh
phan sinh khdi cay rimg, do d6 di cai thién do tin cdy cta udc luong tong
sinh khdi cay trén mit dat AGB so voi phuong phap thiét 1ap roi rac, doc 1ap
cac mo hinh sinh khéi bo phan va tong AGB.
Str dung hé théng mo hinh sau day dé uéc tinh dong thoi sinh khoi cay
rung khop theo SUR va theo hé théng phan loai thuc vat:
Pbi vi chung céc loai va ho dau chiém uu thé Dipterocarpaceae:
AGB = f(Bst + Bbr + Ble +Bba) = a;xDP!!xHP2x\WDPL3 + a,x D2t
+ a;xDP! + g,x Db (3.18)
Déi véi chi thue vat wu thé Dipterocarpus va Shorea:
AGB = f(Bst + Bbr + Ble +Bba) = a;xD"!! + a;xDP?! + a;xDP! (3.19)
+ a, X Db41
Céc tham sb ctia hé thong cac md hinh nay duoc trinh bay trong Bang 3.7

Sau day la codes dé 1ap dé thuc hién hé thong mo hinh nay trong SAS

Codes dé thiét 1ap dong thoi hé théng mé hinh sinh khdi theo SUR va tham dinh chéo
K-Fold chay trong phan mém SAS
Hé thong mo hinh chung céc loai rimg khop:
AGB = f(Bst + Bbr + Ble +Bba) = a;xDP!xHP2xWDP13 + g,xDP?! + a3x D3 +
asx Db41
1) Thiét 1ap va tham dinh cheo hé¢ thong mé hinh theo SUR
dm'log;clear;output;clear’;
options pageno=1 nodate nocenter;
/* Create a path to the folder to get input file and write the output to */
%let infile_path = C:\Users\baohu\OneDrive\l - Article Dip Forest\SAS Scripts for
SUR\;
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%let outfile_path = C:\Users\baohu\OneDrive\l - Article Dip Forest\SAS Scripts for
SUR\;
/* Ensure no dataset exists globaly with name we will append TBwts results to */
proc datasets library = work nodetails nolist;
delete B_AGB;
run;
quit;
/* Code to load 10 random datasets for DF and EBLF -- datasets generated from script
Generate_Random_200_datasets */
data B;
infile "&infile_path.Mix2.csv" dim="," firstobs=2 dsd truncover;
input Selected Plot_ID$ ID$ Tree ID$ FT$ D H WD Bst Bbr Ble Bba AGB D2H
D2HWD simNum;
keep Selected D H WD Bst Bbr Ble Bba AGB D2H D2HWD simNum;
run;
I* Repeat model fitting and validation statistic calculation 200 times */
%macro runit_varl(eq_num=);
/* Step 1: Subset testing (validation) and training data (model fitting) */
data B_train; set B;
if Selected = 1;
run;
data B_test; set B;
if Selected = 0;
run;
/[* Step 2: Fit sur weighted nls models:
proc model data=B_train NOPRINT;
by simNum;
parms a1=0.032 b11=2.305 b12=0.506 b13=0.796
a2=0.007 b21=2.846
a3=0.019 b31=1.884
a4=0.039 b41=2.216;
Bst = al*(D**b11)*(H**b12)*(WD**b13);
h.Bst = 1/D;
Bbr = a2*(D**b21);
h.Bbr = 1/D**-1;
Ble = a3*(D**b31);
h.Ble = 1/D**2;
Bba = a4*(D**b41);
h.Bba = 1/D**-2;
AGB = al*(D**bl1l)*(H**b12)*(WD**b13) + a2*(D**b2l) + a3*(D**b3l) +
ad*(D**h41);
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h.AGB = 1/D**-1,;

fit Bst Bbr Ble Bba AGB / sur outest = B_est
run;
/* Step 3.1: Calculate summary statistics for each for each estimate */
data B_Pred; merge B_test B_est;

by simNum;

pBst = al*(D**b11)*(H**b12)*(WD**b13);

pBbr = a2*(D**b21);

pBle = a3*(D**b31);

pBba = a4*(D**b41);

pAGB = al*(D**bll)*(H**b12)*(WD**b13) + a2*(D**b21)+ a3*(D**b3l) +
ad*(D**b41l);

RelDif_Bst = (Bst - pBst)/Bst;

RelDif_Bbr = (Bbr - pBbr)/Bbr;

RelDif_Ble = (Ble - pBle)/Ble;

RelDif_Bba = (Bba - pBba)/Bba;

RelDif AGB = (AGB - pAGB)/AGB;

AbsRelDif_Bst = abs(Bst - pBst)/Bst;

AbsRelDif_Bbr = abs(Bbr - pBbr)/Bbr;

AbsRelDif_Ble = abs(Ble - pBle)/Ble;

AbsRelDif_Bba = abs(Bba - pBba)/Bba;

AbsRelDif AGB = abs(AGB - pAGB)/AGB;

RelDif2_Bst = RelDif_Bst**2;

RelDif2_Bbr = RelDif_Bbr**2;

RelDif2_Ble = RelDif_Ble**2;

RelDif2_Bba = RelDif_Bba**2;

RelDif2_AGB = RelDif AGB**2;

run;
[* Step 3.2: aggregate summary statistics to a per simulation level */
proc summary data = B_Pred mean NOPRINT,;

by simNum;

var RelDif_Bst RelDif Bbr RelDif Ble RelDif_Bba RelDif AGB

AbsRelDif_Bst AbsRelDif_Bbr AbsRelDif_Ble AbsRelDif Bba AbsRelDif AGB
RelDif2_Bst RelDif2_Bbr RelDif2_Ble RelDif2_Bba RelDif2_AGB,;
output out = B_Results
mean = pbias_Bst pbias_Bbr pbias_Ble pbias_Bba pbias_ AGB
mape_Bst mape_Bbr mape_Ble mape_Bba mape_AGB
mspe_Bst mspe_Bbr mspe_Ble mspe_Bba mspe_AGB,;

run;
[* Step 3.3: get rmspe -- couldn't figure out how to get it in the proc summary/ proc
means step */
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data B_Results; set B_Results;
by simNum;
rmspe_Bst = sqrt(mspe_Bst);
rmspe_Bbr = sqrt(mspe_Bbr);
rmspe_Ble = sqrt(mspe_Ble);
rmspe_Bba = sqrt(mspe_Bba);
rmspe_AGB = sqrt(mspe_AGB);
run;
[* Step 3.4: take mean of PbiassMAPE/RMSPE across 10 simulations */
proc summary data = B_Results mean NOPRINT;
var pbias_Bst pbias_Bbr pbias_Ble pbias_Bba pbias. AGB
mape_Bst mape_Bbr mape_Ble mape_Bba mape_AGB
rmspe_Bst rmspe_Bbr rmspe_Ble rmspe_Bba rmspe_AGB;
output out = B_Results
mean = pbias_Bst pbias_Bbr pbias_Ble pbias_Bba pbias_ AGB
mape_Bst mape_Bbr mape_Ble mape_Bba mape AGB
rmspe_Bst rmspe_Bbr rmspe_Ble rmspe_Bba rmspe_AGB
nmiss(pbias_AGB) = N_convg;
run;
[* Step 3.5: multiply results by 100 for percentage */
data B_Results; set B_Results;
pbias_Bst = pbias_Bst *100;
mape_Bst = mape_Bst *100;
rmspe_Bst = rmspe_Bst *100;
pbias_Bbr = pbias_Bbr *100;
mape_Bbr = mape_Bbr *100;
rmspe_Bbr = rmspe_Bbr *100;
pbias_Ble = pbias_Ble *100;
mape_Ble =mape_Ble *100;
rmspe_Ble = rmspe_Ble *100;
pbias_Bba = pbias_Bba *100;
mape_Bba = mape_Bba *100;
rmspe_Bba = rmspe_Bba *100;
pbias_ AGB = pbias_ AGB *100;
mape_AGB =mape_ AGB *100;
rmspe_AGB =rmspe_AGB *100;
run;
[* Step 4: create name column in dataset */
data B_Results; set B_Results;
fname ="&eq_num.";
run;
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[* Step 5: Export results as .csv file */
proc append base= B_AGB data= B_Results FORCE;
run;
%mend runit_varl;
%runit_varl(eq_num=el);
I* AGB: Export results as .csv file*/
proc export data =B_AGB
outfile = "&outfile_path.B_AGB.csv";
run;
2) U luong cac tham sé theo SUR véi toan bo dit licu
dm'log;clear;output;clear’;
options pageno=1 nodate nocenter;
/* Create a path to the folder where *.csv data is stored */
%let infile_path = C:\Users\baohu\OneDrive\l - Article Dip Forest\SAS Scripts for
SUR\;
data AllData;
infile "&infile_path.Mixed.csv" dim=";" firstobs=2 dsd truncover;
input Plot_ID$ ID$ Tree_ID$ FT$ D H WD Bst Bbr Ble Bba AGB D2H D2HWD;
run;
proc model data=AllData;
parms a1=0.032 b11=2.305 b12=0.506 b13=0.796
a2=0.007 b21=2.846
a3=0.019 b31=1.884
a4=0.039 b41=2.216;
Bst = al*(D**b11)*(H**b12)*(WD**h13);
h.Bst = 1/D;
Bbr = a2*(D**b21);
h.Bbr = 1/D**-1;
Ble = a3*(D**b31);
h.Ble = 1/D**2;
Bba = a4*(D**b41);
h.Bba = 1/D**-2;
AGB = al*(D**bll)*(H**b12)*(WD**b13) + a2*(D**b2l) + a3*(D**b3l) +
ad*(D**h41);
h.AGB = 1/D**-1,
fit Bst Bbr Ble Bba AGB / sur outest = AllData_est;
run;
quit;
proc print data = AllData_est;
run;
*/ The end */
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3.6.2 Ung dung hé thong mé hinh sinh khéi @é woc tinh carbon tich liy va

CO2 twong dwong cho lim phan

Vi bé chira carbon trong cay gb trén mit dit 1a quan trong nhat trong 5
bé chtra carbon rung (IPCC, 2006), do do can tap trung thiét 1ap cadc mo hinh
wdc tinh sinh khéi cho cdy rimg. Trén co s& hé théng mé hinh sinh khéi da
thiét lap, tién hanh diéu tra rung trén hé théng 6 mau dé xac dinh lugng
carbon va tinh toan phat thai/hap thu CO, tuong dwong cua khu rimg. Gom
cac buoc sau (Bao Huy 2017a):

i) Xac dinh dién tich rimg ving khdo sat: Thu thap ban d6 hién trang rimg
hién c6, néu chua c6 thi can tién hanh, tt nhat 13 thiét lap tir anh vién tham
thich hop v&i ngudn lyc. Tir ddy c6 duoc ban do va dién tich rimg, dién tich
C4C trang thai rimg can thu thap dit liéu sinh khéi, carbon.

i) Bé tri hé thong 6 mau: Xac dinh hinh dang, kich thuéc, sb luong 6 mau
g sai s6 cho trudc trong ude tinh sinh khéi va carbon rung 1a 10% (IPCC,
2006) va bd tri 6 mau thdng nhat bao gdm: Ngau nhién, hé thdng, theo cum
hodc dién hinh; trong d6 b tri 6 mau ngau nhién 13 khach quan nhat.

iii) Thu thdp sé liéu trén 6 mau theo cdc bién s6 dau vdo ciia cdc mé hinh
sinh khéi lia chon sir dung:

Tuy theo mé hinh sinh khdi st dung ¢ bién sb dau vao nao ma chon bién
s6 do tinh trong 6 mau cho phu hop. Thong thudng trong 6 miu can do cac
bién s6 pho bién D, H, xac dinh loai. Néu sir dung mé hinh udc tinh sinh khéi
c6 bién sd doc 1ap WD, thi bién nay khong can do tinh trén hién truong ma s&
sir dung gia tri WD trung binh cta loai trong co so dir liéu WD qudc gia va
ciia IPCC (2006) hodc ICRAF ciing c6 mot web site cung cap gia tri WD
trung  binh  cho  nhiéu  loai cdy rung  nhiét  déi

(http://db.worldagroforestry.org/wd). Cac danh sach WD nay coé thé duoc


http://db.worldagroforestry.org/wd
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tham khao trong tng dung cac mé hinh uéc tinh sinh khéi va carbon cay g ¢
Viét Nam khi chua c6 day du dit liéu WD cho tat ca cac loai cay go.

Dbi voi chung cac loai rimg khop, hé thng md hinh sinh khdi theo
SUR:
AGB = f(Bst + Bbr + Ble +Bba) = 0,02055 xD?%24 xH059142
x\WD06%0 + 000669 xD?872 + (0,03701 xD180% + (0,01541 (3.20)
x 243959

Truong hop sit dung md hinh udc tinh dong thoi sinh khdi chung cho
cac loai cay rimg khop thi trong 6 mau can do D, H va mdi loai xac dinh WD
theo mot trong cac nguon di dan trén.

Péi véi chi Dipterocarpus, hé thdng mé hinh sinh khdi theo SUR:
AGB = f(Bst + Bbr + Ble +Bba) = 0,01831 xD?7%%! + (0,00481 (3.21)
xD296217 4 () 08921 xDL43840 4+ (0 00116 xD319340

Péi voi chi Shorea, hé thdng md hinh sinh khi theo SUR:
AGB = f(Bst + Bbr + Ble +Bba) = 0,03925 xD?4"118 + (,02130 (3.22)
xD249004 4 () 05119 xDL50629 4 () 31967 x DL47380

Trudng hop st dung hé thong mé hinh sinh khdi dong thoi theo SUR cho
ting chi wu thé, thi can xac dinh loai thudc chi nao va chi do D.
Truong hop mudn ting d6 tin cdy trong wéc tinh AGB chung cac loai rimg

khop, stt dung m6 hinh diéu chinh wéc tinh sinh khdi theo cac nhan td sinh
thai méi trudng, két qua & rimg khdp cho mo hinh c6 hai nhéan t6 anh huéng

la P va BA nhu sau:

AGB = 0,127751xD?246%833 x \WD0.8787%3 x exp( -0,000645 x (P -

(3.23)
1.502)-0,008556 x (BA - 12,62))

Luc nay trong 6 chi do D, sau do suy ra BA, chi tiéu P duoc léy tr mot

tram khi twong thily van gan nhat va phu hop.
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iv) Sir dung cac mé hinh dé woc tinh sinh khai va suy ra carbon cho 1am
phan:

Tir s6 lidu diéu tra trong hé thong 6 mau, sir dung hé théng cac mo hinh
sinh khdi noi trén dé wéc tinh sinh khéi va suy ra carbon va CO; twong duong
cho cdy rimg ¢ timg 6 mau, sau d6 wéc tinh cho 1am phan. Trén co s& wdc
tinh sinh khdi théng qua md hinh, lwong carbon tich liiy va CO, tuong duong
cdy ring hap thu dugc tinh toan thong qua hé sé chuyén do6i nhu sau:

Carbon = 0,47x Sinh khdi (IPCC, 2006, Bao Huy, 2013b)

CO; twong duong = 3,67 x Carbon

V)Tinh toan thay déi tri¢ lwong carbon theo mét trong hai phwrong phdp
ciia IPCC (2006):

- Phuong phap thay ddi bé chia carbon (Stock diference method):

Trong trudng hop nay dya vao lan diéu tra do tinh trir lugng carbon & cac bé

chua, tinh toan duoc tang giam binh quéan cua Iuwong carbon theo cong thuc

sau:

Cr, —C 3.24

ACB — I:2 I:1 ( )
- Phuong phap tang giam bé chua carbon (Gain-loss method): Truong

hop nay can cé gia tri ting giam binh quan hang nam cua sinh khéi/carbon

theo cbng thuc sau:

Trong do:
- ACg: Thay dbi sinh khdi, carbon ring
- Cqi: Sinh khdi/carbon ¢ thoi diém i: 1 hoac 2
- ti: Thoi diém i do tinh

- ACg: Tang trudng hang nam sinh khdi/carbon
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- ACL: Suy giam hang nim sinh khéi/carbon

Nhu vay dé tinh duwoc phat thai hoic hap thu CO, ring (Emision
Factor), can xac dinh duoc luong carbon & trong cac bé chira & cac thoi diém,
trong do tap trung phan trén mit dat cua cay gd cho ting loai trang thai rimng,
chung can dugc tinh toan qua cac ham sinh khéi (allometric equations). Két
hop Véi su bién ddi dién tich ring (Activity Data) s& chi ra dugc lugng phat
thai hozc hap thu CO, trong tirng khu vuc va trén toan lanh thé mot quéc gia
(IPCC, 2006) (Hinh 3.9).
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Hinh 3.9. Tiép can caa IPCC (2006) dé tinh toan phat thai/hap thu khi nha
kinh trong lIam nghiép
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CHUONG 4. KET LUAN, TON TAI VA KIEN NGHI
4.1 Két luan

i) Lira chon phwong phdp thiét ldp va tham dinh chéo mé hinh sinh khoi
cay rung.

Pbi v6i ham sinh khéi dang ham mii (Power), udc luong mo hinh phi
tuyén co trong sé theo phuong phap hop 1y cuc dai (Weighted Non-Linear
Model fit by Maximum Likelihood) c6 d6 tin cay t6t hon phuong phap truyén
thong 14 tuyén hoa thong qua logarit va 4p dung phuong phéap binh phuong tdi
thiéu khong co trong sb.

Phuong phép tham dinh chéo K-Fold véi K = 10 cung cép sai sé khach
quan va on dinh ctia cac md hinh sinh khéi.

i) Hé thong mé hinh sinh khéi cdy rimg khdp theo hé thong phan loai
thwee vit dp dung phwong phdp thiét ldp mé hinh déc Idp.

Str dung udc lwong mé hinh phi tuyén cé trong s6 theo phuong phéap hop
ly cuc dai (Weighted Non-Linear Fixed Model fit by Maximum Likelihood)
d3 thiét 1ap, tham dinh chéo K-Fold va lya chon duogc cac dang hé thong md
hinh sinh khéi doc 14p theo hé théng phan loai thuc vat rimg khop:

Péi voi moé hinh chung cac loai ring khép va ho wu thé
Dipterocarpaceae, hé théng mé hinh doc 1ap bao gom: Bst = a x DP x H® x
WDY, Bbr = a x DP, Ble = a x D®, Bba = a x D? vd AGB = a x D" x H¢ x
wD¢

Péi véi hai chi vu thé 1a Dipterocarpus va Shorea va bon loai vu thé 1a
Dipterocarpus tuberculatus Roxb., Dipterocarpus obtusifolius Teijsm. EX
Mig., Shorea obtusa Wall., Shorea siamensis Mig. thi hé thong md hinh doc
1ap chi c6 mot bién D bao gém: Bst = a x D°, Bbr = a x DP, Ble = a x D,
Bba =a x D’ va AGB =a x D",



131

iii) Hé thong mé hinh woc tinh dong thoi sinh khoi theo SUR va so sénh
vé&i phwong phdp thiét lgp mé hinh doc ldp.

Hé thdng mé hinh uéc tinh cac sinh khdi thanh phan Bst, Bbr, Ble, Bba
va AGB ddng thoi theo phuong phap SUR trong rimg khop co do tin cay cao
hon déng ké so v6i cdc md hinh dugc phat trién riéng biét, doc 1ap nhu truyén
théng. C4c dang cta hé thong md hinh wéc tinh dong thoi AGB va cac thanh
phﬁn cta n6 duogc thiét lap va Iua chon theo phan cép phan loai thyc vat rung
khop va cu thé nhu sau:

Déi vé6i chung loai va ho chiém wu thé Dipterocarpaceae:

AGB = f(Bst, Bbr, Ble, Bba) = a;xD"!xHP2xWDPb3 + a,xD"! +
asxDM3! + g,x Db

Déi véi chi thuc vat wu thé Dipterocarpus va Shorea:

AGB = f(Bst, Bbr, Ble, Bba) = a;xDP!! + a,xD"?! + azxDP3! + g,xDP*

iv) Anh hwéng cia cdc nhan t6 sinh thai méi truong risng, lam phéan dén
mo hinh woc tinh AGB cdy rung khop

Xét timg nhan to sinh thai moi trudng rimg, 1dm phan riéng 18 khong cho
thdy su anh huéng ciia né 1én mo hinh sinh khbi AGB chung cac loai rimg
khop.

