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MO HINH ’O’'C TINH SINH KHOI
TREN MAT PAT CAY RUNG KHOP PUQ'C PIEU CHINH
THEO CAC NHAN TO SINH THAI VA MOI TRUONG RUNG

Nguyén Thi Tinh', Bao Huy?

! Truong Dai hoc Tay Nguyén
 Tuw véan doc lap

TOM TAT

Muc dich ciia nghién ciru 1a danh gia dé lya chon mé hinh wdc tinh sinh khéi cay
rimg khop (4GB) dudi anh hudng cta cac nhan t6 sinh thai méi trudng rimg nhim
nang cao do tin cay. Ap dung phuong phap rut mau chat ha véi 329 cay miu dé thu
thap di lidu sinh khdi; stir dung phuong phap udc lugng mé hinh phi tuyén co trong

Tir khé“,~' Mo hinh $6, cb dinh hodc xét anh hudng cua cac nhan t6 theo Maximum Likelihood va thAm
sinh khoi, nhan to

sinh thai, rimg khop dinh chéo K-Fold v6i K=10 dé so sanh sai s6 va lya chon mo hinh. Két qua cho théy

timg nhén t5 sinh thai, moi truong rimg khong anh huong dén 4GB, trong khi do
anh huéng tdng hop cic nhén 6 sinh thai, méi treong ring dén mé hinh AGB 14 15
rét, thong qua dang mé hinh AGB = AVERAGE x MODIFIER véi d0 tin cdy dugc
nang cao rd rét so voi md hinh khong c6 su tham gia cac nhan t6 nay.

Allometric equation for estimating tree above ground biomass modified by
ecological and forest environmetal factors in dipterocarp forests

The purpose of the study was to validate and select the best model for estimating
tree above ground biomass (4GB) in dry dipterocar forests under the influence of
ecological and forest environemtal factors to improve the reliability. A total of 329

Keywords:

Biomass equation, trees were destructively sampled to obtain a dataset of the dry biomass of AGB; The
dipterocarp forest, estimation methods for equations were weighted nonlinear fixed/mixed models
ecological factor. with/without random effects fit by Maximum Likelihood; Using K-fold cross

validation with K = 10, we compared 4GB predictions from developed 4GB models
with and without ecological or forest environmetal factors. As a result, each
ecological or forest environmetal factor did not affect AGB, while the combined
factors effect to AGB model through the form: AGB = AVERAGE x MODIFIER

that was significantly more reliable than model without these factors involved.

79



Tap chi KHLN 2020

Nguyén Thi Tinh et al., 2020 (S6 4)

I. PAT VAN DE

Rung khop (Rung nhiét dé1 kho rung la cay ho
Déu wu thé - Tropical Deciduous Dry Dipterocarp
Forest, viét tit Dipterocarp Forest - DF) c6 vai
trd quan trong trong giam nhe bién d6i khi hau
nhd ning lyc tich lily carbon ctia néd. Bé wéc
tinh kha nang hip thu khi nha kinh CO; cua
rimg khop 1am co s& phat trién dich vy sinh
thai rimg, can c6 hé thong mo hinh uée tinh
sinh khéi, carbon cho kiéu rimg dic thi nay ¢
Viét Nam, Dong Nam A vaNam A.

Hién tai ddi véi mo hinh udc tinh sinh khdi,
carbon ciy rimg khop trong nudc va trén thé
giéi chi méi mot vai cong bd qubc té do 1a
Huy va dong tic gia. (2016¢) va Kralicek va
dong tac gia (2017) ¢ Viét Nam va Basuki va
dong tac gia (2009) cho Indonesia. Kralicek va
ddng tac gia (2017) 1a mot cong bd hiém hoi
dé cap dén moé hinh wdc tinh sinh khéi dudi
mit dat (BGB) cla ciy rimg khop; vi sy kho
khan va chi phi cao cua viéc thu thap dir li¢u
sinh khdi ctia hé ré cay rimg.

Phuong phap thiét 1ap mé hinh sinh khéi ciing
rat da dang. Tu lya chon bién s cho md hinh,
kiéu dang mé hinh, phuong phép thiét lap mo
hinh va thAm dinh sai s, trong do co6 ba bién
s6 doc 1ap dé md hinh cho dd tin cay cao la
duong kinh ngang nguc (D), chidu cao (H) va
khéi luong thé tich (WD) d6i voi mé hinh 1ap
chung cho nhiéu loai va & cac ving sinh thai
khac nhau; ham mii power tuy khong phai co
d6 chinh xé4c cao nhét so vdi cic md hinh phirc
tap khac, nhung to ra phu hop trong nhiéu
truong hop (Picard et al., 2015); va phuong
phap 1ap mé hinh phi tuyén tinh co trong sb
theo Maximum Likelihood cho dd tin cdy cao
hon 1a tuyén tinh héa theo log; va thim dinh
chéo phan anh khach quan sai sb ciia mé hinh
sinh khoi (Chave et al., 2005, 2014; Huy et al.,
2016a, b, c, 2019).

Mit khéc, sinh khdi cdy rimg thuong khong
chi c6 quan hé védi cac bien dicu tra cay rung
ma con bi chi phoi bdi cac nhan to sinh thai
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moi truong rimg khi mé hinh lap trén nhiéu
vung sinh thai va trang thai rirng khac nhau.

Vi vdy, nghién ctru ndy nham muc dich thiét
1ap va thdm dinh chéo mé hinh udc tinh sinh
khdi trén mat dat cay ring khop trong d6 co
diéu chinh theo cac nhén t6 sinh thai méi
trudng rung dé cai thién do tin cay.

II. VAT LIEU VA PHUONG PHAPNGHIEN CU'U
2.1. Pic diém khu vwe nghién ciru

Dt li€u dugc thu thap ¢ hai vung sinh thai do
la vung Tay Nguyén (CH) va BPong Nam B¢
(SE). Cac dia diém nghién ctru nim & vi do
Béc: 11020'N - 13030'N va kinh d6 Déng:
107035'E - 108045'E (hinh 1).

Luong mua trung binh hang nam & CH la
1.600 mm va ¢ SE la 1.003 mm, v&i nhiét do
trung binh hang nam 1a 25,3 - 25,5°C, mua
kh6 kéo dai 3 - 4 thang. B0 cao so vdi mit
bién trong cic ving nghién ciru nam trong
khoang tur 171 dén 417 m, dia hinh coa khu
vuc nghién ctru twong d6i bang phang va dét
cht yéu c6 ngudn gbc nii da lira. (Ngudn: Tir
nghién cuu; Hijmans et al., 2005; Fischer
et al., 2008).

2.2. Thu thép s6 li¢u sinh khdi trén cdy miu
chat ha va dir li€u sinh thai moi truong va
1am phan nghién ciru

Hai muoi tdm 6 mau 0,25 ha tai Tay Nguyén
(CH), ving phan bd chu yéu cia rimg khop &
Viét Nam va mot 6 mau 1 ha trong ving sinh
thai Pong Nam B¢ (SE) di dugc thiét lap
(hinh 1). Trong 6 mau, loai cAy gd riung duoc
xac dinh, do cay c6 duong kinh ngang nguc
(D, cm) > 5cm va chiéu cao cia cay (H, m).
Rung khop nghién ctru c6 mat do (N, cay/ha)
tir 228 - 1.291 cay/ha (v6i D > 5cm), tong tiét
dién ngang (BA, m*/ha) dao dong tir 3,8 dén
23,4 m*/ha (bang 1).

Trong mdi 6 mau, khu vuc nghién ciu thu
thap cac dir li¢u sinh thai moi truong nhu do
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cao so voi mat bién (Altitude, m), d6 dbc
(Slope, d9), lugng mua trung binh nam
(P, mm/nam), nhi¢t d0 trung binh nam
(T, °C/nam), loai dat (Ngudn: Tir nghién ctru,
Hiymans et al., 2005; Fischer et al., 2008) trinh

bay trong bang 1, trong d6 cac nhén t& ¢ su
bién dong dugc nghién ctru anh huéng ngiu
nhién dén mo hinh sinh khéi nhu khac nhau
hai vung sinh thai, Altitude, P, BA va N.
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Hinh 1. Ban do phan b cac 6 mau nghién ctru trong rimg khop
0 Tay Nguyén (CH) va Bong Nam B§ (SE)

M6 hinh sinh khdi trong nghién ctru nay
hudng dén dat do tin ciy cao theo yéu cau cia
IPCC (2003, 2006), do vay dir li¢u sinh khdi
dau vao dé lap mé hinh sinh khéi ciy rimg
duogc thu thap tryc tiép theo phuong phap rat
mau chit ha (destructive sampling). Rung
khop hdn loai, khac tudi, nén lya chon ciy liy
mau ty 1é thuan véi phan b duong kinh cia
1am phan (hinh 2).

Dya vao Picard va dong tac gia (2012) va
Dutcd va dong tac gia, (2020) dé xac dinh sd
cdy mau phu hop, dat do tin cay dé 1ap mo
hinh (tr 100 - 166 cAy mau); vi vay trong
nghién ciru nay cé tong cong 329 ciy mau
duoc chit ha dé thu thap dit lidu sinh khdi twoi
va lay mau dé xac dinh ty 18 sinh khdi kho/tuoi
cac bd phan ciy rimg; trong do bao gom 222

cAy mau tir bo dit liéu cia Huy va dong tac gia
(2016¢) va 107 cdy dugc ldy mau tir nghién
cliu nay, nham tﬁng cuong sb liéu cho cac ho,
chi va loai uu thé rimg khop.