Véi dang m6 hinh AGB = AVERAGE x MODIFIER, trong d6 AGB duogc
diéu chinh theo cic nhan té sinh thai moi truong va 1am phan di cai thién 16
rét so véi md hinh AGB khong c6 sy tham gia ctia cac nhan t6 ndy. Lua chon
dugc mo hinh udc tinh AGB véi sy tham gia ctia hai nhan t5 1a: AGB = a x
DPx WD? xexp( + b,x (P - 1.502) + bzx (BA - 12,62))

V) M6 hinh sinh khéi chung cho ving nhiét déi hay cho timg ving sinh
thai theo hé théng phan loai thyc vat vu thé rung khop

M0 hinh AGB chung céc loai rimg khop véi ba bién s6 dau vao D, H va

WD c¢6 thé sir dung chung theo ving nhiét doi. Trong khi d6 mé hinh AGB
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chung loai theo timg vung sinh thai cu thé khong chuyén giao tét cho céc
viing sinh thai khac cho du cung kiéu ring.

Cac mo hinh AGB theo chi thuc vét uu thé rimg khop c6 tmg dung tét &
cac vung sinh thai khac nhau. Cac mé hinh AGB lap theo chi thuc vat s€ cai
thién d6 tin cdy so v6i cac méd hinh AGB chung loai ving nhiét d6i. Dong thoi
cac mo hinh theo chi thyc vat nay ciing sé giam chi phi trong ung dung vi chi
can do ludong mot bién D.

Vi) Cdc két qud nghién ciru cé thé dung thiét Idp va tham dinh chéo hé
thong mé hinh wéc tinh sinh khoi cdy riemg & noi khdc va iing dung trong wéc
tinh sinh khdi carbon ritng khdp trong cdc chwong trinh dy ¢n REDD* khu
viee va quéc gia.

4.2 Ton tai

Nghién ctiru ndy c6 mot s ton tai sau day:

i) Chi méi thiét 1ap hé thong mo hinh sinh khdi cho mot ho dau
Dipterocarpaceae va hai chi Dipterocarpus va Shorea. Trong khi d6 riung
khop con cd mot s6 ho va chi quan trong khac

i) Dit liéu sinh khdi rimg khop thu thap chi méi tap trung & tinh Dak
Lik va mot phan ¢ Binh Thuén. Trong khi d6 rimg khop con c6 phan bd &
tinh Gia Lai.

iii) Chua thim dinh chéo dé danh gia sai s6 cua hé théng md hinh sinh
khéi cay rimg khop & Viét Nam duoc thiét 1ap trong nghién ciru nay o cac
vung rung khop khac trong vung nhiét déi.

4.3 Kién nghi
Tu nhitng tdn tai, c6 céc kién nghi:
1) Can c6 nhing nghién ctru tiép theo dé bd sung dung lugng 14y mau

sinh khéi ¢ nhiéu loai, chi, ho thuc vat khac nhau cua rimng khop, va ¢ cac dia
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phuong khac nhu & tinh Gia lai, Binh Thuan dé ting do chinh xac cua uéc
tinh sinh khéi cho rimg khop Viét Nam.

2) Can bd sung kiém nghiém va thiét 1ap cac md hinh sinh khdi theo
nhiéu nhan t6 sinh thai moi trudng va 1am phan khac dé tang d6 tin cay, giam
sai s6.

3) Tham dinh chéo dé danh gia sai s6 ctua hé thdng mé hinh sinh khéi
cay ring khop duogc thiét 1p va dé xuét trong nghién ctru ndy ¢ c4c ving sinh
thai khac ¢ Viét Nam va trong vung nhiét doi

4) Str dung co so khoa hoc ctia luan an nay dé 1ap va thim dinh chéo mo

hinh sinh khéi cay rimg cho cac d6i tuong rimg khac.



134

DANH MUC CAC CONG TRINH KHOA HQC PA CONG BO CUA
TAC GIA
1. Bao Huy, Nguyen Thi Tinh, Poudel, K.P., Frank, B.M., Temesgen, H.
2019. Taxon-specific modeling systems for improving reliability of tree
aboveground biomass and its components estimates in tropical dry dipterocarp
forests.  Forest Ecology and  Management, 437(2019):  156-174.
https://doi.org/10.1016/j.foreco.2019.01.038. ISI (SCI), IF = 3.601
2. Nguyén Thi Tinh, Bao Huy, Triéu Thi Lang, Tran Dtric Thao 2019. Thiét
lap va tham dinh chéo mé hinh udc tinh sinh khéi trén mat dat chi Dipterocarpus
ctua rung khop Viét Nam. Tap chi Khoa hoc, truong Pai hoc Tay Nguyén, s 37
(2019): 51-65.
3. Nguyén Thi Tinh, Bao Huy. 2020. M6 hinh udc tinh sinh khéi cay ring
khop duoc diéu chinh theo cac nhan t6 sinh thai va moi trudng rimg. Tap chi Khoa

hoc Lam nghi¢p, Vién Khoa hoc Lam nghi€p Viét Nam, ) 4(2020): 79- 89.


https://doi.org/10.1016/j.foreco.2019.01.038

135

TAI LIEU THAM KHAO
Tiéng Vit

1. Pham Tuén Anh va Bao Huy, 2016. M6 hinh udc tinh sinh khéi rimg
str dung bién sb dau vao cong ddng c6 kha ning do dac. Tap chi Nong nghiép
va PTNT, s6 23(2016): 98-107.

2. Tran Van Con, 1991. Kha ning tng dung mo phong toan dé nghién
ctru mot vai dic trung cdu trac va dong thai cua hé sinh thai rimg Khop Tay
Nguyén. Luan an TS. Vién Khoa hoc Lam nghi¢p Viét Nam.

3. Tran Vian Con, 2000. Nghién cttu bd sung nhiam xac dinh mot sb loai
cay trong chinh phuc vu trong ring san xuat vang bac Tay Nguyén. Vién
Khoa hoc Lam nghiép Viét Nam.

4. Vo Pai Hai, 2009. Nghién ciru kha ning hap thy carbon cia ring
trong Bach dan Urophylla ¢ Viét Nam. Tap chi NN & PTNT, sé 1(2009):
102-106.

5. V6 bai Hai, Bang Thinh Triéu, 2012. Nghién ctru kha nang hép thu
carbon cua rirng tu nhién la rong thuong xanh, ban thuong xanh va rung 14 &
Tay Nguyén. Bao cdo khoa hoc dé tai nghién ctru khoa hoc Bo Nong nghiép
va Phat trién Nong thon.

6. Bao Huy, 2012. Xay dung phuong phap giam sat va do tinh carbon
ring co su tham gia cua cong dong ¢ Viét Nam. Tap chi Rung va Moéi trudng,
44 — 45 (2012): 34 — 45,

7. Bao Huy, 2013. Mo hinh sinh tric va vién tham — GIS dé xac dinh
CO, hap thy cua rimg 14 rong thuong xanh ving Tay Nguyén. Nxb. Khoa hoc
va K¥ thuat, Ha No6i, 370 pp.

8. Bao Huy, 2016. Phuong phép thiét 1ap mo hinh udc tinh sinh khdi,

carbon rumg theo kiéu rimg va vung sinh thai: Truong hop rumg 14 rong



136

thudng xanh ving nam trung bo. Tap chi Nong nghiép va PTNT sb 10(2016):
121-130.

9. Bao Huy, 2017a. Phuong phap thiét 14p va thAm dinh chéo moé hinh
udc tinh sinh khdi cy rimg ty nhién. Nha xuat ban khoa hoc va k¥ thuat, 238
trang.

10. Bao Huy, 2017b. Tin hoc théng ké trong 1am nghiép. Nha xuat ban
khoa hoc va k¥ thuat, 282 trang.

11. Nguyén Ngoc Lung, 1989. Piéu tra rimg thong Pinus kesiya Viét
Nam 1am co s& t6 chirc kinh doanh. Luén 4n Tién si khoa hoc. Hoc vién ky
thuat 1am nghiép Leningrad mang tén S.M. Kirov, Leningrad. (Ban dich tiéng
Viét).

12. P4 Pinh Sam, 1986. Nhitng diéu kién 1ap dia chu yéu va su hinh
thanh phat trién rimg Khop ¢ Tay Nguyén. Bao céo khoa hoc, Vién KHLN
Viét Nam.

13. Huynh Nhan Tri, 2014. Xay dung cac co sé khoa hoc va thyc tién
dé giam sat lwong CO, hap thu cua ring 14 rong thudng xanh & Tay Nguyén.
Luan van Tién Si chuyén nganh Lam hoc. Vién Khoa hoc Lam nghi¢p Viét
Nam.

14. Pham COng Tri, 2018. Xac dinh lap dia, trang thai thich hop va ky
thuat 1am giau rimg khop bang cay téch (Tectona grandis L.f.) & tinh Dik
Lak. Luan an TS Khoa hoc Lam nghiép, truong Pai hoc Nong Lam Tp. HCM

15. Thai Van Trung, 1978. Tham thyc vat ring Viét Nam. Nxb. Khoa
hoc va k¥ thuat. Ha Noi, 276 trang.

Tiéng Anh

16. Affleck, D.L.R. and Dieguez-Aranda U., 2016. Additive Nonlinear

Biomass Equations: A Likelihood-Based Approach. For. Sci. 62(2):129-140.



137

17. Appanah S., 1998. Management of Natural Forests. In: (eds)
Appanah S, Turnbull JM. 1998. A Review of Dipterocarp: Taxonomy,
ecology and silviculture. Center for International Forestry Research (CIFOR).
ISBN 979-8764-20-X. p130-149.

18. Appanah, S., Turnbull, JM., 1998. A Review of Dipterocarp:
Taxonomy, ecology and silviculture. Center for International Forestry
Research (CIFOR). ISBN 979-8764-20-X, 220 pp.

19. Basuki, T.M., van Laake, P.E., Skidmore, A.K., Hussin, Y.A,,
2009. Allometric equations for estimating the above-ground biomass in the
tropical lowland Dipterocarp forests. Forest Ecology and Management 257,
1684-1694. DOI 10.1016/j.foreco.2009.01.027

20. Bates, D.M., 2010. Ime4: Mixed-effects modeling with R. Springer,
131 pp.

21. Brown, S. and Iverson, L. R., 1992. Biomass estimates for tropical
forests. World Resources Review 4:366-384.

22. Brown, S., 1997. Estimating biomass and biomass change of
tropical forests: A Primer. FAO Forestry paper. 134 pp. ISBN 92-5-103955-0.
Available at: http://www.fao.org/docrep/W4095E/w4095e00.htm#Contents.

23. Brown, S., 2002. Measuring carbon in forests: current status and
future challenges. Environmental Pollution, 3(116): 363-372.

24. Brown, S., Gillespie AJ.R., and Lugo, A.E., 1989. Biomass
estimation methods for tropical forests with applications to forest inventory
data. For. Sci. 35:881-902.

25. Brown, S., Ilverson, L.R., Prasad, A., 2001. Geographical
Distribution of Biomass Carbon in Tropical Southeast Asian Forests: A
database. ORNL/CDIAC-119, NDP-068. Carbon Dioxide Information



138

Analysis Center, Oak Ridge National Laboratory, TN, USA. 75 pp. doi:
10.3334/CDIAC/lue.ndp068.

26. Cairns, M.A., Olmsted, I., Granados, J., Argaez, J. 2003.
Composition and aboveground tree biomass of a dry semi-evergreen forest on
Mexico’s Yucatan Peninsula. Forest Ecology and Management, 186(2003):
125-132.

27. Chapman, H.H., 1921. Forest Mensuration. John Wiley & Sons,
Incorporated, New Yok, 553 pp.

28. Chave, J., Andalo C, Brown S, Cairns MA, Chambers JQ, Eamus
D, Folster H, Fromard F, Higuchi N, Kira T, Lescure JP, Nelson BW, Ogawa
H, Puig H, Rier B, Yamakura T. 2005. Tree allometry and improved
estimation of carbon stocks and balance in tropical forests. Oecologia 145
(2005): 87-99. DOI 10.1007/s00442-005-0100-X.

29. Chave, J., Mechain, M.R., Burquez, A., Chidumayo, E., Colgan,
M.S., Delitti, W.B.C., Duque, A., Eid, T., Fearnside, P.M., Goodman, R.C.,
Henry, M., Yrizar, A.M., Mugasha, W.A., Mullerlandau, H.C., Mencuccini,
M., Nelson, B.W., Ngomanda, A., Nogueira, E.M., Ortiz-Malavassi, E.,
Pelissier, R., Ploton, P., Ryan, C.M., Saldarriaga, J.G., and Vieilledent, G.
2014. Improved allometric models to estimate the aboveground biomass of
tropical trees. Global change biology, 20(2014): 3177-3190. Doi:
10.1111/gcb.12629.

30. Chave, J., Muller-Landau, H.C., Baker, T.R., Easdale, T.A., ter
Steege, H., Webb, C.O., 2006. Regional and phylogenetic variation of wood
density across 2456 Neotropical tree species. Ecological Applications 16,
2356-2367.



139

31. Chave, J.; Coomes, D.; Jansen, S.; Lewis, S.L.; Swenson, N.G.;
Zanne A.E. 2009. Towards a worldwide wood economic spectrum. Ecology
Letters 12: 351-366. DOI 10.1111/j.1461-0248.2009.01285.x.

32. Davidian, M. and Giltinan, D.M., 1995. Nonlinear Mixed Effects
Models for Repeated Measurement Data, Chapman and Hall. 356 pp.

33. Dietz, J., Kuyah, S., 2011. Guidelines for establishing regional
allometric equations for biomass estimation through destructive sampling.
World Agroforestry Center (ICRAF). Protocol CBP 1.3. Awvailable at
http://reddcommunity.org/sites/default/files/field/publications/allometry2013.
pdf.

34. Dutca, 1., Mather, R., Toras, F., 2020. Sampling trees to develop
allometric biomass models: How does tree selection affect model prediction
accuracy and precision?. Ecological Indicators 117 (2020): 106553, 1-12 pp

35. Erskine, P., and Huy, B. 2003. Forest rehabilitation mission for
Yok Don National Park. Research report. IUCN, Ha Noi, 75 pp.

36. FAO, 2010. Managing forests for climate change. 11960E/1/11.10.
http://www.fao.org/forestry, 20 pp.

37. FAOQO, 2016. Estimating Biomass and Biomass Change of Tropical
Forests: A Primer. (FAO Forestry Paper-134). Available online:
http://www.fao.org/docrep/W4095E/w4095e00.htm#Contents (accessed on 16
August 2016).

38. Fischer, G., Nachtergaele, F.O., Prieler, S., Teixeira, E., Toth, G.,
van Velthuizen, H., Verelst, L., Wiberg, D., 2008. Global Agro-Ecological
Zones Assessment for Agriculture (GAEZ 2008). IIASA, Laxenburg, Austria
and FAO, Rome, Italy, 196 pp.


http://www.fao.org/forestry

140

39. Hai, V.D., Do, T.V,, Trieu, D.T., Sato, T., Kozan, O., 2015. Carbon
Stocks in Tropical Evergreen Broadleaf Forests in Central Highland,
Vietnam. International Forestry Review, 17(1): 20-29

40. Hanpattanakit, P., Chidthaisong, A., Sanwangsri, M., Lichaikul, N.
2016. Improving Allometric Equations to Estimate Biomass and Carbon in
Secondary Dry Dipterocarp Forest. Singapore SG Mar 03-04, 2016, 18 (3)
Part |

41. Henry, M., Besnard, A., Asante, W.A., Eshun, J., Adu-Bredu, S.,
Valentini, R., Bernoux, M., Saint-Andre, L. 2010. Wood density, phytomass
variations within and among trees, and allometric equations in s tropical
rainforest of Africa. For. Ecol. and Manag. 260(8): 1375-1388.
doi:10.1016/j.foreco.2010.07.040.

42. Henry, M., Jara, M.C., R¢jou-Mechain, M., Piotto, D., Fuentes,
J.M.M., Wayson, C., Guier, F.A., Lombis, H.C., Lopez, E.C., Lara, R.C,,
Rojas, K.C., Pasquel, J.D.A., Montoya, A.D., Vega, J.F., Galo, A.J., Lopez,
O.R., Marklund, L.G., Milla, F., Cahidez, J.J.N., Malavassi, E.O., Pérez, J.,
Zea, C.R., Garcia, L.R., Pons, R.R., Sanquetta, C., Scott, C., Westfall, J.,
Zapata-Cuartas, M., Saint-André, L. 2015. Recommendations for the use of
tree models to estimate national forest biomass and assess their uncertainty.
Annals of Forest Science, Issue 6, 72(2015): 769 — 777.

43. Hertel, D., Moser, G., Culmsee, H., Erasmi, S., Horna, V., Schuldt,
SB., Leuschner, C.H., 2009. Below- and above-ground biomass and net
primary production in a paleotropical natural forest (Sulawesi, Indonesia) as
compared to neotropical forests. Forest Ecology and Management 258(9):
1904 — 1912. DOI 10.1016/j.foreco.2009.07.019.



141

44. Hijmans, R.J., Cameron, S.E., Parra, J.L., Jones, P.G., Jarvis, A.,
2005. Very high resolution interpolated climate surfaces for global land areas.
Int. J. Climatol. 25, 1965-1978

45. Huy, B., 2014. Part Bl. 2014. Equations for biomass of
aboveground trees, branches and leaves biomass in Evergreen Broadleaved
forests, and for aboveground biomass of six tree families in Evergreen and
Deciduous forests. In: (eds) Sola, G. et al., 2014. Allometric equations at
national scale for estimating tree and forest biomass in Viet Nam, UN-REDD
Programme, Ha Noi, Viet Nam.

46. Huy, B., Anh, P.T., 2008. Estimating CO, sequestration in natural
broad-leaved evergreen forests in Vietnam. Asia-Pacific Agroforestry
Newsletter — APANews, FAO, SEANAFE; No0.32(2008):7-10, ISSN 0859-
9742, pp

47. Huy, B., Hung, V., Nguyen, T.T.H., Ly, C.T., Dinh, N.D., 2012.
Tree allometric equations in Evergreen Broadleaf Forests in the South Central
Coastal region, Viet Nam, in (Eds) Inoguchi, A., Henry, M. Birigazzi, L. Sola,
G. Tree allometric equation development for estimation of forest above-
ground biomass in Viet Nam, UN-REDD Programme, Hanoi, Viet Nam.

48. Huy, B., Kralicek, K., Poudel, K.P., Phuong, V.T., Khoa, P.V,,
Hung, N.D., Temesgen, H, 2016a. Allometric Equations for Estimating Tree
Aboveground Biomass in Evergreen Broadleaf Forests of Viet Nam. Forest
Ecology and Management 382(2016): 193-205

49. Huy, B., Poudel K.P., Temesgen, H, 2016b. Aboveground biomass
equations for evergreen broadleaf forests in South Central Coastal ecoregion
of Viet Nam: Selection of eco-regional or pantropical models. For. Ecol. and
Mgmt. 376: 276-282.



142

50. Huy, B., Poudel, K.P., Kralicek, K., Hung, N.D., Khoa, P.V.,
Phuong, V.T., Temesgen, H., 2016¢c. Allometric Equations for Estimating
Tree Aboveground Biomass in Tropical Dipterocarp Forests of Viet Nam.
Forests 2016, 7(180): 1-19.

51. Huy, B., Tr, P.C., Triet, T., 2018. Assessment of enrichment
planting of teak (Tectona grandis) in degraded dry dipterocarp forest in the
Central Highlands, Vietnam. Southern Forests: a Journal of Forest Science,
80:1, 75-84, DOI: 10.2989/20702620.2017.1286560

52. Huy, B.; Thanh, G.T.; Poudel, K.P.; Temesgen, H., 2019.
Individual Plant Allometric Equations for Estimating Aboveground Biomass
and Its Components for a Common Bamboo Species (Bambusa procera A.
Chev. and A. Camus) in Tropical Forests. Forests 2019, 10, 316.
DOI:10.3390/f10040316

53. IPCC, 2003. Good Practice Guidance for Land Use, Land-Use
Change and Forestry. IPCC National Greenhouse Gas Inventories
Programme, Hayama, Japan. 590 pp.

54. IPCC, 2006. Forest Land. Chapter 4. In: Eggleston H.S., Buendia
L., Miwa K., Ngara T., Tanabe K., (eds): 2006 IPCC Guidelines for National
Greenhouse Gas Inventories. Prepared by the National Greenhouse Gas
Inventories Programme. Published: IGES, Japan. 83 pp.

55. IUCN, 2007. Forest and livelihoods. Reducing emissions from
deforestation and ecosystem degradation (REDD). Climate change briefing, 2
Pp.

56. Jara, M.C., Henry, M., Rejou-Mechain, M., Wayson, C., Zapata-
Cuartas, M., Piotto, D., Guier, F.A., Lombis, H.C., Lopez, E.C,, Lara, R.C,,
Rojas, K.C., Pasquel, J.D., Montoya, A.D., Vega, J.F., Galo, A.J., Lopez,
O.R., Marklund, L.G., Fuentes, J.M.M., Milla, F., Chaidez, J.D.N., Malavassi,



143

E.O., Perez, J.,, Zea, C.R., Garcia, L.R., Pons, R.R., Saint-Andre, L.,
Sanquetta, C., Scott, C., Westfall, J. 2015. Guidelines for documenting and
reporting tree allometric equations. Annals of Forest Science, 72: 763-768.

57. Jayaraman, K., 1999. A Statistical Manual for Forestry Research.
FAO, 231 pp.

58. Jenkins, J.C., Chojnacky, D.C., Heath, L.S. and Birdsey, R.A.
2003. National-Scale Biomass Estimators for United States Tree Species.
Journal of Forest Science 49(1): 12-35.

59. Jenkins, J.C., Chojnacky, D.C., Heath, L.S. and Birdsey, R.A.
2004. Comprehensive Database of Diameter-based Biomass Regressions for
North American Tree Species. United States Department of Agriculture, 45
Pp.

60. Johannes, D., Shem, K. 2011. Guidelines for establishing regional
allometric equations for biomass estimation through destructive sampling.
CIFOR.

61. Ketterings, Q.M., Coe, R., van Noordwijk, M., Ambagau, Y., Palm,
C.A. 2001. Reducing uncertainty in the use of allometric biomass equations
for predicting above-ground tree biomass in mixed secondary forests. For.
Ecol. and Manag. 146(2001): 199-209

62. Khamyong, N., Wangpakapattanawong, P., Chairuangsri, S., Inta,
A., and Tiansawat, P. 2018. Tree Species Composition and Height-diameter
Allometry of Three Forest Types in Northern Thailand. CMU J. Nat. Sci.
17(4): 289 - 306

63. Kohavi, R. 1995. A study of cross-validation and bootstrap for
accuracy estimation and model selection. The International Joint Conference

on Acrtificial Intelligence (IJCAI), 1995. http://robotics.stanford.edu/~ronnyk



144

64. Kralicek, K., Huy, B., Poudel, K.P., Temesgen, H., Salas, C. 2017.
Simultaneous estimation of above- and below-ground biomass in tropical
forests of Viet Nam. Forest Ecology and Management 390 (2017): 147-156.

65. Laumonier, Y., Edin, Andreas., Kanninen, M., Munandar, A.W.
2010. Landscape-scale variation in the structure and biomass of the hill
dipterocarp forest of Sumatra: Implications for carbon stock assessments.
Forest Ecology and Management, 259(3): 505-513.

66. Lessard, V.C., McRoberts, R.E., and Holdaway, M.R. 2001.
Diameter Growth Models Using Minnesota Forest Inventory and Analysis
Data. Forest Science 47(3): 301-310

67. MacDicken, K.G., 1997. A Guide to Monitoring Carbon Storage in
Forestry and Agroforestry Projects. Winrock International Institute for
Agricultural Development, 84 pp.

68. Matthew, N.K., Shuib, A., Muhammad, |., Eusop, M.E.M.,
Ramachandran, S., Afandi, S.H.M., Samdin, Z., 2018. Carbon stock and
sequestration valuation in a mixed dipterocarp forest of Malaysia. Sains
Malaysiana 47 (3), 447455, Available on-line:
http://dx.doi.org/10.17576/jsm-2018-4703-04.

69. Maury-Lechon, G., Curtet, L. 1998. Biogeography and evolutionary
systematics of Dipterocarpaceae. In: Appanah S, Turnbull JM (eds), A review
of dipterocarps: taxonomy, ecology and silviculture. Bogor: Center for
International Forestry Research. pp 5-44

70. Mayer, D.G., Butler, D.G., 1993. Statistical validation. Ecological
Modelling, 68, 21-32.

71. Moore, AW., 2017. Cross — Validation for detecting and
preventing overfitting. School of computer science. Carnegie Mellon

University. Available on-line:



145

https://www.autonlab.org/_media/tutorials/overfitl0.pdf on February 02,
2017.

72. MRV, 2016. Measurement, Reporting & Verification (MRV)
Framework Document. Available online:
http://theredddesk.org/resources/measurement-reporting-and-verification-
framework-document (accessed on 17 August 2016).

73. Nam, V.T., Kuijk, M.V., Anten, N.P.R., 2016. Allometric
Equations for Aboveground and Belowground Biomass Estimations in an
Evergreen Forest in Vietnam. Plos one. DOI:10.1371/journal.pone.0156827

74. Nam, V.N., Vinh, T.V. 2016. Carbon monitoring of mangrove in
Dat Mui protection forest, Ngoc Hien district, Ca Mau province, Viet Nam.
Journaf of Agricultural Science and Technology, 6(2016): 30-40.

75. Nelson, B.W., Mesquita, R., Pereira, J.L.G., de Souza, S.G.A,,
Batista, G.T., Couta, L.B. 1999. Allometric regressions for improved estimate
of secondary forest biomass in the Central Amazon. For. Ecol. Manag. 1999,
177, 149-167.

76. Niiyama, K., Kajimoto, T., Matsuura, Y., Yamashita, T., Matsuo,
N., Yashiro, Y., Ripin, A., Kassim, A.R., and Noor, N.S. 2010. Estimation of
root biomass based on excavation of individual root systems in a primary
dipterocarp forest in Pasoh Forest Reserve, Peninsular Malaysia. Journal of
Tropical Ecology 26 (2010): 271-284.

77. Omar, H., Chuah, N.M.J., Parlan, 1., Samah, A.K.A., Musa, S.
2015. Assessing Carbon Pools in Dipterocarp Forests of Peninsular Malaysia.
J. Trop. Resour. Sustain. Sci. 3 (2015): 214-221.

78. Panda, M.R., Oraon, P.R., and Tirkey, P. 2020. Distribution of
woody biomass reserves in tropical dry Sal (Shorea robusta Roth.) forests of
Ranchi. The Pharma Innovation Journal 2020; 9(6): 477-482


https://www.autonlab.org/_media/tutorials/overfit10.pdf

146

79. Parresol, B.R. 1999. Assessing Tree and Stand Biomass: A Review
with Examples and Critical Comparisons. Forest Science 45(4): 573-593

80. Parresol, B.R., 2001. Additivity of nonlinear biomass equations.
Can. J. For. Res. 31(5), 865-878

81. Patrick Van Laake, 2008. Forest biomass assessment in support of
REDD by indigenous people and local communities. International Institute for
Geo-information Science and Earth Observation (ITC), 6 pp.

82. Pearson, T.R.H., Brown, S.L, Birdsey, R.A. 2007. Measurement
Guidelines for the Sequestration of Forest Carbon. General Technical Report.
NRS —18. U.S. Department of Agriculture Forest Service, PA, USA, 42 pp.

83. Picard, N., Saint-André L., Henry M. 2012. Manual for building
tree volume and biomass allometric equations: from field measurement to
prediction. Food and Agricultural Organization of the United Nations, Rome,
and Centre de Coopération Internationale en Recherche Agronomique pour le
Développement, Montpellier, 215 pp.

84. Picard, N; Rutishauser, E.; Ploton, P.; Ngomanda, A.; Henry, M.
2015. Should tree biomass allometry be restricted to power models? For.
Ecol. and Manag. 353: 156-163. DOI 10.1016/j.foreco.2015.05.035.

85. Picard, R., Cook, D., 1984. Cross- Validation of regression models.
Journal of the American statistical association. 79 (387): 575-583.
D0i:10.2307/2288403. JSTOR 2288403

86. Pinheiro, J., Bates, D., Debroy, S., Sarkar, D. & Team, R. C. 2014.
nlme: Linear and nonlinear mixed effects models. R package version 3.1-117.

87. Poudel, K.P., Temesgen, H. 2016. Methods for estimating
aboveground biomass and its components for Douglas-fir and lodgepole pine
trees. Can. J. For. Res. 46: 77-87; dx.doi.org/10.1139/cjfr-2015-0256



147

88. Rundel, P.W., Boonpragob, K., Patterson, M. 2017. Seasonal Water
Relations and Leaf Temperature in a Deciduous Dipterocarp Forest in
Northeastern Thailand. Forests 2017, 8, 368: 1-13; doi:10.3390/f8100368.

89. Rutishauser, E., Noor’an, F. Laumonier, Y., Halperin, J., Rufi’ie,
Hergoualc’h, K., Verchot, L. 2013. Generic allometric models including
height best estimate forest biomass and carbon stocks in Indonesia. Forest
Ecology and Management 307 (2013) 219-225.

90. Sanquetta, C.R., Behling, A., Corte, A.P.D., Netto, S.P,
Schikowski, A.B. 2015. Simultaneous estimation as alternative to independent
modeling of tree biomass. Annals of Forest Science, 72 (8):1099-1112.

91. SAS Institute Inc. 2014. SAS/ETS® 13.2 User’s Guide. Chapter
19: The MODEL Procedure. Cary, NC: SAS Institute Inc. pp. 1067-1373.

92. Skutsch, M.M., Patrick E. van Laake, Zahabu, E.M., Karky, B.S.,
and Phartiyal, P., 2009. Community monitoring in REDD+. In Realiing
REDD+, Angelsen, A., (Ed.). CIFOR, pp. 101 —112.

93. Snowdon, P., 2002. Protocol for sampling tree and stand biomass.
Greenhouse Office, Australian, 65 pp.

94. Sola, G., Inoguchi, A., Garcia-Perez, J., Donegan, E., Birigazzi, L.,
Henry, M., 2014a. Allometric equations at national scale for tree biomass
assessment in Viet Nam. Context, methodology and summary of the results,
UN-REDD Programme, Ha Noi, Viet Nam.

95. Sola, G., Inoguchi, A., Phuong, V.T., Huy, B., Khoa, P.V., Hung,
N.D., Xuan, N.V. and Henry, M., 2014b. Allometric equations at national
scale for tree biomass assessment in Viet Nam, UN-REDD Programme, Ha
Noi, Viet Nam.

96. Subedi, B.P., Pandey, S.S., Pandey, A., Rana, E.B., Bhattarai, S.,
Banskota, T.R., Charmakar, S., Tamrakar, R. 2010. Forest Carbon Stock



148

Measurement. Guidelines for measuring carbon stocks in community-
managed forests. Asia Network for Sustainable Agriculture and Bioresources
(ANSAB), Federation of Community Forest Users, Nepal (FECOFUN),
International Center for Integrated Mountain Development (ICIMOD). 69 pp.

97. Swanson, D.A., Tayman, J.,, Bryan, T.M., 2011. MAPE-R: a
rescaled measure of accuracy for cross-sectional subnational population
forecasts. J Pop Research 28(2011): 225-243. DOI 10.1007/s12546-011-9054-
5.

98. Temesgen, H., Affleck D, Poudel K, Gray A, Sessions J. 2015. A
review of the challenges and opportunities in estimating above ground forest
biomass using tree-level models. Scand J For Res, 30(4):326-335. doi:
10.1080/02827581.2015.1012114

99. Temesgen, H., Goerndt, M.E., Johnson, G.P., Adams, D.M.,
Monserud, R.A., 2007. Forest measurement and biometrics in forest
management: Status and Future Needs of the Pacific Northwest USA. Journal
of Forestry 105, 233 — 238.

100. Temesgen, H., Zhang, C.H., Zhao, X.H. 2014. Modelling tree
height-diameter relationships in multi-species and multi-layered forests: A
large observational study from Northeast China. Journal of Forest Ecology
and Management, 316(2014): 78-89

101. UNFCCC (United Nations Framework Convention on Climate
Change). 2008. Report of the Conference of the Parties on its thirteenth
session. Proceedings of UNFCCC, Bonn, Germany, 46 pp.

102. UN-REDD, 2011. Measurement, Reporting & Verification (MRV)
Framework Document. UN-REDD Viet Nam Programme, 50 pp.

103. Wickham, H. & Chang, W. 2013. Package ‘ggplot2’: an

implementation of the Grammar of Graphics.



149

104. Wohlfart, C., Wegmann, M., and Leimgruber, P. 2014. Mapping
threatened dry deciduous dipterocarp forest in South-east Asia for
conservation management. Tropical Conservation Science Vol.7 (4):597-613,
2014,

105. Zhang, L., 1997. Cross — validation of Non-linear growth functions
for modelling tree height-diameter relationships. Annals of Botany 79 (1997):
251-257

106. Ziegler, A.D., Phelps, J.; Yuen, J.Q., Webb, E.L., Lawrence, D.,
Fox, J.M., Bruun, T.B., Leisz, S.J., Ryan, C.M., Dressler, W., Mertz, O.,
2012. Carbon outcomes of major land-cover transitions in SE Asia: great
uncertainties and REDD+ policy implications. Global Change Biology
18(10): 3087 —3099. DOI: 10.1111/j.1365-2486.2012.02747 X



150

PHU LUC

Phu luc 1: Codes thyc hién trong R dé tham dinh chéo theo phuong phap
LOOCV md hinh: AGB = axD?HWD"

# Erase memory
rm(list=Is())
# Clean plot window
dev.off()
# Define the working directory
setwd("E:/LA Tinh/Data")
# Import data
t <- read.table(*'3. Tree data Final.txt", header=T,sep="\t",stringsAsFactors =
FALSE)
# Combination of variables:
t$D2HWD = (t$D/100)"2*t$H*t$WD*1000
# Using ggplot2 and nlme - install.packages(**ggplot2") nlme
library(ggplot2)
library(nime)
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$D),labels=FALSE)
Bias = rep(0, length(t$D))
RMSE = rep(0, length(t$D))
MAPE = rep(0, length(t$D))
# Perform LOOCYV cross validation: AGB = a*D2HWD"b
for(i in 1:length(t$D)){
# Segement the data by fold using the which() function
testIndexes <- which(folds==i,arr.ind=TRUE)
t va <- t[testIndexes, ]
t_eq <- t[-testIndexes, ]
# Modelling AGB = a*D2HWD"b
start <- coefficients(Im(log(AGB)~log(D2HWD), data=t_eq))
names(start) <- c("a","b")
start[1]<-exp(start[1])
Max_like <- nlme(AGB~a*D2HWD”b, data=cbind(t_eq,g="a"), fixed=a+b~1,
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start=start, groups=~g, weights=varPower(form=~D2HWD))

# Outputs of the model

k <- summary(Max_like)$modelStruct$varStruct[1]

k

t_eg$Max_like.fit <- fitted.values(Max_like)

t_eq$Max_like.res <- residuals(Max_like)

t_eg$Max_like.res.weigh <- residuals(Max_like)/t_eq$D2HWD"k

# Prediction and Errors

t va$Pred <- predict(Max_like, newdata=cbind(t_va,g="a"))

Bias[i] <- 100*mean((t_va$AGB - t_va$Pred)/t vaSAGB)

RMSE[i] <- 100*sqrt(mean(((t_va$SAGB - t_va$Pred)/t_va$AGB)"2))

MAPE[i] <- 100*mean(abs(t_va$AGB -t va$Pred)/t va$AGB)
¥
[
# Errors:
mean(Bias)
mean(RMSE)
mean(MAPE)
# The end
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Phu luc 2: Codes thyc hién trong R dé tham dinh chéo theo phuong phép
K-Kold (K = 10) cho m6 hinh: AGB = ax(D2HWD)P

# Erase memory
rm(list=1s())
# Clean plot window
dev.off()
# Define the working directory
setwd("E:/LA Tinh/Data")
# Import data
t <- read.table(*'3. Tree data Final.txt", header=T,sep="\t",stringsAsFactors =
FALSE)
# Combination of variables:
t$D2HWD = (t$D/100)"2*t$H*t$WD*1000
# 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)
Bias = rep(0, 10)
RMSE = rep(0, 10)
MAPE = rep(0, 10)
# Perform 10 fold cross validation: Model AGB = a*D"b
for(i in 1:10){
# Segement the data by fold using the which() function
testIndexes <- which(folds==i,arr.ind=TRUE)
t va <- t[testIndexes, ]
t_eq <- t[-testIndexes, ]
# Modelling
start <- coefficients(Im(log(AGB)~log(D2HWD), data=t_eq))
names(start) <- c("a","b")
start[1]<-exp(start[1])
Max_like <- nlme(AGB~a*D2HWD”"b, data=cbind(t_eq,g="a"), fixed=a+b~1,
start=start, groups=~g, weights=varPower(form=~D2HWND))
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# Outputs of the model

k <- summary(Max_like)$modelStruct$varStruct[1]

k

t_eg$Max_like.fit <- fitted.values(Max_like)

t_eq$Max_like.res <- residuals(Max_like)

t eg$Max_like.res.weigh <- residuals(Max_like)/t_eq$D2HWD"k

# Prediction and Errors

t va$Pred <- predict(Max_like, newdata=cbind(t_va,g="a"))

Bias[i] <- 100*mean((t_va$AGB - t_va$Pred)/t vaSAGB)

RMSE[i] <- 100*sgrt(mean(((t_va$AGB - t_va$Pred)/t_va$AGB)"2))

MAPETi] <- 100*mean(abs(t_va$AGB - t_va$Pred)/t_va$AGB)
}
[
# Errors:
mean(Bias)
mean(RMSE)
mean(MAPE)
# The end
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Phu luc 3: Codes thuc hién trong R dé tham dinh chéo theo phuong phap
Monte Carlo véi R = 200 lan I3p cho mé hinh: AGB = ax(D2HWD)®

# Erase memory
rm(list=Is())
# Clean plot window
dev.off()
# Define the working directory (change \ with / using Edit>Find)
setwd("E:/LA Tinh/Data")
# Import data:
t <- read.table(*'1.2. t all with classes.txt", header=T,sep="\t",stringsAsFactors =
FALSE)
# install.packages(*'ggplot2™)
library(ggplot2)
library(nime)
library(cowplot)
library(gridExtra)
# Monte Carlo: Repeat 200
RMSE = rep(0, 200)
Bias = rep(0, 200)
MAPE = rep(0, 200)
# Modelling ( Each time: Monte Carlo with 80 dataset for development of
equation 20% for validation)
for(i in 1:200){
t_eq <- t[sample(nrow(t), length(t$D)*0.8), ]
n_va <- t[t$I1D %in% t_eq$ID, ]
start <- coefficients(Im(log(AGB)~log(D2HWD), data=t_eq))
names(start) <- c("a","b")
start[1]<-exp(start[1])
Max_like <- nime(AGB~a*D2HWD”"b, data=cbind(t_eq,g="a"), fixed=a+b~1,
start=start, groups=~g, weights=varPower(form=~D2HWND))
# Estimated values:
k <- summary(Max_like)$modelStruct$varStruct[1]
t_eq$Max_like.fit <- fitted.values(Max_like)
t eg$Max_like.res <- residuals(Max_like)
t eg$Max_like.res.weigh <- residuals(Max_like)/t_eq$A"k
# Prediction of the model for validation
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n_va$Pred <- predict(Max_like, newdata=cbhind(n_va,g="a"))
# Calcul of RMSE, Bias, MAPE% each time:

Bias[i] = 100*mean((n_va$D - n_va$Pred)/n_va$D)

RMSE[i] = 100*sgrt(mean(((n_va$D - n_va$Pred)/n_va$D)"2))

MAPETJi] = 100*mean(abs(n_va$D - n_va$Pred)/n_va$D)
}
[
# Errors:
mean(Bias)
mean(RMSE)
mean(MAPE)
# The end
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Phu luc 4: Chuong trinh codes dé thiét 1ap va tham dinh chéo K-Fold
ddng thoi hé théng md hinh sinh khéi cay ring theo phuong phdp SUR chay
trong phan mém SAS

/* Seemingly Unrelated Regression for Model System of AGB = Bst + Bbr + Ble
+ Bba */ Using K-Fold cross validation

dm'log;clear;output;clear’;
options pageno=1 nodate nocenter;

/* Create a path to the folder to get input file and write the output to */

%let infile_path = C:\Users\baohu\OneDrive\l - Article Dip Forest\SAS Scripts
for SUR\;

%let outfile_path = C:\Users\baohu\OneDrive\l - Article Dip Forest\SAS Scripts
for SUR\;

/* Ensure no dataset exists globaly with name we will append TBwts results to */
proc datasets library = work nodetails nolist;
delete B_AGB,;
run;
quit;

/* Code to load 10 random datasets for DF and EBLF -- datasets generated from
script Generate_ Random_200_datasets */
data B;

infile "&infile_path.Mix2.csv" dim="," firstobs=2 dsd truncover;

input Selected Plot_ID$ ID$ Tree_ID$ FT$ D H WD Bst Bbr Ble Bba AGB
D2H D2HWD simNum;

keep Selected D H WD Bst Bbr Ble Bba AGB D2H D2HWD simNum;
run;

/* Repeat model fitting and validation statistic calculation 200 times */
%macro runit_varl(eq_num=);

[* Step 1: Subset testing (validation) and training data (model fitting) */
data B_train; set B;
if Selected = 1;
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run;

data B_test; set B;
if Selected = 0;
run;

[* Step 2: Fit sur weighted nls models:
/* Should change Weight variable) */
/* Monitor in case it can not run 200 times by simNum in Log window > Run
agian with different Weight. Finally record the simNum */
[* Parms based on AGB, BGB model fitting results outside of SUR (coded in
R)*/
proc model data=B_train NOPRINT;
by simNum;
parms a1=0.032 b11=2.305 b12=0.506 b13=0.796
a2=0.007 b21=2.846
a3=0.019 b31=1.884
a4=0.039 b41=2.216;

Bst = al*(D**b11)*(H**b12)*(WD**b13);
h.Bst = 1/D;

Bbr = a2*(D**b21);

h.Bbr = 1/D**-1;

Ble = a3*(D**b31);

h.Ble = 1/D**2;

Bba = a4*(D**b41);

h.Bba = 1/D**-2;

AGB =al*(D**b11)*(H**b12)*(WD**b13) + a2*(D**b21) + a3*(D**b31) +
ad*(D**b41);

h.AGB = 1/D**-1;

fit Bst Bbr Ble Bba AGB / sur outest = B_est

/* look at help for PROC MODEL to see how to fetch R2 and AIC from this line
*/,

run;
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/* Step 3.1: Calculate summary statistics for each for each estimate */
data B_Pred; merge B_test B_est;

by simNum;

pBst = a1*(D**b11)*(H**b12)*(WD**b13);

pBbr = a2*(D**b21);

pBle = a3*(D**b31);

pBba = a4*(D**b41);

pAGB =al*(D**b1l)*(H**b12)*(WD**b13) + a2*(D**b21)+ a3*(D**b31) +
ad*(D**b41);

RelDif Bst = (Bst - pBst)/Bst;
RelDif_Bbr = (Bbr - pBbr)/Bbr;
RelDif Ble = (Ble - pBle)/Ble;

RelDif _Bba = (Bba - pBba)/Bba;
RelDif_AGB = (AGB - pAGB)/AGB;

AbsRelDif Bst = abs(Bst - pBst)/Bst;
AbsRelDif_Bbr = abs(Bbr - pBbr)/Bbr;
AbsRelDif Ble = abs(Ble - pBle)/Ble;
AbsRelDif Bba = abs(Bba - pBba)/Bba;
AbsRelDif AGB = abs(AGB - pAGB)/AGB,;

RelDif2_Bst = RelDif_Bst**2;
RelDif2_Bbr = RelDif_Bbr**2;
RelDif2_Ble = RelDif_Ble**2;
RelDif2_Bba = RelDif_Bba**2;
RelDif2_AGB = RelDif AGB**2;

run;

/[* Step 3.2: aggregate summary statistics to a per simulation level */
proc summary data = B_Pred mean NOPRINT;
by simNum;
var RelDif Bst RelDif Bbr RelDif _Ble RelDif Bba RelDif AGB
AbsRelDif Bst AbsRelDif Bbr AbsRelDif Ble AbsRelDif Bba
AbsRelDif AGB
RelDif2_Bst RelDif2_Bbr RelDif2_Ble RelDif2_Bba RelDif2_AGB,;
output out = B_Results
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mean = pbias_Bst pbias_Bbr pbias_Ble pbias_Bba pbias AGB
mape_Bst mape Bbr mape_Ble mape Bba mape AGB
mspe_Bst mspe_Bbr mspe_Ble mspe_Bba mspe_AGB;
run;

/[* Step 3.3: get rmspe -- couldn't figure out how to get it in the proc summary/
proc means step */
data B_Results; set B_Results;
by simNum;
rmspe_Bst = sqrt(mspe_Bst);
rmspe_Bbr = sqrt(mspe_Bbr);
rmspe_Ble = sgrt(mspe_Ble);
rmspe_Bba = sqrt(mspe_Bba);
rmspe_AGB = sgrt(mspe_AGB);
run;

/* Step 3.4: take mean of Pbias/MAPE/RMSPE across 10 simulations */
proc summary data = B_Results mean NOPRINT;
var pbias_Bst pbias_Bbr pbias_Ble pbias_Bba pbias. AGB
mape_Bst mape Bbr mape_Ble mape Bba mape AGB
rmspe_Bst rmspe_Bbr rmspe_Ble rmspe_Bba rmspe_AGB;
output out = B_Results
mean = pbias_Bst pbias_Bbr pbias_Ble pbias_Bba pbias_ AGB
mape_Bst mape_Bbr mape_ Ble mape_Bba mape AGB
rmspe_Bst rmspe_Bbr rmspe_Ble rmspe_Bba rmspe_AGB
nmiss(pbias_AGB) = N_convg;
run;

/* Step 3.5: multiply results by 100 for percentage */
data B_Results; set B_Results;

pbias_Bst = pbias_Bst *100;

mape_Bst = mape_Bst *100;

rmspe_Bst = rmspe_Bst *100;

pbias_Bbr = pbias_Bbr *100;
mape_Bbr = mape_Bbr *100;
rmspe_Bbr = rmspe_Bbr *100;
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pbias_Ble = pbias_Ble *100;
mape_Ble = mape_Ble *100;
rmspe_Ble = rmspe_Ble *100;

pbias_Bba = pbias_Bba *100;
mape_Bba = mape_Bba *100;
rmspe_Bba = rmspe_Bba *100;

pbias AGB = pbias. AGB *100;

mape_AGB = mape_AGB *100;

rmspe_ AGB =rmspe_ AGB *100;
run;

[* Step 4: create name column in dataset */
data B_Results; set B_Results;
fname ="&eq_num.";

run;

/* Step 5: Export results as .csv file */
proc append base= B_ AGB data= B_Results FORCE;
run;

%mend runit_varl;
%runit_varl(eq_num=el);

/* AGB: Export results as .csv file*/
proc export data =B_AGB

outfile = "&outfile_path.B_AGB.csv";
run;

************************************/

[* SUR: Estimate all parameters using the entire dataset*/
dm'log;clear;output;clear’;

options pageno=1 nodate nocenter;

/* Create a path to the folder where *.csv data is stored */

%let infile_path = C:\Users\baohu\OneDrive\l - Article Dip Forest\SAS Scripts
for SUR\;
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data AllData;

infile "&infile_path.Mixed.csv" dlm="," firstobs=2 dsd truncover;

input Plot_ID$ ID$ Tree_ID$ FT$ D H WD Bst Bbr Ble Bba AGB D2H
D2HWD;

run;

proc model data=AllData;
parms a1=0.032 b11=2.305 b12=0.506 b13=0.796
a2=0.007 b21=2.846
a3=0.019 b31=1.884
a4=0.039 b41=2.216;

Bst = al*(D**b11)*(H**b12)*(WD**b13);
h.Bst = 1/D;

Bbr = a2*(D**b21);

h.Bbr = 1/D**-1;

Ble = a3*(D**b31);

h.Ble = 1/D**2;

Bba = a4*(D**b41);

h.Bba = 1/D**-2;

AGB = al*(D**bl1)*(H**b12)*(WD**b13) + a2*(D**b21) + a3*(D**b31) +
ad*(D**b41);

h.AGB = 1/D**-1;

fit Bst Bbr Ble Bba AGB / sur outest = AllData_est;
run;

quit;

proc print data = AllData_est;
run;

*/ The end */
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Phu luc 5: Codes dé thiét 1ap d6 thi Bland- Altman so sanh sai léch uéc
tinh AGB cuia hai md hinh thiét lap theo SUR va doc lap véi do tin cay 95%

# Start

rm(list=1s())

# Clean

dev.off()

# Install of Paskages

library(ggplot2)

library(cowplot)

# Directory path

setwd("C:/Users/baohu/OneDrive/PhD Master/PhD Tinh/1. Huong dan Tinh sau
cung/Data")

# Enter data t

t <- read.table("'tAll.txt", header=T,sep="\t",stringsAsFactors = FALSE)

# Prediction of AGB from 2 models SUR and Non-SUR:

t$SAGBnonsur = 0.0801995*t$D”2.4584050*t$H"0.1576263*t$WD"0.6434186
t$SAGBsur = 0.02055*t$D”2.35241*t$H"0.59142 *t$WD"0.69609 + 0.00669
*t1$D12.85742 + 0.03701 * t$D"1.68095 + 0.01541 * t$D"2.43959

# Bland Altman Plot:

library(BlandAltmanLeh)

pl <- bland.altman.plot(tSAGBsur,t$AGBnonsur, graph.sys = "ggplot2™)
pl<- pl+ geom_point(cex=3)

pl <- pl + xlab("Trung binh uéc tinh AGB theo SUR va doc lap (kg)™) +
ylab("Sai léch (kg)™") + theme_bw()

pl = pl + theme(axis.title.y = element_text(size = rel(1.7)))

pl = pl + theme(axis.title.x = 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 =pl + xlim(0,1500)

pl =pl + ylim(-200,200)

pl

# The end
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Phu luc 6: Codes dé thiét l1ap va tham dinh chéo K=Fold mé hinh phi
tuyén co trong s6 c6 xét anh hudng cia cac nhan té sinh thai méi truong, 1am
phan theo phuong phap Maximum Likelihood

# Erase memory

rm(list=1s())

# Clean plot window

dev.off()

# Define the working directory (change \ with / using Edit>Find)
setwd("C:/Users/baohu/OneDrive/PhD Master/PhD Tinh/1. Huong dan Tinh sau
cung/Data")

# Import data

t <- read.table("'tAll.txt", header=T,sep="\t",stringsAsFactors = FALSE)

# Install.packages(*ggplot2")
library(ggplot2)
library(nime)
library(cowplot)
library(gridExtra)

nERRSh R R R R R R

# K-Fold Cross validation

# Create 10 equally size folds

t <- t[sample(nrow(t)),]

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)
MAPE =rep(0, 10)

# Perform 10 fold cross validation:

for(i in 1:10){
# Segement the data by fold using the which() function
testIndexes <- which(folds==i,arr.ind=TRUE)
n_va <- t[testindexes, ]
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t_eq <- t[-testindexes, ]

# Non-Linear Mixed Models with random effects:

start <- coefficients(Im(log(AGB)~log(D)+log(H)+log(WD), data=t_eq))
names(start) <- c("a","b","c","d")

start[1]<-exp(start[1])

Max_like <- nlme(AGB~a*D”b*H"c*WD"d, data=t_eq, fixed=a+b+c+d~1,
random=a+b+c+d~1,
start=start, groups=~Region_simple , weights=varPower(form=~D))

# Estimated and Predicted Values:

k <- summary(Max_like)$modelStruct$varStruct[1]
t_eg$Max_like.fit <- fitted.values(Max_like)
t_eg$Max_like.res <- residuals(Max_like)

t eqdMax_like.res.weigh <- residuals(Max_like)/t_eq$D”"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$AGB)-1)/(length(t_eq$AGB)-5-1)

R2adj[i] <- R2.adjusted

# Prediction for validation
n_va$Pred <- predict(Max_like, newdata=n_va)

# Calcul of RMSE, Bias, MAPE%:

Bias[i] = 100*mean((n_va$AGB - n_va$Pred)/n_va$AGB)

RMSETJi] = 100*sgrt(mean(((n_va$AGB - n_va$Pred)/n_va$AGB)"2))

MAPETJi] = 100*mean(abs(n_va$AGB - n_va$Pred)/n_va$AGB)
}
i
# Parameters on random effects:
fixef( Max_like )
ranef( Max_like )
coef(( Max_like ))
coef(summary( Max_like ))
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# Output last model:
summary(Max_like)

# Mean of AIC, R2ad;.:
mean(AIC)
mean(R2adj)

# Mean of RMSE, Bias, MAPE%:

mean(Bias)
mean(RMSE)
mean(MAPE)

# The end
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Phu luc 7: Codes dé thiét 1ap va tham dinh chéo K=Fold mé hinh phi
tuyén c6 trong s6 c6 xét anh hudng tong hop cac nhan té sinh thai moéi truong,
lam phan theo phuong phap Maximum Likelihood

# Erase memory

rm(list=1s())

# Clean plot window

dev.off()

# Define the working directory (change \ with / using Edit>Find)
setwd("C:/Users/baohu/OneDrive/PhD Master/PhD Tinh/1. Huong dan Tinh sau
cung/Data")

# Import data

t <- read.table("tAll.txt", header=T,sep="\t",stringsAsFactors = FALSE)
# install.packages(*'ggplot2™)

library(ggplot2)

library(nlme)

library(cowplot)

library(gridExtra)

HHHHHHH R

# K-Fold Cross validation

# Create 10 equally size folds

t <- t[sample(nrow(t)),]

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)

MAPE = rep(0, 10)
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# Perform 10 fold cross validation:

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, ]

# Model = Average * Modifier:
start = ¢(-2.12, 2.39, 1.10,-0.008, -0.023)
names(start) <- c("a","b","d","b2","b3")
Max_like <- nlme(AGB ~ a*D"b*WD"d* exp( b2* (Rain_annual - 1502) +
b3*(BA - 12.62) ), data=chind(t_eq, g="a"), fixed=a+b+d+b2+b3~1, start=start,
groups=~g, weights=varPower(form=~D))
# Estimated values:
k <- summary(Max_like)$modelStruct$varStruct[1]
t_eq$Max_like.fit <- fitted.values(Max_like)
t_eg$Max_like.res <- residuals(Max_like)
t_eq$Max_like.res.weigh <- residuals(Max_like)/t_eq$D”"k
# Calculating 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$AGB)-1)/(length(t_eq$AGB)-6-1)
R2adj[i] <- R2.adjusted
# Prediction of the model for validation
n_va$Pred <- predict(Max_like, newdata=cbhind(n_va,g="a"))
# Calculating RMSE, Bias, MAPE%:
Bias[i] = 100*mean((n_va$AGB - n_va$Pred)/n_va$AGB)
RMSE[i] = 100*sgrt(mean(((n_va$AGB - n_va$Pred)/n_va$AGB)"2))
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MAPE[i] = 100*mean(abs(n_va$AGB - n_va$Pred)/n_va$AGB)
}
[
# Mean of AIC, R2 adj.:
mean(AIC)
mean(R2adj)
# Mean of RMSE, Bias, MAPE%:
mean(Bias)
mean(RMSE)
mean(MAPE)
# Output model:

summary(Max_like)

HHHHHAH A

# Estimating parameters with the entire dataset

# Erase memory

rm(list=Is())

# Clean plot window

dev.off()

# Define the working directory (change \ with / using Edit>Find)
setwd(""C:/Users/baohu/OneDrive/PhD Master/PhD Tinh/1. Huong dan Tinh sau
cung/Data")

# Import data

t_eq <- read.table("tAll.txt", header=T,sep="\t",stringsAsFactors = FALSE)
# install.packages("ggplot2™)

library(ggplot2)

library(nlme)

library(cowplot)

library(gridExtra)
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# Modeling:
start = ¢(-2.12, 2.39, 1.10,-0.008, -0.023)
names(start) <- c("a","b", "d","b2","b3")
Max_like <- nlme(AGB ~ a*D"b*WD"d* exp( b2* (Rain_annual - 1502) +
b3*(BA - 12.62) ),
data=cbind(t_eq, g="a"), fixed=a+b+d+b2+b3~1,  start=start,
groups=~g, weights=varPower(form=~D))
# Estimated values:
k <- summary(Max_like)$modelStruct$varStruct[1]
t_eg$Max_like.fit <- fitted.values(Max_like)
t_eg$Max_like.res <- residuals(Max_like)
t eqdMax_like.res.weigh <- residuals(Max_like)/t_eq$D”"k
# Calculation of AIC, R2
AIC <- AIC(Max_like)
R2 <- 1- sum((t eq3AGB - t _eq$Max_like.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)-6-1)
R2adj <- R2.adjusted
# Calculation of RMSE, Bias, MAPE%:
Bias = 100*mean((t_eq$AGB - t_eq$Max_like.fit)/t_ eq$AGB)
RMSE = 100*sqrt(mean(((t_eg$AGB - t_eg$Max_like.fit)/t_eq$AGB)"2))
MAPE = 100*mean(abs(t_eq$AGB - t_eq$Max_like.fit)/t_eq$AGB)
# AIC, R2 adj.:
AIC
R2adj
# RMSE, Bias, MAPE%:
Bias
RMSE
MAPE
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# Output last model:

summary(Max_like)

# Plot of observed/Fitted

summary(t_eq$AGB)

pl <- ggplot(t_eq)

pl <- pl + geom_point(aes(y=Max_like.fit, x=AGB), cex = 2)

pl <- pl + geom_abline(intercept = 0, slope = 1, col="black", cex=1.5)
pl <- pl + xlab("AGB quan sat (kg)") + ylab("AGB udc tinh qua m6 hinh (kg)")
+ theme_bw()

pl <- pl + labs(title ="")

pl = pl + theme(axis.title.y = element_text(size = rel(1.7)))

pl = pl + theme(axis.title.x = element_text(size = rel(1.7)))

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 = pl + ylim(0,1500)

pl =pl + xlim(0,1500)

pl

# Plot of Weighted Residuals / Fitted

summary(t_eq$Max_like.res.weigh)

p2 <- ggplot(t_eq)

p2 <- p2 + geom_point(aes(x=Max_like.fit, y=Max_like.res.weigh), cex = 2)

p2 <- p2 + geom_line(cex = 1.5, aes(x=Max_like.fit, y=0))

p2 <- p2 + xlab("AGB uéc tinh qua mé hinh (kg)") + ylab("Sai s6 c6 trong s6
(kg)") + theme_bw()

p2 <- p2 + labs(title = ")

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 = p2 + ylim(-0.05, 0.05)

p2 = p2 + xlim(0,1500)

p2

plot_grid(p1, p2, ncol = 2)

# The end
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Phu luc 8: Co sé dit liéu sinh khéi ctia 329 cay mau va cac nhan to sinh thai, 1am phan

Plot_I 1D Tree_ID Eco- Family Genus Species.name Local_name D(cm) H(m) Bst(kg) Bbr(kg) Ble(kg) Bba(kg) AGB X Y VN2000 Altitude (m) Slope N BA Soil_type Tmean Rain_annu
D Region Ho Chi Tén Latin loai Tén loai (kg) VN2000 Do cao s/v (d0) (cay/ ha) (m?2.ha) Loai dat T trung al
Ving bién Do doc binh ndm P trung
sinh théi (°C) binh nam
(mm)

BT- 1 1 SE Dipterocarpaceae  Dipterocarpus  Dipterocarpus intricatus Dyer Dau long 40.1 21.2 607.1 230.2 26.4 213.3 1077 515,846 1,263,658 230 3 734 20.74 Igneous 25.3 1003
22:03 2 2 SE Dipterocarpaceae  Dipterocarpus  Dipterocarpus intricatus Dyer Dau long 425 225 667.8 450.5 34.4 234.6 1387.3 515,846 1,263,658 230 3 734 20.74 :-\’g?lcelf)sus 25.3 1003
22:03 3 3 SE Dipterocarpaceae  Dipterocarpus  Dipterocarpus intricatus Dyer Dau long 39.8 22.3 617 145.4 14 216.8 993.1 515,846 1,263,658 230 3 734 20.74 :-\’g?lcelf)sus 25.3 1003
22:03 4 4 SE Dipterocarpaceae  Dipterocarpus  Dipterocarpus intricatus Dyer Dau long 46.3 235 726.1 581.4 34.1 255.1 1596.7 515,846 1,263,658 230 3 734 20.74 :-\;(:gz)sus 25.3 1003
22:03 5 5 SE Dipterocarpaceae  Dipterocarpus  Dipterocarpus intricatus Dyer Dau long 475 23 885.3 303.7 12.7 311 1512.8 515,846 1,263,658 230 3 734 20.74 :-\;(:gz)sus 25.3 1003
22:03 6 6 SE Dipterocarpaceae  Dipterocarpus  Dipterocarpus intricatus Dyer Dau long 48.8 21.6 864 515.3 28 303.6 1710.8 515,846 1,263,658 230 3 734 20.74 :-\;(:gz)sus 25.3 1003
22:03 7 7 SE Dipterocarpaceae  Dipterocarpus  Dipterocarpus intricatus Dyer Dau long 318 17.6 341.9 2149 14.8 120.1 691.7 515,846 1,263,658 230 3 734 20.74 :-\;(:gz)sus 25.3 1003
22:03 8 8 SE Dipterocarpaceae  Dipterocarpus  Dipterocarpus intricatus Dyer Dau long 35.1 19.4 276.1 94.6 7.8 97 475.5 515,846 1,263,658 230 3 734 20.74 :-\;(:gz)sus 25.3 1003
22:03 9 9 SE Rubiaceae Adina Adina pilulifera (Lam.) Franch. ex Drake Gao vang 118 8.8 19.9 5.4 14 5.9 32.6 515,846 1,263,658 230 3 734 20.74 :-\;(:gz)sus 25.3 1003
22:03 10 10 SE Dipterocarpaceae  Dipterocarpus  Dipterocarpus intricatus Dyer Dau long 46.7 16.9 627.1 607.5 29 220.3 1484 515,846 1,263,658 230 3 734 20.74 :-\;(:gz)sus 25.3 1003
22:03 11 11 SE Leguminosae Dalbergia Dalbergia cochinchinensis Pierre Trac 185 13.6 71.6 41.9 53 25.2 144 515,846 1,263,658 230 3 734 20.74 :-\;(:gz)sus 25.3 1003
22:03 12 12 SE Ixonanthaceae Irvingia Irvingia malayana Oliv. ex A.W.Benn. Trac 39 18 415 245.4 27 145.8 833.3 515,846 1,263,658 230 3 734 20.74 :-\;(:gz)sus 25.3 1003
;2:03 13 13 SE Ixonanthaceae Irvingia Irvingia malayana Oliv. ex A.W.Benn. Ko nia 215 127 102.6 47.4 7.8 36 193.8 515,846 1,263,658 230 3 734 20.74 E?]Zt)sus 253 1003
;2:03 14 14 SE Myrtaceae Syzygium Syzygium sp. Tram 40.9 192 4219 144.7 129 148.2 721.7 515,846 1,263,658 230 3 734 20.74 E?]Zt)sus 253 1003
;2:03 15 15 SE Rubiaceae Adina Adina pilulifera (Lam.) Franch. ex Drake Gao vang 22.8 158 109.9 51.8 7.8 328 202.4 515,846 1,263,658 230 3 734 20.74 E?]Zt)sus 253 1003
;2:03 16 16 SE Myrtaceae Syzygium Syzygium sp. Tram 105 9.2 159 53 0.7 5.6 275 515,846 1,263,658 230 3 734 20.74 E?]Zt)sus 253 1003
;2:03 17 17 SE Leguminosae Xylia Xylia xylocarpa (Roxb.) Taub. Cam xe 10.2 104 231 7.8 17 4.4 37 515,846 1,263,658 230 3 734 20.74 E?]Zt)sus 253 1003
23:03 18 18 SE Lecythidaceae Careya Careya arborea Roxb. Vung 119 8.2 18.4 85 2 2 31 515,846 1,263,658 230 3 734 20.74 E;?\Zl;sus 253 1003
;2:03 19 19 SE Myrtaceae Syzygium Syzygium sp. Tram 117 10.9 20.7 7 0.6 7.3 35.6 515,846 1,263,658 230 3 734 20.74 E?]Zt)sus 253 1003
;2:03 20 20 SE Ixonanthaceae Irvingia Irvingia malayana Oliv. ex A.W.Benn. Ko nia 29.5 135 163.3 168.5 20.7 57.4 409.8 515,846 1,263,658 230 3 734 20.74 E?]Zt)sus 253 1003
;2:03 21 21 SE Dipterocarpaceae  Dipterocarpus  Dipterocarpus intricatus Dyer Dau long 28.2 157 2225 53.9 8.4 782 363 515,846 1,263,658 230 3 734 20.74 E;?\Zl;sus 253 1003
E$:03 22 22 SE Lecythidaceae Careya Careya arborea Roxb. Vung 15.4 9.8 36.2 14.4 2.9 4 57.6 515,846 1,263,658 230 3 734 20.74 Ft_;?\g;sus 253 1003
E$:03 23 23 SE Dipterocarpaceae  Dipterocarpus  Dipterocarpus intricatus Dyer Dau long 29.2 16.4  198.2 93.7 13.7 69.6 375.2 515,846 1,263,658 230 3 734 20.74 Ft_;?\g;sus 253 1003
E$:03 24 24 SE Dipterocarpaceae  Shorea Shorea obtusa Wall. ex Blume Ca chac 155 138 60 25.6 4.6 179 108.1 515,846 1,263,658 230 3 734 20.74 Ft_;?\g;sus 253 1003
E$:03 25 25 SE Sapindaceae Sapindus Sapindus saponaria L. Bo hon 271 176 1913 93.7 7 67.2 359.2 515,846 1,263,658 230 3 734 20.74 Ft_;?\g;sus 253 1003
;2:03 26 26 SE Ixonanthaceae Irvingia Irvingia malayana Oliv. ex A.W.Benn. Ko nia 26.8 12.8 159 127.4 10.7 55.9 352.9 515,846 1,263,658 230 3 734 20.74 :_\;?:2;5”5 25.3 1003
;2:03 27 27 SE Leguminosae Xylia Xylia xylocarpa (Roxb.) Taub. Cam xe 122 9.6 28.6 213 5.1 55 60.5 515,846 1,263,658 230 3 734 20.74 :_\;?:2;5”5 253 1003
;2:03 28 28 SE Rubiaceae Morinda Morinda citrifolia L. Nhau 10.4 8 112 4.4 0.7 39 203 515,846 1,263,658 230 3 734 20.74 :-\;?gz)sus 253 1003
E$:03 29 29 SE Dipterocarpaceae  Dipterocarpus  Dipterocarpus intricatus Dyer Dau long 326 184 2713 97.7 9.7 95.3 474 515,846 1,263,658 230 3 734 20.74 Eg?\%sus 253 1003
PD-03 ocks
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Plot_I 1D Tree_ID Eco- Family Genus Species.name Local_name D (cm) H(m) Bst(kg) Bbr(kg) Ble(kg) Bba (kg) AGB X Y VN2000 Altitude (m) Slope N BA Soil_type Tmean Rain_annu
D Region Ho Cbi Tén Latin loai Tén loai (kg) VN2000 D¢ cao s/v (d9) (cay/ ha) (m?2.ha) Loai dat T trung al
Ving bién bo doc binh nam P trung
sinh thai (°c) binh nam
(mm)
BT- 30 30 SE Combretaceae Terminalia Terminalia alata Wall. Chieu lieu 31.8 154 292.9 96.7 57 77.9 473.1 515,846 1,263,658 230 3 734 20.74  Igneous 25.3 1003
PD-03 den Rocks
BT- 31 31 SE Leguminosae Xylia Xylia xylocarpa (Roxb.) Taub. Cam xe 25 15.9 1455 32.7 6.2 21.7 212 515,846 1,263,658 230 3 734 20.74  Igneous 25.3 1003
PD-03 Rocks
BT- 32 32 SE Ixonanthaceae Irvingia Irvingia malayana Oliv. ex A.W.Benn. Ko nia 20.1 114 68.6 36.5 3.9 24.1 133 515,846 1,263,658 230 3 734 20.74  Igneous 25.3 1003
PD-03 Rocks
BT- 33 33 SE Leguminosae Xylia Xylia xylocarpa (Roxb.) Taub. Cam xe 374 20.2 5745 185.6 21 109.4 890.5 515,846 1,263,658 230 3 734 20.74  Igneous 25.3 1003
PD-03 Rocks
BT- 34 34 SE Dipterocarpaceae  Dipterocarpus  Dipterocarpus intricatus Dyer Dau long 30.9 149 197.6 72.1 105 69.4 349.5 515,846 1,263,658 230 3 734 20.74  Igneous 25.3 1003
PD-03 Rocks
BT- 35 35 SE Dipterocarpaceae  Dipterocarpus  Dipterocarpus intricatus Dyer Dau long 15.7 12.3 47.1 213 34 16.6 88.3 515,846 1,263,658 230 3 734 20.74 Igneous 253 1003
PD-03 Rocks
BT- 36 36 SE Dipterocarpaceae  Dipterocarpus  Dipterocarpus intricatus Dyer Dau long 15.7 116 40.1 133 39 14.1 713 515,846 1,263,658 230 3 734 20.74 Igneous 253 1003
PD-03 Rocks
BT- 37 37 SE Leguminosae Dalbergia Dalbergia cochinchinensis Pierre Trac 18 12 62.9 16 44 22.1 105.4 515,846 1,263,658 230 3 734 20.74 Igneous 253 1003
PD-03 Rocks
BT- 38 38 SE Leguminosae Xylia Xylia xylocarpa (Roxb.) Taub. Cam xe 8.6 8.3 14.2 54 12 2.7 235 515,846 1,263,658 230 3 734 20.74 Igneous 253 1003
PD-03 Rocks
BT- 39 39 SE Myrtaceae Syzygium Syzygium sp. Tram 9 7.1 8.8 4.7 0.6 3.1 17.2 515,846 1,263,658 230 3 734 20.74 Igneous 253 1003
PD-03 Rocks
BT- 40 40 SE Dipterocarpaceae  Shorea Shorea obtusa Wall. ex Blume Ca chac 18.2 12.3 713 38.6 4 213 135.2 515,846 1,263,658 230 3 734 20.74 Igneous 253 1003
PD-03 Rocks
BT- 41 41 SE Leguminosae Dalbergia Dalbergia cochinchinensis Pierre Trac 15.1 10.1 259 9.5 18 9.1 46.3 515,846 1,263,658 230 3 734 20.74 Igneous 253 1003
PD-03 Rocks
BT- 42 42 SE Leguminosae Xylia Xylia xylocarpa (Roxb.) Taub. Cam xe 115 118 34.8 6.1 21 6.6 49.6 515,846 1,263,658 230 3 734 20.74 Igneous 253 1003
PD-03 Rocks
BT- 43 43 SE Lauraceae Cryptocarya Cryptocarya sp Ca duoi 15.2 10.8 39.6 22.8 34 139 79.8 515,846 1,263,658 230 3 734 20.74 Igneous 253 1003
PD-03 Rocks
BT- 44 44 SE Dipterocarpaceae  Dipterocarpus  Dipterocarpus intricatus Dyer Dau long 448 22.2 761.7 448.8 26.5 267.6 1504.7 515,846 1,263,658 230 3 734 20.74 Igneous 253 1003
PD-03 Rocks
BT- 45 45 SE Hypericaceae Cratoxylum Cratoxylum formosum (Jacq.) Benth. & Thanh nganh  10.5 10 16.4 6.9 16 5.7 30.6 515,846 1,263,658 230 3 734 20.74 Igneous 253 1003
PD-03 Hook.f. ex Dyer Rocks
BT- 46 46 SE Dipterocarpaceae  Dipterocarpus  Dipterocarpus intricatus Dyer Dau long 11.2 10 22.6 6.2 16 7.9 38.3 515,846 1,263,658 230 3 734 20.74 Igneous 253 1003
PD-03 Rocks
BT- 47 47 SE Combretaceae Terminalia Terminalia alata Wall. Chieu lieu 11 7.5 16 59 14 4.3 27.6 515,846 1,263,658 230 3 734 20.74 Igneous 253 1003
PD-03 den Rocks
BT- 48 48 SE Dipterocarpaceae  Dipterocarpus  Dipterocarpus intricatus Dyer Dau long 111 10.7 22.8 9.2 16 8 416 515,846 1,263,658 230 3 734 20.74 Igneous 253 1003
PD-03 Rocks
BT- 49 49 SE Dipterocarpaceae  Dipterocarpus  Dipterocarpus intricatus Dyer Dau long 10.3 8.6 15.3 57 11 5.4 27.6 515,846 1,263,658 230 3 734 20.74 Igneous 253 1003
PD-03 Rocks
BT- 50 50 SE Combretaceae Terminalia Terminalia alata Wall. Chieu lieu 7.6 7.3 9.3 53 0.7 25 17.7 515,846 1,263,658 230 3 734 20.74 Igneous 253 1003
PD-03 den Rocks
BT- 51 51 SE Ixonanthaceae Irvingia Irvingia malayana Oliv. ex A.W.Benn. Ko nia 26.3 16.7 162.9 66.6 8.8 57.2 295.5 515,846 1,263,658 230 3 734 20.74 Igneous 253 1003
PD-03 Rocks
BT- 52 52 SE Dipterocarpaceae  Dipterocarpus  Dipterocarpus intricatus Dyer Dau long 485 18.1 758 263.4 20 266.3 1307.6 515,846 1,263,658 230 3 734 20.74 Igneous 25.3 1003
PD-03 Rocks
BT- 53 53 SE Lauraceae Cryptocarya Cryptocarya sp Ca duoi 175 15.4 74.8 14.2 21 26.3 117.4 515,846 1,263,658 230 3 734 20.74 Igneous 25.3 1003
PD-03 Rocks
BT- 54 54 SE Dipterocarpaceae  Dipterocarpus  Dipterocarpus intricatus Dyer Dau long 39.9 20.8 571.5 349.1 31.6 200.8 1153 515,846 1,263,658 230 3 734 20.74 Igneous 25.3 1003
PD-03 Rocks
K1 55 55 CH Euphorbiaceae Aporosa Aporosa sp. Thau tau 7.3 45 3 0.7 0.2 1 4.8 433,826 1,469,537 223 0 264 13.78 Igneous 255 1600
Rocks
K1 56 56 CH Euphorbiaceae Aporosa Aporosa sp. Thau tau 6.4 3.9 25 3.6 15 0.8 85 433,826 1,469,537 223 0 264 13.78 Igneous 255 1600
Rocks
K1 154 154 CH Chrysobalanaceae Parinari Parinari anamensis Hance Cam 6.4 6 23 0.5 0.4 1 4.3 433,826 1,469,537 223 0 264 13.78 Igneous 255 1600
Rocks
K1 191 191 CH Loganiaceae Strychnos Strychnos nux-blanda A.W. Hill Ma tien 75 3.9 1.2 0.5 0.2 0.1 2.1 433,826 1,469,537 223 0 264 13.78 Igneous 255 1600
Rocks
K1 196 196 CH Combretaceae Terminalia Terminalia alata Wall. Chieu lieu 4 25 0.5 0.2 0.3 0.3 13 433,826 1,469,537 223 0 264 13.78 Igneous 255 1600
den Rocks
K1 153 153 CH Chrysobalanaceae Parinari Parinari anamensis Hance Cam 5.6 45 11 0.3 0.2 0.5 2.1 433,826 1,469,537 223 0 264 13.78 Igneous 255 1600

Rocks
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Plot_I 1D Tree_ID Eco- Family Genus Species.name Local_name D (cm) H(m) Bst(kg) Bbr(kg) Ble(kg) Bba (kg) AGB X Y VN2000 Altitude (m) Slope N BA Soil_type Tmean Rain_annu
D Region Ho Cbi Tén Latin loai Tén loai (kg) VN2000 D¢ cao s/v (d9) (cay/ ha) (m?2.ha) Loai dat T trung al
Ving bién bo doc binh nam P trung
sinh thai (°c) binh nam
(mm)
K1 82 82 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus tuberculatus Roxb. Dau dong 49 45 0.7 0.5 0.5 0.4 2 433,826 1,469,537 223 0 264 13.78 Igneous 25.5 1600
K1 62 62 CH Lecythidaceae Careya Careya arborea Roxb. Vung 5.3 3.9 0.8 11 0.3 0.4 2.7 433,826 1,469,537 223 0 264 13.78 Fg?‘lcelf)sus 25.5 1600
K1 80 80 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus tuberculatus Roxb. Dau dong 155 147 476 7.6 14 7.7 64.2 433,826 1,469,537 223 0 264 13.78 Fg?‘lcelf)sus 25.5 1600
K1 68 68 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus tuberculatus Roxb. Dau dong 36.4 16 355.1 3345 424 48.7 780.7 433,826 1,469,537 223 0 264 13.78 Fg?‘lcelf)sus 25.5 1600
K1 81 81 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus tuberculatus Roxb. Dau dong 243 17.7 179.1 30.5 37 16.2 229.5 433,826 1,469,537 223 0 264 13.78 Fg?‘lcelf)sus 25.5 1600
K1 79 79 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus tuberculatus Roxb. Dau dong 23.7 18 146.8 12.7 23 26.4 188.3 433,826 1,469,537 223 0 264 13.78 E?nztsus 255 1600
K1 164 164 CH Dipterocarpaceae  Shorea Shorea obtusa Wall. ex Blume Ca chac 15 8.8 63.3 17.9 5 13.6 99.8 433,826 1,469,537 223 0 264 13.78 E?nztsus 255 1600
K1 193 193 CH Myrtaceae Syzygium Syzygium cumini (L.) Skeels Tram voi 3.4 53 0.9 0.3 0.3 0.3 18 433,826 1,469,537 223 0 264 13.78 E?nztsus 255 1600
K1 195 195 CH Combretaceae Terminalia Terminalia alata Wall. Chieu lieu 226 158 1421 54.9 8.7 241 229.7 433,826 1,469,537 223 0 264 13.78 E?nztsus 255 1600
K2 84 84 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus tuberculatus Roxb. [I‘De;u dong 19.9 13 89.1 41.4 42 18 152.8 432,710 1,470,981 202 0 324 13.84 E?nztsus 255 1600
K2 57 57 CH Euphorbiaceae Aporosa Aporosa sp. Thau tau 55 51 15 0.3 0.2 13 33 432,710 1,470,981 202 0 324 13.84 E?nztsus 255 1600
K2 155 155 CH Chrysobalanaceae Parinari Parinari anamensis Hance Cam 55 5 11 0.2 0.2 0.8 2.2 432,710 1,470,981 202 0 324 13.84 E?nztsus 255 1600
K2 86 86 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus tuberculatus Roxb. Dau dong 5.6 58 14 0.6 0.4 0.9 3.2 432,710 1,470,981 202 0 324 13.84 E?nztsus 255 1600
K2 83 83 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus tuberculatus Roxb. Dau dong 40.5 19 548.5 377.7 12.3 54.9 993.5 432,710 1,470,981 202 0 324 13.84 :Z?lcetsus 255 1600
K2 85 85 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus tuberculatus Roxb. Dau dong 6.3 6.3 25 15 0.4 14 58 432,710 1,470,981 202 0 324 13.84 :Z?]ZZSUS 255 1600
K2 58 58 CH Euphorbiaceae Aporosa Aporosa sp. Thau tau 5.9 6.8 2.7 0.7 0.3 18 55 432,710 1,470,981 202 0 324 13.84 :Z?]ZZSUS 255 1600
K2 217 217 CH Leguminosae Xylia Xylia xylocarpa (Roxb.) Taub. Cam xe 5 6.3 29 0.5 0.3 0.7 44 432,710 1,470,981 202 0 324 13.84 :Z?]ZZSUS 255 1600
K2 215 215 CH Leguminosae Xylia Xylia xylocarpa (Roxb.) Taub. Cam xe 8 7.5 8.3 34 0.5 1 13.2 432,710 1,470,981 202 0 324 13.84 :Z?]ZZSUS 255 1600
K2 216 216 CH Leguminosae Xylia Xylia xylocarpa (Roxb.) Taub. Cam xe 85 8.6 8 5 0.7 14 15.1 432,710 1,470,981 202 0 324 13.84 :Z?]ZZSUS 255 1600
K2 208 208 CH Combretaceae Terminalia Terminalia corticosa Pierre ex Laness. Chieu lieuoi 11.5 125 225 5 0.8 2.7 31 432,710 1,470,981 202 0 324 13.84 :Z?]ZZSUS 255 1600
K2 87 87 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus tuberculatus Roxb. Dau dong 5.4 4.3 0.6 0.2 0.2 0.5 16 432,710 1,470,981 202 0 324 13.84 :Z?]ZZSUS 255 1600
K3 91 91 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus tuberculatus Roxb. Dau dong 14.7 13.1 211 9 34 6.9 40.3 433,394 1,468,492 199 0 964 12.58 :Z?]ZZSUS 255 1600
K3 165 165 CH Dipterocarpaceae  Shorea Shorea obtusa Wall. ex Blume Ca chac 10 75 6.3 17 0.4 5.2 13.7 433,394 1,468,492 199 0 964 12.58 :Z%cef)sus 255 1600
K3 90 90 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus tuberculatus Roxb. Dau dong 10.2 10.5 10.7 38 13 2.2 18 433,394 1,468,492 199 0 964 12.58 :Zcr’\cef)sus 255 1600
K3 59 59 CH Euphorbiaceae Aporosa Aporosa sp. Thau tau 6 6 3 0.4 0.3 1.7 55 433,394 1,468,492 199 0 964 12.58 :Zcr’\cef)sus 255 1600
K3 94 94 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus tuberculatus Roxb. Dau dong 6.6 6 1.6 16 0.9 0.8 4.9 433,394 1,468,492 199 0 964 12.58 :Zcr’\cef)sus 255 1600
K3 92 92 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus tuberculatus Roxb. Dau dong 145 10.1 18.4 8.6 41 4.7 35.8 433,394 1,468,492 199 0 964 12.58 :Z%cetsus 255 1600
K3 93 93 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus tuberculatus Roxb. Dau dong 7.8 12 51 19 0.8 38 115 433,394 1,468,492 199 0 964 12.58 :Z%cetsus 255 1600
K3 89 89 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus tuberculatus Roxb. Dau dong 14.2 12 338 117 6.2 7.9 59.6 433,394 1,468,492 199 0 964 12.58 :Z%cetsus 255 1600
K3 72 72 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus obtusifolius Teijsm. Ex Mig. Dau trabeng 5.6 5.6 16 0.7 0.5 1.2 4 433,394 1,468,492 199 0 964 12.58 :Z%cetsus 255 1600
K3 69 69 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus obtusifolius Teijsm. Ex Mig. Dautrabeng 23 16.4 1135 29.7 58 29.8 178.8 433,394 1,468,492 199 0 964 12.58 :Z%cetsus 255 1600

Rocks
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Plot_I 1D Tree_ID Eco- Family Genus Species.name Local_name D (cm) H(m) Bst(kg) Bbr(kg) Ble(kg) Bba (kg) AGB X Y VN2000 Altitude (m) Slope N BA Soil_type Tmean Rain_annu
D Region Ho Cbi Tén Latin loai Tén loai (kg) VN2000 D¢ cao s/v (d9) (cay/ ha) (m?2.ha) Loai dat T trung al
Ving bién bo doc binh nam P trung
sinh thai (°c) binh nam
(mm)
K3 70 70 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus obtusifolius Teijsm. Ex Mig. ~ Dau trabeng 14.2 116 25.1 146 4 8.6 52.3 433,394 1,468,492 199 0 964 12.58 Igneous 25.5 1600
K3 95 95 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus tuberculatus Roxb. Dau dong 55 5 11 0.2 0.3 0.5 2.1 433,394 1,468,492 199 0 964 12.58 Fg?‘lcelf)sus 25.5 1600
K3 88 88 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus tuberculatus Roxb. Dau dong 7.3 7.6 3.9 0.9 0.4 0.9 6.1 433,394 1,468,492 199 0 964 12.58 Fg?‘lcelf)sus 25.5 1600
K3 71 71 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus obtusifolius Teijsm. Ex Mig. ~ Dau trabeng 8.7 8.6 8.9 3.9 15 41 183 433,394 1,468,492 199 0 964 12.58 Fg?‘lcelf)sus 25.5 1600
K3 96 96 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus tuberculatus Roxb. Dau dong 5.6 46 0.7 0.3 0.2 0.3 15 433,394 1,468,492 199 0 964 12.58 Fg?‘lcelf)sus 25.5 1600
K13 61 61 CH Euphorbiaceae Aporosa Aporosa sp. Thau tau 6.1 58 31 0.6 0.1 13 51 405,102 1,463,803 235 0 540 6.81 E?nztsus 255 1600
K13 67 67 CH Dilleniaceae Dillenia Dillenia sp So 201 9.4 101.7 55.4 6.6 15.4 179.1 405,102 1,463,803 235 0 540 6.81 Fgoncetsus 255 1600
K13 60 60 CH Euphorbiaceae Aporosa Aporosa sp. Thau tau 16.2 7.4 449 15.3 3.6 12.4 76.1 405,102 1,463,803 235 0 540 6.81 E?nztsus 255 1600
K13 139 139 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus tuberculatus Roxb. Dau dong 6.2 4.7 29 16 0.5 1.7 6.8 405,102 1,463,803 235 0 540 6.81 :Z?nztsus 255 1600
K13 221 221 CH Leguminosae Xylia Xylia xylocarpa (Roxb.) Taub. Cam xe 7.7 6.1 6 0.2 12 23 9.6 405,102 1,463,803 235 0 540 6.81 E?nztsus 255 1600
K13 78 78 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus obtusifolius Teijsm. Ex Mig. Dautrabeng 17.6 13.8 39.5 27.1 2.7 12.3 815 405,102 1,463,803 235 0 540 6.81 E?nztsus 255 1600
K13 222 222 CH Leguminosae Xylia Xylia xylocarpa (Roxb.) Taub. Cam xe 10.7 9.1 249 45 17 7.6 38.7 405,102 1,463,803 235 0 540 6.81 E?nztsus 255 1600
K13 138 138 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus tuberculatus Roxb. Dau dong 11.7 7.9 14 53 18 7.2 283 405,102 1,463,803 235 0 540 6.81 E?nztsus 255 1600
K13 140 140 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus tuberculatus Roxb. Dau dong 7.3 6 6.2 24 0.9 33 12.8 405,102 1,463,803 235 0 540 6.81 :Z?lcetsus 255 1600
K10 159 159 CH Dipterocarpaceae  Shorea Shorea siamensis Miq. Cam lien 23 14.1 95.2 70.4 13.9 26.3 205.9 450,284 1,475,924 226 8 788 13.35 :Z?]ZZSUS 255 1600
K10 130 130 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus tuberculatus Roxb. Dau dong 349 15.6 207.2 104.4 30 46.2 387.7 450,284 1,475,924 226 8 788 13.35 :Z?]ZZSUS 255 1600
K10 131 131 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus tuberculatus Roxb. Dau dong 11.6 8 13.6 48 33 4.7 26.5 450,284 1,475,924 226 8 788 13.35 :Z?]ZZSUS 255 1600
K10 152 152 CH Rubiaceae Nauclea Nauclea orientalis (L.) L. Gao vang 20.6 9.2 52.3 223 39 8.6 87.1 450,284 1,475,924 226 8 788 13.35 :Z?lcetsus 255 1600
K10 206 206 CH Combretaceae Terminalia Terminalia alata Wall. Chieu lieu 18.4 113 56.9 26.8 54 21 110.1 450,284 1,475,924 226 8 788 13.35 :Z?]ZZSUS 255 1600
K10 160 160 CH Dipterocarpaceae  Shorea Shorea siamensis Miq. dCear:n lien 10.4 8.1 11.2 23 16 6.2 213 450,284 1,475,924 226 8 788 13.35 :Z?]ZZSUS 255 1600
K10 161 161 CH Dipterocarpaceae  Shorea Shorea siamensis Miq. Cam lien 5.6 44 12 0.2 0.3 1.2 29 450,284 1,475,924 226 8 788 13.35 :Z?]ZZSUS 255 1600
K10 151 151 CH Rubiaceae Nauclea Nauclea orientalis (L.) L. Gao vang 17.8 10.9 39.6 26.6 6.1 9.1 815 450,284 1,475,924 226 8 788 13.35 :Z?]ZZSUS 255 1600
K10 132 132 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus tuberculatus Roxb. Dau dong 17.4 12.2 39.6 11.2 4.6 113 66.6 450,284 1,475,924 226 8 788 13.35 :Z%cef)sus 255 1600
K10 63 63 CH Lecythidaceae Careya Careya arborea Roxb. Vung 111 6.2 10.7 6.6 51 4 26.4 450,284 1,475,924 226 8 788 13.35 :Zcr’\cef)sus 255 1600
K12 64 64 CH Lecythidaceae Careya Careya arborea Roxb. Vung 35.8 17.8 357.4 207.8 35 333 602 405,562 1,463,350 270 0 256 7.55 :Zcr’\cef)sus 255 1600
K12 188 188 CH Dipterocarpaceae  Shorea Shorea obtusa Wall. ex Blume Ca chac 14.7 9.9 38.8 14.4 33 18.3 74.8 405,562 1,463,350 270 0 256 7.55 :Zcr’\cef)sus 255 1600
K12 220 220 CH Leguminosae Xylia Xylia xylocarpa (Roxb.) Taub. Cam xe 219 11 110 134 42 15 142.6 405,562 1,463,350 270 0 256 7.55 :Z%cetsus 255 1600
K12 213 213 CH Combretaceae Terminalia Terminalia corticosa Pierre ex Laness. Chieu lieuoi 32.3 16.3 276.3 1214 16.5 7.4 421.6 405,562 1,463,350 270 0 256 7.55 :Z%cetsus 255 1600
K12 137 137 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus tuberculatus Roxb. Dau dong 16 6 24.2 34 0.8 7.3 66.4 405,562 1,463,350 270 0 256 7.55 :Z%cetsus 255 1600
K12 189 189 CH Dipterocarpaceae  Shorea Shorea obtusa Wall. ex Blume Ca chac 18.3 10.3 61.8 21.7 26 18.6 104.8 405,562 1,463,350 270 0 256 7.55 :Z%cetsus 255 1600
K12 214 214 CH Combretaceae Terminalia Terminalia corticosa Pierre ex Laness. Chieu lieuoi 12.1 10.5 35.3 15 18 7.2 59.4 405,562 1,463,350 270 0 256 7.55 :Z%cetsus 255 1600
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Plot_I 1D Tree_ID Eco- Family Genus Species.name Local_name D (cm) H(m) Bst(kg) Bbr(kg) Ble(kg) Bba (kg) AGB X Y VN2000 Altitude (m) Slope N BA Soil_type Tmean Rain_annu
D Region Ho Cbi Tén Latin loai Tén loai (kg) VN2000 D¢ cao s/v (d9) (cay/ ha) (m?2.ha) Loai dat T trung al
Ving bién bo doc binh nam P trung
sinh thai (°c) binh nam
(mm)
K12 136 136 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus tuberculatus Roxb. Dau dong 28.7 10.3 196.7 178.4 6.3 294 410.7 405,562 1,463,350 270 0 256 7.55 Igneous 25.5 1600
K4 209 209 CH Combretaceae Terminalia Terminalia corticosa Pierre ex Laness. Chieu lieu oi 18.6 123 86.4 20.2 51 6 117.8 433,497 1,468,690 417 0 456 15 Fg?‘lcelf)sus 25.5 1600
K4 190 190 CH Leguminosae Sindora Sindora siamensis Migq. Go mat 11.8 48 23.6 132 4.7 5.8 47.3 433,497 1,468,690 417 0 456 15 Fg?‘lcelf)sus 25.5 1600
K4 65 65 CH Leguminosae Dalbergia Dalbergia nigrescens Kurz Cam laiden 7.6 5.3 7 3.2 1.2 2.2 13.6 433,497 1,468,690 417 0 456 15 Fg?‘lcelf)sus 255 1600
K4 66 66 CH Dilleniaceae Dillenia Dillenia sp So 74 5.7 5 0.4 04 2.6 8.4 433,497 1,468,690 417 0 456 15 Fg?nceif)sus 255 1600
K4 74 74 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus obtusifolius Teijsm. Ex Migq. Dautrabeng 13.5 45 19.8 15.8 2.8 10.6 489 433,497 1,468,690 417 0 456 15 E?nztsus 255 1600
K4 168 168 CH Dipterocarpaceae  Shorea Shorea obtusa Wall. ex Blume Ca chac 10.4 5.4 14.7 0.5 05 6 217 433,497 1,468,690 417 0 456 15 E?nztsus 255 1600
K4 144 144 CH Rubiaceae Nauclea Nauclea orientalis (L.) L. Gao vang 10.9 7.7 17.2 35 26 18 25.1 433,497 1,468,690 417 0 456 15 E?nztsus 255 1600
K4 99 99 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus tuberculatus Roxb. Dau dong 214 11 89.9 38.1 9.7 11 148.7 433,497 1,468,690 417 0 456 15 E?nztsus 255 1600
K4 211 211 CH Combretaceae Terminalia Terminalia corticosa Pierre ex Laness. Chieu lieuoi 23.3 125 163 87.7 11.2 17.9 279.8 433,497 1,468,690 417 0 456 15 E?nztsus 255 1600
K4 194 194 CH Myrtaceae Syzygium Syzygium cumini (L.) Skeels Tram voi 28.4 10 66.8 425 9 18.8 137.1 433,497 1,468,690 417 0 456 15 E?nztsus 255 1600
K4 143 143 CH Rubiaceae Nauclea Nauclea orientalis (L.) L. Gao vang 17.4 125 54.9 35 52 7.1 70.7 433,497 1,468,690 417 0 456 15 E?nztsus 255 1600
K4 98 98 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus tuberculatus Roxb. Dau dong 23.1 125 116 735 133 20.5 2233 433,497 1,468,690 417 0 456 15 E?nztsus 255 1600
K4 167 167 CH Dipterocarpaceae  Shorea Shorea obtusa Wall. ex Blume Ca chac 139 8.8 38.7 115 6 145 70.7 433,497 1,468,690 417 0 456 15 :Z?lcetsus 255 1600
K4 73 73 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus obtusifolius Teijsm. Ex Mig. Dautrabeng 32.1 12.6 2713 105.8 16.6 65.8 459.4 433,497 1,468,690 417 0 456 15 :Z?]ZZSUS 255 1600
K4 210 210 CH Combretaceae Terminalia Terminalia corticosa Pierre ex Laness. Chieu lieuoi 21.4 14.3 95.7 28.2 9.7 8 1415 433,497 1,468,690 417 0 456 15 :Z?]ZZSUS 255 1600
K4 97 97 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus tuberculatus Roxb. Dau dong 19.9 12 103.1 43.6 7.4 14.3 168.3 433,497 1,468,690 417 0 456 15 :Z?]ZZSUS 255 1600
K4 100 100 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus tuberculatus Roxb. Dau dong 6.8 45 3.4 15 12 25 85 433,497 1,468,690 417 0 456 15 :Z?lcetsus 255 1600
K4 166 166 CH Dipterocarpaceae  Shorea Shorea obtusa Wall. ex Blume Ca chac 17 85 37.2 328 41 19.7 93.8 433,497 1,468,690 417 0 456 15 :Z?]ZZSUS 255 1600
K5 105 105 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus tuberculatus Roxb. Dau dong 8.2 6.1 7.7 12 0.8 4 13.8 427,489 1,469,774 197 0 316 12.28 :Z?lcetsus 255 1600
K5 197 197 CH Combretaceae Terminalia Terminalia alata Wall. Chieu lieu 10.8 5 139 2 0.2 4.7 20.8 427,489 1,469,774 197 0 316 12.28 :Z?]ZZSUS 255 1600
K5 169 169 CH Dipterocarpaceae  Shorea Shorea obtusa Wall. ex Blume dCeanchac 20.5 12.1 119.1 118 3 23.6 157.4 427,489 1,469,774 197 0 316 12.28 :Z?]ZZSUS 255 1600
K5 198 198 CH Combretaceae Terminalia Terminalia alata Wall. Chieu lieu 335 16.1 145 39.8 6.3 28.6 219.7 427,489 1,469,774 197 0 316 12.28 :Z%cef)sus 255 1600
K5 199 199 CH Combretaceae Terminalia Terminalia alata Wall. dcir:eu lieu 16.7 114 60.4 30.1 6.7 12.4 109.7 427,489 1,469,774 197 0 316 12.28 :Zcr’\cef)sus 255 1600
K5 75 75 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus obtusifolius Teijsm. Ex Mig. ge;u trabeng 12.9 10 24.6 34 4.6 13.7 46.3 427,489 1,469,774 197 0 316 12.28 :Zcr’\cef)sus 255 1600
K5 192 192 CH Loganiaceae Strychnos Strychnos nux-blanda A.W. Hill Ma tien 175 8.7 314 213 23 3.9 58.9 427,489 1,469,774 197 0 316 12.28 :Zcr’\cef)sus 255 1600
K5 106 106 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus tuberculatus Roxb. Dau dong 32.1 15.9 232.1 110.2 12.4 34.8 389.5 427,489 1,469,774 197 0 316 12.28 :Z%cetsus 255 1600
K5 103 103 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus tuberculatus Roxb. Dau dong 10.2 9 16.5 33 24 6.7 28.8 427,489 1,469,774 197 0 316 12.28 :Z%cetsus 255 1600
K5 101 101 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus tuberculatus Roxb. Dau dong 31.2 14.2 270.1 107.4 15.7 28.3 4215 427,489 1,469,774 197 0 316 12.28 :Z%cetsus 255 1600
K5 141 141 CH Rubiaceae Haldina Haldina cordifolia (Roxb.) Ridsdale Gao 7.3 4.7 4.2 14 0.9 2.6 9 427,489 1,469,774 197 0 316 12.28 :Z%cetsus 255 1600
K5 104 104 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus tuberculatus Roxb. Dau dong 225 8.6 21.2 49 19 9.2 37.2 427,489 1,469,774 197 0 316 12.28 :Z%cetsus 255 1600
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Plot_I 1D Tree_ID Eco- Family Genus Species.name Local_name D (cm) H(m) Bst(kg) Bbr(kg) Ble(kg) Bba (kg) AGB X Y VN2000 Altitude (m) Slope N BA Soil_type Tmean Rain_annu
D Region Ho Cbi Tén Latin loai Tén loai (kg) VN2000 D¢ cao s/v (d9) (cay/ ha) (m?2.ha) Loai dat T trung al
Ving bién bo doc binh nam P trung
sinh thai (°c) binh nam
(mm)
K5 102 102 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus tuberculatus Roxb. Dau dong 116 8.1 194 25 1.2 8.2 312 427,489 1,469,774 197 0 316 12.28 Igneous 25.5 1600
K5 170 170 CH Dipterocarpaceae  Shorea Shorea obtusa Wall. ex Blume Ca chac 19.7 13.8 96.6 17.6 51 221 141.4 427,489 1,469,774 197 0 316 12.28 Fg?‘lcelf)sus 25.5 1600
K8 202 202 CH Combretaceae Terminalia Terminalia alata Wall. Chieu lieu 9.5 48 11 57 14 4 221 474,328 1,477,804 375 0 1292 2341 E?‘lcelf)sus 25.5 1600
K8 148 148 CH Rubiaceae Nauclea Nauclea orientalis (L.) L. dGe;o vang 12.6 10.2 28.2 33 2 8.5 42 474,328 1,477,804 375 0 1292 2341 Fg?‘lcelf)sus 25.5 1600
K8 178 178 CH Dipterocarpaceae  Shorea Shorea obtusa Wall. ex Blume Ca chac 204 12.8 81 67 11.8 329 192.7 474,328 1,477,804 375 0 1292 2341 Fg?‘lcelf)sus 25.5 1600
K8 179 179 CH Dipterocarpaceae  Shorea Shorea obtusa Wall. ex Blume Ca chac 19.2 7.6 53 28.1 3.7 20.5 105.4 474,328 1,477,804 375 0 1292 23.41 E?nztsus 255 1600
K8 7 7 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus obtusifolius Teijsm. Ex Mig. Dau trabeng 20.3 8.1 63.5 90.8 35 21 178.9 474,328 1,477,804 375 0 1292 23.41 E?nztsus 255 1600
K8 182 182 CH Dipterocarpaceae  Shorea Shorea obtusa Wall. ex Blume Ca chac 118 6.7 20.4 6.8 23 12.1 415 474,328 1,477,804 375 0 1292 23.41 E?nztsus 255 1600
K8 212 212 CH Combretaceae Terminalia Terminalia corticosa Pierre ex Laness. Chieu lieuoi  26.4 14.4 250.3 61.8 51 135 330.8 474,328 1,477,804 375 0 1292 23.41 E?nztsus 255 1600
K8 219 219 CH Leguminosae Xylia Xylia xylocarpa (Roxb.) Taub. Cam xe 7 4.2 5.6 21 0.6 2 10.4 474,328 1,477,804 375 0 1292 23.41 E?nztsus 255 1600
K8 76 76 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus obtusifolius Teijsm. Ex Mig. Dautrabeng 27.9 12.2 168.4 78.7 14.9 437 305.7 474,328 1,477,804 375 0 1292 23.41 E?nztsus 255 1600
K8 183 183 CH Dipterocarpaceae  Shorea Shorea obtusa Wall. ex Blume Ca chac 12.3 8.9 29.4 113 3.6 115 55.8 474,328 1,477,804 375 0 1292 23.41 :Z?nztsus 255 1600
K8 218 218 CH Leguminosae Xylia Xylia xylocarpa (Roxb.) Taub. Cam xe 6 35 3.2 24 0.7 0.9 7.2 474,328 1,477,804 375 0 1292 23.41 E?nztsus 255 1600
K8 181 181 CH Dipterocarpaceae  Shorea Shorea obtusa Wall. ex Blume Ca chac 16.9 10.1 56.1 29 48 22.3 112.2 474,328 1,477,804 375 0 1292 23.41 :Z?lcetsus 255 1600
K8 180 180 CH Dipterocarpaceae  Shorea Shorea obtusa Wall. ex Blume Ca chac 17.2 10.4 54.7 8.6 44 19.3 87.1 474,328 1,477,804 375 0 1292 23.41 :Z?]ZZSUS 255 1600
Ké 120 120 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus tuberculatus Roxb. Dau dong 20.2 6.5 46.9 29.4 6.3 125 95 429,482 1,469,476 218 0 564 9.65 :Z?]ZZSUS 255 1600
Ké 107 107 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus tuberculatus Roxb. Dau dong 20.3 6.8 39 7.4 4.7 9 60.1 429,482 1,469,476 218 0 564 9.65 :Z?]ZZSUS 255 1600
Ké 122 122 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus tuberculatus Roxb. Dau dong 25 8.6 99.1 60.6 10.6 25.7 196 429,482 1,469,476 218 0 564 9.65 :Z?]ZZSUS 255 1600
Ké 110 110 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus tuberculatus Roxb. Dau dong 134 7.7 338 111 32 12.3 60.4 429,482 1,469,476 218 0 564 9.65 :Z?]ZZSUS 255 1600
Ké 109 109 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus tuberculatus Roxb. Dau dong 7.6 6.3 55 2.8 1 3.7 13 429,482 1,469,476 218 0 564 9.65 :Z?]ZZSUS 255 1600
Ké 121 121 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus tuberculatus Roxb. Dau dong 135 6.7 24 16.7 45 19.5 64.7 429,482 1,469,476 218 0 564 9.65 :Z?]ZZSUS 255 1600
Ké 118 118 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus tuberculatus Roxb. Dau dong 8 38 4.3 34 11 3.2 12 429,482 1,469,476 218 0 564 9.65 :Z?]ZZSUS 255 1600
Ké 119 119 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus tuberculatus Roxb. Dau dong 155 6.7 25.7 14 4 6.9 50.7 429,482 1,469,476 218 0 564 9.65 :Z%cef)sus 255 1600
Ké 113 113 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus tuberculatus Roxb. Dau dong 20.6 9.1 104.3 82.9 9.4 235 220.1 429,482 1,469,476 218 0 564 9.65 :Zcr’\cef)sus 255 1600
Ké 108 108 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus tuberculatus Roxb. Dau dong 10.5 7.3 12.8 6.3 22 6.4 27.7 429,482 1,469,476 218 0 564 9.65 :Zcr’\cef)sus 255 1600
Ké 117 117 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus tuberculatus Roxb. Dau dong 10.2 7.6 14.4 53 13 8 29 429,482 1,469,476 218 0 564 9.65 :Zcr’\cef)sus 255 1600
Ké 156 156 CH Dipterocarpaceae  Shorea Shorea siamensis Miq. Cam lien 12.6 85 22.4 5.7 13 175 46.8 429,482 1,469,476 218 0 564 9.65 :Z%cetsus 255 1600
Ké 112 112 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus tuberculatus Roxb. Dau dong 245 10 96.2 68.5 33 175 185.6 429,482 1,469,476 218 0 564 9.65 :Z%cetsus 255 1600
Ké 200 200 CH Combretaceae Terminalia Terminalia alata Wall. Chieu lieu 26.8 7.6 104 39.9 6 74.4 224.2 429,482 1,469,476 218 0 564 9.65 :Z%cetsus 255 1600
Ké 116 116 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus tuberculatus Roxb. tI‘Deanu dong 5.9 4.9 2.2 0.6 0.4 2.2 5.4 429,482 1,469,476 218 0 564 9.65 :Z%cetsus 255 1600
Ké 115 115 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus tuberculatus Roxb. Dau dong 6 53 2.8 0.5 0.4 23 6.1 429,482 1,469,476 218 0 564 9.65 :Z%cetsus 255 1600
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Plot_I 1D Tree_ID Eco- Family Genus Species.name Local_name D (cm) H(m) Bst(kg) Bbr(kg) Ble(kg) Bba (kg) AGB X Y VN2000 Altitude (m) Slope N BA Soil_type Tmean Rain_annu
D Region Ho Cbi Tén Latin loai Tén loai (kg) VN2000 D¢ cao s/v (d9) (cay/ ha) (m?2.ha) Loai dat T trung al
Ving bién bo doc binh nam P trung
sinh thai (°c) binh nam
(mm)
K6 111 111 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus tuberculatus Roxb. Dau dong 9.8 8.8 139 31 0.7 7.4 25.2 429,482 1,469,476 218 0 564 9.65 Igneous 25.5 1600
K6 114 114 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus tuberculatus Roxb. Dau dong 212 9.7 95.1 54.6 7.3 123 169.3 429,482 1,469,476 218 0 564 9.65 Fg?‘lcelf)sus 25.5 1600
K7 147 147 CH Rubiaceae Nauclea Nauclea orientalis (L.) L. Gao vang 12.7 10 253 31 0.7 9.5 38.6 474,032 1,477,582 388 0 692 14.53 Fg?‘lcelf)sus 25.5 1600
K7 146 146 CH Rubiaceae Nauclea Nauclea orientalis (L.) L. Gao vang 15.7 9 20.3 17.7 33 41 45.4 474,032 1,477,582 388 0 692 14.53 Fg?‘lcelf)sus 25.5 1600
K7 124 124 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus tuberculatus Roxb. Dau dong 32.8 14 428.9 203.8 171 67.5 717.4 474,032 1,477,582 388 0 692 14.53 Fg?‘lcelf)sus 25.5 1600
K7 173 173 CH Dipterocarpaceae  Shorea Shorea obtusa Wall. ex Blume Ca chac 19.1 8.8 52.8 29.5 6.4 319 120.6 474,032 1,477,582 388 0 692 14.53 E?nztsus 255 1600
K7 123 123 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus tuberculatus Roxb. Dau dong 38.4 14.2 303.8 350.8 215 56.2 732.3 474,032 1,477,582 388 0 692 14.53 E?nztsus 255 1600
K7 145 145 CH Rubiaceae Nauclea Nauclea orientalis (L.) L. Gao vang 185 108 501 16.3 51 132 84.7 474,032 1,477,582 388 0 692 14.53 Fgoncetsus 255 1600
K7 158 158 CH Dipterocarpaceae  Shorea Shorea siamensis Miq. Cam lien 7.8 7.8 9 12 0.4 6 16.6 474,032 1,477,582 388 0 692 14.53 E?nztsus 255 1600
K7 176 176 CH Dipterocarpaceae  Shorea Shorea obtusa Wall. ex Blume Ca chac 12.3 10 35.9 117 25 14.3 64.4 474,032 1,477,582 388 0 692 14.53 E?nztsus 255 1600
K7 174 174 CH Dipterocarpaceae  Shorea Shorea obtusa Wall. ex Blume Ca chac 16.1 11 40.5 38.6 6.1 13 98.2 474,032 1,477,582 388 0 692 14.53 :Z?nztsus 255 1600
K7 175 175 CH Dipterocarpaceae  Shorea Shorea obtusa Wall. ex Blume Ca chac 18 125 47.8 30.6 45 149 97.8 474,032 1,477,582 388 0 692 14.53 E?nztsus 255 1600
K7 157 157 CH Dipterocarpaceae  Shorea Shorea siamensis Miq. Cam lien 7.7 7.2 6.4 0.5 0.6 4.3 11.7 474,032 1,477,582 388 0 692 14.53 E?nztsus 255 1600
K7 171 171 CH Dipterocarpaceae  Shorea Shorea obtusa Wall. ex Blume Ca chac 18.6 7.3 37.8 49.4 59 15.6 108.7 474,032 1,477,582 388 0 692 14.53 :Z?lcetsus 255 1600
K7 177 177 CH Dipterocarpaceae  Shorea Shorea obtusa Wall. ex Blume Ca chac 12.8 8.8 23.2 59 3.6 12.7 454 474,032 1,477,582 388 0 692 14.53 :Z?]ZZSUS 255 1600
K7 201 201 CH Combretaceae Terminalia Terminalia alata Wall. Chieu lieu 25 125 92.7 37.3 4.7 63.2 197.9 474,032 1,477,582 388 0 692 14.53 :Z?]ZZSUS 255 1600
K7 172 172 CH Dipterocarpaceae  Shorea Shorea obtusa Wall. ex Blume dCeanchac 19.3 133 82.9 49.2 42 29.1 165.4 474,032 1,477,582 388 0 692 14.53 :Z?]ZZSUS 255 1600
K7 142 142 CH Rubiaceae Haldina Haldina cordifolia (Roxb.) Ridsdale Gao 20.3 118 72.6 26.2 5.6 7.7 112 474,032 1,477,582 388 0 692 14.53 :Z?]ZZSUS 255 1600
K9 203 203 CH Combretaceae Terminalia Terminalia alata Wall. Chieu lieu 20.9 10.5 76 62.3 4 319 174.2 450,102 1,475,999 272 6 628 14.35 :Z?lcetsus 255 1600
K9 127 127 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus tuberculatus Roxb. tliDe;u dong 19 10.1 57 343 9.3 13 113.7 450,102 1,475,999 272 6 628 14.35 :Z?]ZZSUS 255 1600
K9 125 125 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus tuberculatus Roxb. Dau dong 20.8 9.2 65.9 24.7 46 10.6 105.7 450,102 1,475,999 272 6 628 14.35 :Z?]ZZSUS 255 1600
K9 184 184 CH Dipterocarpaceae  Shorea Shorea obtusa Wall. ex Blume Ca chac 15.8 10 54.1 19.6 49 16.5 95.2 450,102 1,475,999 272 6 628 14.35 :Z?]ZZSUS 255 1600
K9 150 150 CH Rubiaceae Nauclea Nauclea orientalis (L.) L. Gao vang 11 6.4 16 6.9 2 4 28.8 450,102 1,475,999 272 6 628 14.35 :Z%cef)sus 255 1600
K9 149 149 CH Rubiaceae Nauclea Nauclea orientalis (L.) L. Gao vang 19.9 11 39.4 13.7 5 6.9 64.9 450,102 1,475,999 272 6 628 14.35 :Zcr’\cef)sus 255 1600
K9 205 205 CH Combretaceae Terminalia Terminalia alata Wall. Chieu lieu 5.1 2.8 18 0.7 0.8 0.8 4.1 450,102 1,475,999 272 6 628 14.35 :Zcr’\cef)sus 255 1600
K9 126 126 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus tuberculatus Roxb. ge;u dong 343 135 242.4 91.5 13.8 333 381.1 450,102 1,475,999 272 6 628 14.35 :Zcr’\cef)sus 255 1600
K9 204 204 CH Combretaceae Terminalia Terminalia alata Wall. Chieu lieu 213 11.6 7.7 62.7 29 26.6 169.8 450,102 1,475,999 272 6 628 14.35 :Z%cetsus 255 1600
K9 129 129 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus tuberculatus Roxb. tI‘Deanu dong 7 4 3.2 17 1 13 7.3 450,102 1,475,999 272 6 628 14.35 :Z%cetsus 255 1600
K9 128 128 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus tuberculatus Roxb. Dau dong 10.9 7 8.7 3.6 13 4.2 17.8 450,102 1,475,999 272 6 628 14.35 :Z%cetsus 255 1600
K11 187 187 CH Dipterocarpaceae  Shorea Shorea obtusa Wall. ex Blume Ca chac 17 8.8 42.3 428 57 18.6 109.3 450,036 1,476,288 270 0 512 18.37 :Z%cetsus 255 1600
K11 186 186 CH Dipterocarpaceae  Shorea Shorea obtusa Wall. ex Blume Ca chac 20 8 79.3 49.5 57 22 156.6 450,036 1,476,288 270 0 512 18.37 :Z%cetsus 255 1600
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Plot_I 1D Tree_ID Eco- Family Genus Species.name Local_name D (cm) H(m) Bst(kg) Bbr(kg) Ble(kg) Bba (kg) AGB X Y VN2000 Altitude (m) Slope N BA Soil_type Tmean Rain_annu
D Region Ho Cbi Tén Latin loai Tén loai (kg) VN2000 D¢ cao s/v (d9) (cay/ ha) (m?2.ha) Loai dat T trung al
Ving bién bo doc binh nam P trung
sinh thai (°c) binh nam
(mm)
K11 185 185 CH Dipterocarpaceae  Shorea Shorea obtusa Wall. ex Blume Ca chac 9.8 6.3 9.1 10.1 29 5.4 275 450,036 1,476,288 270 0 512 18.37 Igneous 25.5 1600
K11 163 163 CH Dipterocarpaceae  Shorea Shorea siamensis Mig. Cam lien 16.4 8.2 22 19.7 4.7 14.6 61 450,036 1,476,288 270 0 512 18.37 E?‘lcelf)sus 25.5 1600
K11 162 162 CH Dipterocarpaceae  Shorea Shorea siamensis Mig. Cam lien 122 8.4 15.1 10.7 31 9.1 38 450,036 1,476,288 270 0 512 18.37 E?‘lcelf)sus 25.5 1600
K11 135 135 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus tuberculatus Roxb. Dau dong 28.6 7.5 90.8 103 8.1 23.8 225.6 450,036 1,476,288 270 0 512 18.37 E?‘lcelf)sus 25.5 1600
K11 207 207 CH Combretaceae Terminalia Terminalia alata Wall. Chieu lieu 124 9.5 337 45 2.6 10 50.7 450,036 1,476,288 270 0 512 18.37 E?‘lcelf)sus 25.5 1600
K11 133 133 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus tuberculatus Roxb. [I‘De;u dong 9 7.1 9.6 41 16 3.6 18.9 450,036 1,476,288 270 0 512 18.37 E?nztsus 255 1600
K11 134 134 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus tuberculatus Roxb. Dau dong 20.6 7.2 495 64.9 6.5 114 132.2 450,036 1,476,288 270 0 512 18.37 E?nztsus 255 1600
| 223 11 CH Dipterocarpaceae  Shorea Shorea obtusa Wall. ex Blume Ca chac 217 6.3 101.1 58.9 9.1 37 206 435,138 1,476,014 218 5 228 6.31 E?nztsus 255 1600
| 224 12 CH Dipterocarpaceae  Shorea Shorea obtusa Wall. ex Blume Ca chac 21 5.7 95.3 228 7 218 146.9 435,138 1,476,014 218 5 228 6.31 E?nztsus 255 1600
| 225 15 CH Dipterocarpaceae  Shorea Shorea siamensis Miq. Cam lien 30.3 12 253.6 109.3 10.9 74.3 448.1 435,138 1,476,014 218 5 228 6.31 E?nztsus 255 1600
| 226 17 CH Dipterocarpaceae  Shorea Shorea siamensis Miq. Cam lien 234 8 101.6 68.7 95 40.9 220.6 435,138 1,476,014 218 5 228 6.31 E?nztsus 255 1600
| 227 112 CH Dipterocarpaceae  Shorea Shorea siamensis Miq. Cam lien 119 6.5 9.2 8.9 13 9.3 28.7 435,138 1,476,014 218 5 228 6.31 E?nztsus 255 1600
| 228 120 CH Dipterocarpaceae  Shorea Shorea obtusa Wall. ex Blume Ca chac 15.3 6 38 18.1 2 16.3 74.4 435,138 1,476,014 218 5 228 6.31 E?nztsus 255 1600
| 229 126 CH Combretaceae Terminalia Terminalia alata Wall. Chieu lieu 19.2 10.9 85.2 32 26 30.1 150 435,138 1,476,014 218 5 228 6.31 :Z?lcetsus 255 1600
| 230 128 CH Combretaceae Terminalia Terminalia alata Wall. dCehr:eu lieu 15.3 4.9 34.1 17.8 11 12.1 65.2 435,138 1,476,014 218 5 228 6.31 :Z?]ZZSUS 255 1600
| 231 129 CH Combretaceae Terminalia Terminalia alata Wall. dCehr:eu lieu 9.7 4.7 13 41 0.8 13 30.9 435,138 1,476,014 218 5 228 6.31 :Z?]ZZSUS 255 1600
| 232 134 CH Combretaceae Terminalia Terminalia alata Wall. dCehr:eu lieu 233 11 133.6 91 111 62 297.7 435,138 1,476,014 218 5 228 6.31 :Z?]ZZSUS 255 1600
| 233 150 CH Dipterocarpaceae  Shorea Shorea obtusa Wall. ex Blume dCeanchac 22.2 10 107.2 413 6.3 55.1 209.9 435,138 1,476,014 218 5 228 6.31 :Z?]ZZSUS 255 1600
| 234 156 CH Dipterocarpaceae  Shorea Shorea obtusa Wall. ex Blume Ca chac 15.2 6.1 28.1 13 13 16.7 59.1 435,138 1,476,014 218 5 228 6.31 :Z?]ZZSUS 255 1600
| 235 113 CH Dipterocarpaceae  Shorea Shorea siamensis Miq. Cam lien 39.2 9.9 127.1 162.6 9.2 229 321.8 435,138 1,476,014 218 5 228 6.31 :Z?]ZZSUS 255 1600
| 236 119 CH Dipterocarpaceae  Shorea Shorea obtusa Wall. ex Blume Ca chac 22.1 5.2 116.3 78.4 114 34 240.1 435,138 1,476,014 218 5 228 6.31 :Z?]ZZSUS 255 1600
| 237 136 CH Dipterocarpaceae  Shorea Shorea obtusa Wall. ex Blume Ca chac 7.8 3.7 6.7 14 0.8 3.2 12.1 435,138 1,476,014 218 5 228 6.31 :Z?]ZZSUS 255 1600
| 238 157 CH Rubiaceae Nauclea Nauclea orientalis (L.) L. Gao vang 19 13.1 77.4 211 42 27.8 130.6 435,138 1,476,014 218 5 228 6.31 :Z%cef)sus 255 1600
1] 239 1112 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus obtusifolius Teijsm. Ex Mig. Dau trabeng 10.3 6.2 9.5 4 13 55 20.3 433,162 1,468,701 223 2 276 3.78 :Zcr’\cef)sus 255 1600
1] 240 1113 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus obtusifolius Teijsm. Ex Mig. Dautrabeng 9.4 7.2 12 7.9 1 7.9 28.8 433,162 1,468,701 223 2 276 3.78 :Zcr’\cef)sus 255 1600
1] 241 1114 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus obtusifolius Teijsm. Ex Mig. Dau trabeng 15.9 8.3 34.4 413 29 19.3 98 433,162 1,468,701 223 2 276 3.78 :Zcr’\cef)sus 255 1600
1] 242 1170 CH Dipterocarpaceae  Shorea Shorea obtusa Wall. ex Blume Ca chac 10.5 3.9 175 14 0.5 10.8 30.2 433,162 1,468,701 223 2 276 3.78 :Zcr’\cef)sus 255 1600
1] 243 171 CH Dipterocarpaceae  Shorea Shorea obtusa Wall. ex Blume Ca chac 11 3.7 9.7 13 0.7 6.9 30.2 433,162 1,468,701 223 2 276 3.78 :Zcr’\cef)sus 255 1600
1] 244 1172 CH Dipterocarpaceae  Shorea Shorea obtusa Wall. ex Blume Ca chac 11 4.9 139 5.7 0.6 8.8 28.9 433,162 1,468,701 223 2 276 3.78 :Zcr’\cef)sus 255 1600
1] 245 1173 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus obtusifolius Teijsm. Ex Mig. Dau trabeng 36.8 9.3 325.6 236.7 16 58.1 636.4 433,162 1,468,701 223 2 276 3.78 :Zcr’\cef)sus 255 1600
1] 246 1174 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus obtusifolius Teijsm. Ex Mig. Dau trabeng 25.3 13.2 130.4 41.2 85 335 2135 433,162 1,468,701 223 2 276 3.78 :Zcr’\cef)sus 255 1600
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Plot_I 1D Tree_ID Eco- Family Genus Species.name Local_name D (cm) H(m) Bst(kg) Bbr(kg) Ble(kg) Bba (kg) AGB X Y VN2000 Altitude (m) Slope N BA Soil_type Tmean Rain_annu
D Region Ho Cbi Tén Latin loai Tén loai (kg) VN2000 D¢ cao s/v (d9) (cay/ ha) (m?2.ha) Loai dat T trung al
Ving bién bo doc binh nam P trung
sinh thai (°c) binh nam
(mm)
I} 247 175 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus obtusifolius Teijsm. Ex Mig. ~ Dau trabeng 19.5 9.3 100.5 49.2 9 24.2 182.9 433,162 1,468,701 223 2 276 3.78 Igneous 25.5 1600
I} 248 1176 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus obtusifolius Teijsm. Ex Mig.  Dau trabeng 17.5 8.2 722 26.6 59 235 128.2 433,162 1,468,701 223 2 276 3.78 E?‘lcelf)sus 25.5 1600
I} 249 nr7 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus obtusifolius Teijsm. Ex Mig. ~ Dau trabeng 15.9 7.5 48.6 29.3 6.5 219 106.3 433,162 1,468,701 223 2 276 3.78 E?‘lcelf)sus 25.5 1600
1 250 11 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus obtusifolius Teijsm. Ex Mig.  Dau trabeng 15.2 8 42.1 57 2 204 70.2 435,138 1,476,014 218 5 572 12.59 E?‘lcelf)sus 25.5 1600
1 251 1119 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus obtusifolius Teijsm. Ex Mig. ~ Dau trabeng 22.2 9.6 112.7 30.7 57 40.8 190 435,138 1,476,014 218 5 572 12.59 E?‘lcelf)sus 25.5 1600
1 252 11162 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus obtusifolius Teijsm. Ex Mig. Dautrabeng 17.2 45 25.2 239 58 18.9 73.8 435,138 1,476,014 218 5 572 12.59 E?nztsus 255 1600
1 253 171 CH Dipterocarpaceae  Shorea Shorea siamensis Miq. Cam lien 114 3.2 10.8 25 2.8 9.7 483 435,138 1,476,014 218 5 572 12.59 E?nztsus 255 1600
1 254 1174 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus obtusifolius Teijsm. Ex Migq. Dautrabeng 21.7 7.8 98.8 46.5 6.1 29.1 180.4 435,138 1,476,014 218 5 572 12.59 E?nztsus 255 1600
1 255 111143 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus obtusifolius Teijsm. Ex Mig. Dautrabeng 26.4 9 140.5 42.1 6.1 38.7 2274 435,138 1,476,014 218 5 572 12.59 E?nztsus 255 1600
1 256 11151 CH Dipterocarpaceae  Shorea Shorea siamensis Miq. Cam lien 10.8 4 11.2 3.7 19 9.7 26.5 435,138 1,476,014 218 5 572 12.59 E?nztsus 255 1600
1 257 111133 CH Dipterocarpaceae  Shorea Shorea siamensis Miq. Cam lien 11 31 11.2 28.7 23 8.7 50.8 435,138 1,476,014 218 5 572 12.59 E?nztsus 255 1600
1 258 111134 CH Dipterocarpaceae  Shorea Shorea siamensis Miq. Cam lien 15.6 75 416 30.3 2.7 35.8 110.4 435,138 1,476,014 218 5 572 12.59 E?nztsus 255 1600
1 259 111146 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus obtusifolius Teijsm. Ex Mig. Dau trabeng 25 6.7 155.9 31.4 75 40 234.8 435,138 1,476,014 218 5 572 12.59 E?nztsus 255 1600
1 260 1118 CH Dipterocarpaceae  Shorea Shorea siamensis Miq. Cam lien 16.6 6.2 35.3 25.2 26 26.7 89.7 435,138 1,476,014 218 5 572 12.59 :Z?lcetsus 255 1600
1 261 115 CH Dipterocarpaceae  Shorea Shorea siamensis Miq. Cam lien 274 7.6 93.1 89 38 49.6 235.5 435,138 1,476,014 218 5 572 12.59 :Z?]ZZSUS 255 1600
\Y 262 1v81 CH Dipterocarpaceae  Shorea Shorea obtusa Wall. ex Blume Ca chac 22.7 6.1 62.3 75.6 41 243 166.2 434,034 1,472,905 226 3 320 6.93 :Z?]ZZSUS 255 1600
\Y 263 1V16 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus obtusifolius Teijsm. Ex Mig. Dautrabeng 21.8 45 935 78.3 10.5 29.8 212.1 434,034 1,472,905 226 3 320 6.93 :Z?]ZZSUS 255 1600
\Y 264 V2 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus obtusifolius Teijsm. Ex Mig. Dau trabeng 20.5 5.2 775 7.7 39 22.6 181.7 434,034 1,472,905 226 3 320 6.93 :Z?]ZZSUS 255 1600
\Y 265 V3 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus obtusifolius Teijsm. Ex Mig. Dau trabeng 23.2 7.8 128.9 78.5 8.6 32 248 434,034 1,472,905 226 3 320 6.93 :Z?]ZZSUS 255 1600
\Y 266 V14 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus obtusifolius Teijsm. Ex Mig. Dautrabeng 22.3 55 100.9 69.3 8.8 29.5 208.5 434,034 1,472,905 226 3 320 6.93 :Z?]ZZSUS 255 1600
\Y 267 V22 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus obtusifolius Teijsm. Ex Mig. Dau trabeng 14.5 3.4 216 6 16 111 40.2 434,034 1,472,905 226 3 320 6.93 :Z?]ZZSUS 255 1600
\Y 268 1V10 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus obtusifolius Teijsm. Ex Mig. Dautrabeng 17.3 7.6 56.1 22.1 31 19.6 100.9 434,034 1,472,905 226 3 320 6.93 :Z?]ZZSUS 255 1600
\Y 269 1V20 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus obtusifolius Teijsm. Ex Mig. Dau trabeng 20.3 7.4 58.7 17.6 2.7 28.3 107.3 434,034 1,472,905 226 3 320 6.93 :Z%cef)sus 255 1600
\Y 270 V21 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus obtusifolius Teijsm. Ex Mig. Dautrabeng 15.4 8.1 315 13.9 23 19.4 67.1 434,034 1,472,905 226 3 320 6.93 :Zcr’\cef)sus 255 1600
\Y 271 V31 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus obtusifolius Teijsm. Ex Mig. Dautrabeng 14.5 5.9 39.9 40.5 2.7 16.3 99.4 434,034 1,472,905 226 3 320 6.93 :Zcr’\cef)sus 255 1600
\Y 272 V44 CH Leguminosae Sindora Sindora siamensis Mig. Go mat 27.4 9.8 158.6 78.7 25 46.2 285.9 434,034 1,472,905 226 3 320 6.93 :Zcr’\cef)sus 255 1600
\Y 273 145 CH Leguminosae Sindora Sindora siamensis Mig. Go mat 25.8 10 129.8 345 24 39.1 205.8 434,034 1,472,905 226 3 320 6.93 :Zcr’\cef)sus 255 1600
\Y 274 1v83 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus obtusifolius Teijsm. Ex Mig. Dau trabeng 35.1 9 195.5 79.8 6.6 28.7 310.6 434,034 1,472,905 226 3 320 6.93 :Zcr’\cef)sus 255 1600
\Y 275 1v84 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus obtusifolius Teijsm. Ex Mig. Dautrabeng 22.1 35 91.7 58.7 41 214 175.7 434,034 1,472,905 226 3 320 6.93 :Zcr’\cef)sus 255 1600
\Y 276 V24 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus obtusifolius Teijsm. Ex Mig. Dautrabeng 11.4 6.4 129 49 12 9.9 28.9 434,034 1,472,905 226 3 320 6.93 :Zcr’\cef)sus 255 1600
\% 277 V86 CH Dipterocarpaceae  Shorea Shorea siamensis Mig. Cam lien 48.2 12.3 752.1 377.7 19.3 101.7 1250.8 433,507 1,472,965 206 5 336 7.1 :Zcr’\cef)sus 255 1600
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Plot_I 1D Tree_ID Eco- Family Genus Species.name Local_name D (cm) H(m) Bst(kg) Bbr(kg) Ble(kg) Bba (kg) AGB X Y VN2000 Altitude (m) Slope N BA Soil_type Tmean Rain_annu
D Region Ho Cbi Tén Latin loai Tén loai (kg) VN2000 D¢ cao s/v (d9) (cay/ ha) (m?2.ha) Loai dat T trung al
Ving bién bo doc binh nam P trung
sinh thai (°c) binh nam
(mm)
\% 278 V87 CH Dipterocarpaceae  Shorea Shorea obtusa Wall. ex Blume Ca chac 285 9.3 262.1 151.6 10.3 46.5 470.5 433,507 1,472,965 206 5 336 7.1 Igneous 25.5 1600
\% 279 V43 CH Dipterocarpaceae  Shorea Shorea siamensis Mig. Cam lien 155 7.6 42.4 20.3 43 385 105.5 433,507 1,472,965 206 5 336 7.1 E?‘lcelf)sus 25.5 1600
\% 280 V46 CH Dipterocarpaceae  Shorea Shorea siamensis Mig. Cam lien 176 6.6 221 9.8 2.6 17.2 517 433,507 1,472,965 206 5 336 7.1 E?‘lcelf)sus 25.5 1600
\% 281 \Z¥ CH Dipterocarpaceae  Shorea Shorea siamensis Mig. Cam lien 129 7.5 30.7 15.4 3.4 21.7 773 433,507 1,472,965 206 5 336 7.1 Fg?‘lcelf)sus 25.5 1600
\% 282 V55 CH Dipterocarpaceae  Shorea Shorea siamensis Mig. Cam lien 375 8.2 169.1 165.1 10 42.6 386.8 433,507 1,472,965 206 5 336 7.1 E?‘lcelf)sus 25.5 1600
\% 283 V59 CH Dipterocarpaceae  Shorea Shorea siamensis Miq. Cam lien 18.8 6.8 48.9 233 44 39.6 116.2 433,507 1,472,965 206 5 336 7.1 E?nztsus 255 1600
\% 284 V69 CH Dipterocarpaceae  Shorea Shorea siamensis Miq. Cam lien 36 8.6 275.5 94 123 416 423.4 433,507 1,472,965 206 5 336 7.1 :Z?nztsus 255 1600
\% 285 V61 CH Dipterocarpaceae  Shorea Shorea siamensis Miq. Cam lien 16.9 6.7 50.3 238 57 36 115.9 433,507 1,472,965 206 5 336 7.1 E?nztsus 255 1600
\% 286 V18 CH Dipterocarpaceae  Shorea Shorea siamensis Miq. Cam lien 14.1 6.9 19.5 9.1 2.8 21 52.4 433,507 1,472,965 206 5 336 7.1 E?nztsus 255 1600
\% 287 V21 CH Dipterocarpaceae  Shorea Shorea siamensis Miq. Cam lien 16.2 7.4 42.7 213 6.1 24 94 433,507 1,472,965 206 5 336 7.1 E?nztsus 255 1600
\Y| 288 V181 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus obtusifolius Teijsm. Ex Mig. Dautrabeng 29.1 7.6 206.6 134.6 7.9 313 380.5 433,822 1,432,747 214 3 320 7.19 E?nztsus 255 1600
\Y| 289 V182 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus obtusifolius Teijsm. Ex Migq. Dau trabeng 33.3 11.7 182.5 52.1 6.5 489 290.1 433,822 1,432,747 214 3 320 7.19 E?nztsus 255 1600
\Y| 290 V146 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus obtusifolius Teijsm. Ex Mig. Dautrabeng 41.2 116 446.2 166.8 16.2 75.5 704.7 433,822 1,432,747 214 3 320 7.19 E?nztsus 255 1600
\Y| 291 VI20 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus obtusifolius Teijsm. Ex Mig. Dau trabeng 23.5 9.9 129.4 47.9 57 46.6 229.7 433,822 1,432,747 214 3 320 7.19 :Z?lcetsus 255 1600
\Y| 292 VI14 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus obtusifolius Teijsm. Ex Mig. Dautrabeng 22.2 10.4 173.6 449 48 46.7 270 433,822 1,432,747 214 3 320 7.19 :Z?]ZZSUS 255 1600
\Y| 293 VI18 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus obtusifolius Teijsm. Ex Mig. Dautrabeng 15.4 7.5 52 21.8 33 229 100 433,822 1,432,747 214 3 320 7.19 :Z?]ZZSUS 255 1600
\Y| 294 VI24 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus obtusifolius Teijsm. Ex Mig. Dautrabeng 14.6 115 36.5 9.4 22 16.6 64.7 433,822 1,432,747 214 3 320 7.19 :Z?lcetsus 255 1600
\Y| 295 VI25 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus obtusifolius Teijsm. Ex Mig. Dautrabeng 12.7 6.1 274 7.7 21 12 49.2 433,822 1,432,747 214 3 320 7.19 :Z?]ZZSUS 255 1600
\Y| 296 Vi21 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus obtusifolius Teijsm. Ex Mig. Dautrabeng 16.4 8.9 58.4 10.2 29 215 92.9 433,822 1,432,747 214 3 320 7.19 :Z?]ZZSUS 255 1600
\Y| 297 VI33 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus obtusifolius Teijsm. Ex Mig. Dau trabeng 20.2 7 74.3 35.6 53 27.3 142.4 433,822 1,432,747 214 3 320 7.19 :Z?]ZZSUS 255 1600
\Y| 298 VI33 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus obtusifolius Teijsm. Ex Mig. Dautrabeng 19.2 8.6 78.6 31.4 35 37.8 151.3 433,822 1,432,747 214 3 320 7.19 :Z?]ZZSUS 255 1600
\Y| 299 VI36 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus obtusifolius Teijsm. Ex Mig. Dautrabeng 16.3 7.5 51.2 35.7 2.8 19.6 109.4 433,822 1,432,747 214 3 320 7.19 :Z?]ZZSUS 255 1600
\Y| 300 V139 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus obtusifolius Teijsm. Ex Mig. Dautrabeng 14.1 5 24 26.5 3.7 12.4 66.6 433,822 1,432,747 214 3 320 7.19 :Z%cef)sus 255 1600
Vil 301 V11108 CH Dipterocarpaceae  Shorea Shorea siamensis Miq. Cam lien 17.9 6.5 63.4 36.5 2 314 133.2 434,686 1,473,587 223 3 428 7.63 :Zcr’\cef)sus 255 1600
Vil 302 V11109 CH Dipterocarpaceae  Shorea Shorea siamensis Miq. Cam lien 219 4.2 61.3 58.1 32 22.6 145.2 434,686 1,473,587 223 3 428 7.63 :Zcr’\cef)sus 255 1600
Vil 303 VII110 CH Dipterocarpaceae  Shorea Shorea siamensis Miq. Cam lien 285 6.2 87.1 66 35 55.3 211.9 434,686 1,473,587 223 3 428 7.63 :Zcr’\cef)sus 255 1600
Vil 304 VII111 CH Dipterocarpaceae  Shorea Shorea siamensis Miq. Cam lien 135 4.7 19.3 19.2 16 17 57.2 434,686 1,473,587 223 3 428 7.63 :Zcr’\cef)sus 255 1600
Vil 305 V11104 CH Dipterocarpaceae  Shorea Shorea siamensis Miq. Cam lien 15.1 6.5 313 16.6 25 22.3 72.8 434,686 1,473,587 223 3 428 7.63 :Zcr’\cef)sus 255 1600
Vil 306 V11106 CH Dipterocarpaceae  Shorea Shorea siamensis Miq. Cam lien 22.2 8 575 253 38 431 129.7 434,686 1,473,587 223 3 428 7.63 :Zcr’\cef)sus 255 1600
Vil 307 VII13 CH Dipterocarpaceae  Shorea Shorea siamensis Miq. Cam lien 111 6.6 15.1 9.3 23 135 40.2 434,686 1,473,587 223 3 428 7.63 :Zcr’\cef)sus 255 1600
Vil 308 VII15 CH Dipterocarpaceae  Shorea Shorea siamensis Miq. Cam lien 138 5.4 29.1 23.4 3.7 20.6 76.8 434,686 1,473,587 223 3 428 7.63 :Zcr’\cef)sus 255 1600
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Plot_I 1D Tree_ID Eco- Family Genus Species.name Local_name D (cm) H(m) Bst(kg) Bbr(kg) Ble(kg) Bba (kg) AGB X Y VN2000 Altitude (m) Slope N BA Soil_type Tmean Rain_annu
D Region Ho Cbi Tén Latin loai Tén loai (kg) VN2000 D¢ cao s/v (d9) (cay/ ha) (m?2.ha) Loai dat T trung al
Ving bién bo doc binh nam P trung
sinh thai (°c) binh nam
(mm)
Vil 309 V11112 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus obtusifolius Teijsm. Ex Mig. ~ Dau trabeng 38.8 10.1 288.6 152 9.6 47.6 497.7 434,686 1,473,587 223 3 428 7.63 Igneous 25.5 1600
Vil 310 VII113  CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus obtusifolius Teijsm. Ex Mig. ~ Dau trabeng 36.6 127 405 2344 10.2 874 736.9 434,686 1,473,587 223 3 428 7.63 E?‘lcelf)sus 25.5 1600
Vil 311 V1114  CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus obtusifolius Teijsm. Ex Mig. ~ Dau trabeng 15.9 9 48.2 75 29 15.3 739 434,686 1,473,587 223 3 428 7.63 Fg?‘lcelf)sus 25.5 1600
Vil 312 VII115 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus obtusifolius Teijsm. Ex Mig. ~ Dau trabeng 22.7 7.5 28 6.2 31 127 50 434,686 1,473,587 223 3 428 7.63 Fg?‘lcelf)sus 25.5 1600
Vil 313 VII116  CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus obtusifolius Teijsm. Ex Mig. ~ Dau trabeng 9.7 41 6.5 133 14 6.7 28 434,686 1,473,587 223 3 428 7.63 Fg?‘lcelf)sus 25.5 1600
Vil 314 VIli64 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus tuberculatus Roxb. Dau dong 20.5 5.2 66.6 85.3 2 17.3 171.2 419,329 1,467,850 171 0 252 5.29 E?nztsus 255 1600
Vil 315 VII165 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus tuberculatus Roxb. Dau dong 20.5 7.6 67.3 495 32 19.6 139.5 419,329 1,467,850 171 0 252 5.29 E?nztsus 255 1600
Vil 316 VIII67 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus tuberculatus Roxb. Dau dong 217 6.5 83.6 55.6 32 18.9 161.4 419,329 1,467,850 171 0 252 5.29 E?nztsus 255 1600
Vil 317 V11168 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus tuberculatus Roxb. Dau dong 26 58 103 100.9 45 28.3 236.7 419,329 1,467,850 171 0 252 5.29 E?nztsus 255 1600
Vil 318 V1169 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus tuberculatus Roxb. Dau dong 145 44 19.8 13.7 16 8.4 435 419,329 1,467,850 171 0 252 5.29 E?nztsus 255 1600
Vil 319 VII71 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus tuberculatus Roxb. Dau dong 9.5 2.7 8.6 8.1 0.4 4 211 419,329 1,467,850 171 0 252 5.29 E?nztsus 255 1600
Vil 320 VIIT72 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus tuberculatus Roxb. Dau dong 19.3 51 925 78 8.8 274 206.8 419,329 1,467,850 171 0 252 5.29 E?nztsus 255 1600
IX 321 1X88 CH Combretaceae Terminalia Terminalia corticosa Pierre ex Laness. Chieu lieuoi 12 3.9 50 253 0.8 20.2 96.3 420,609 1,465,803 175 0 348 3.96 E?nztsus 255 1600
IX 322 1X89 CH Combretaceae Terminalia Terminalia corticosa Pierre ex Laness. Chieu lieuoi 21 4.8 785 88.5 4 18.4 189.4 420,609 1,465,803 175 0 348 3.96 :Z?lcetsus 255 1600
IX 323 1X91 CH Dipterocarpaceae  Shorea Shorea obtusa Wall. ex Blume Ca chac 8 4.2 51 0.7 0.6 2.7 9.1 420,609 1,465,803 175 0 348 3.96 :Z?]ZZSUS 255 1600
IX 324 1X92 CH Dipterocarpaceae  Shorea Shorea obtusa Wall. ex Blume Ca chac 7.5 33 7 0.7 0.9 4 125 420,609 1,465,803 175 0 348 3.96 :Z?]ZZSUS 255 1600
IX 325 1X93 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus tuberculatus Roxb. Dau dong 7 4 25 0.8 0.7 1.9 5.9 420,609 1,465,803 175 0 348 3.96 :Z?]ZZSUS 255 1600
IX 326 1X94 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus tuberculatus Roxb. Dau dong 7.5 45 3 12 1 3.1 8.4 420,609 1,465,803 175 0 348 3.96 :Z?]ZZSUS 255 1600
IX 327 1X95 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus tuberculatus Roxb. Dau dong 7 4.3 2.6 0.7 0.7 21 6.1 420,609 1,465,803 175 0 348 3.96 :Z?]ZZSUS 255 1600
IX 328 1X96 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus tuberculatus Roxb. Dau dong 6 3.9 2.2 0.4 0.4 18 4.8 420,609 1,465,803 175 0 348 3.96 :Z?]ZZSUS 255 1600
IX 329 1X97 CH Dipterocarpaceae  Dipterocarpus  Dipterocarpus tuberculatus Roxb. Dau dong 6.2 4.2 12 11 1 0.8 4.2 420,609 1,465,803 175 0 348 3.96 :Z?]ZZSUS 255 1600
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Phu luc 9: Mot sb hinh anh nghién cau
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