Trudce khi chét ha cay mau, tién hanh do D, H
va xac dinh loai ciia mdi cdy mau. Chiéu cao
cay duoc do lai sau khi cdy mau da duoc chit.
Khdi lwong sinh khi tuoi ciia cac bo phéan ciy
nhu 14, canh va théan cay c6 vé dugc can va ghi
chép. Than cidy mau dugc phan thanh nim
doan co chiéu dai bang nhau va do duong kinh
c6 va khong c6 vo cla cay tai vi tri 5 doan dé
tach sinh khéi than cdy va vo. Mau cta bo
phan gb va vé cdy mau la 500 g va 300 g va
dugc ldy 5 miu ¢ 5 doan trén than ciy. Mau
ctia canh 1 500 g va thu thap 3 mau & ba vi tri
trén canh (16n, trung binh va nho).
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Bang 1. Bién dong dit liéu cac nhan t6 sinh thai méi trudng rimg khdp nghién ctru

Nhan t6 silrlh thai méi trwong, T6i thidu Trung binh Téi da Sai tiéu
am phan chuan Sd

D0 cao so v&i mat bién (Altitude, m) 171 246 417 64,6
D6 déc (Slope, °) 0 2,0 8,0 2,2
Lwong mwa trung binh nam (P, mm/nam) 1.003 1.502 1.600 221,5
Nhiét d6 trung binh nam (T, °C) 25,3 254 25,5 0.07
Loai dat Phat trién trén nui da Itra (Igneous Rocks)

Tiét dién ngang rirng khop (BA, m?haveiD 25 cm) 3,78 12,62 23,41 5.61
Mat do rirng khdp (N, cay/ha véi D =2 5 cm) 228 534 1292 256,4

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

Mau 14 13 300 g bao gdm hai mau la gia va
non. Cic mau cia bdn thanh phan sinh khéi
cta cdy di duogc dua dén phong thi nghiém dé
tinh ty 1& khéi lugng kho/tuoi, va khéi luong
thé tich gb (WD, g/cm3 ).

Khi ¢ trong phong thi nghiém, thé tich twoi
ciia mau gd duoc xac dinh bang phuong phap
nude chiém chd trong dng nghiém. Tat ca cac
mau déu duoc ché nho va sdy kho & 105°C cho
dén khbi lu:ong khéng d6i. Khoi hrorng thé tich
(WD g/cm ) cia mau duoc 1iy bang ty s6 glua
khoi lu(mg kho va thé tich tuoi cia mdi mau.
WD ctia mdi cdy mau g dugc tinh trung binh
lay tir nam phan doan (Huy et al., 2016a).

Sinh khéi khé ciia mdi thanh phan cay di duoc
tinh toan theo khdi luong twoi ctia nd nhéan véi
ty 1¢ tuoi/khd. Sinh khdi ciy rimg trén mat dat
(AGB, kg) cia mdi cay la tong sinh khdi cua
than cay (By), sinh khdi caa canh nhanh (Bor),
sinh khdi 14 (B)) va sinh khdi cua vo cay (Bs,)
(Huy et al., 2016a).

2.3. Phwong phap thiét 1dp méd hinh wéc
tinh sinh Kkhoi cdy ring khop duéi anh
hwéng cia timg nhin t6 sinh thai méi
trudng rirng

2.3.1. Lwa chon bién sé dau vao, doc lip
(Predictor(s)) cho mé hinh sinh khéi cdy
rung khop AGB

Nghién clru nay theo Huy et al. (2016¢) st
dung ba bién sé dau vao 1a D, H va WD cho
mé hinh wéc tinh AGB dé dat do tin cay
cao nhit.

2.3.2. Chon dang phwong trinh sinh khoi
cdy rirng

Dua trén cac két qua nghién ctru dd céng bd
trong va ngoai nudc (Brown, 1997; Basuki et
al., 2009; Chave et al., 2005, 2014; Picard et
al., 2015; Huy et al., 2016a, b, c), nghién ciru
nay ap dung ham Power dé 1ap va tham dinh
hé thong mé hinh sinh khdi cay rimg khop.
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Hinh 2. Phan bb duong kinh (D, cm) (bén trai dudi) va chiéu cao (H, m) (bén phai dudi)
ctia cac cay duoc ldy mau chit ha ty 1é theo phan b N/D (bén trén) cta ring khop
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2.3.3. Phwong phdp xét dnh hwong ngiu
nhién ciia tieng nhin t6 sinh thdi, moi
trwong, laim phan dén mé hinh sinh khoi

St dung phuong phap “Hop ly cuc dai”
(Maximum Likelihood) ¢6 trong s6 va co xét
dén anh huong ngiu nhién ciia cac nhan td sinh
thai moi truong, 1am phan 1én mo hinh phi
tuyén (Weighted Nonlinear Mixed Models with
Random Effects fit by Maximum Likelihood).
Céc nhén t6 sinh thai méi trudng va 1am phan
¢6 su bién dong ¢ cac 6 mau khac nhau dugc
nghién ciru dnh huéng ngiu nhién (random
effect) nhu ving sinh thai (gdm 2 vung: Tay
Nguyén (CH) va Péng Nam bd (SE)), d6 cao
so v6i mat bién (gdm 3 cip: Altitudel: < 200
m. Altitude2: 201 - 350 m; Altitude3: > 350
m), luong mua trung binh nam (P, mm/nam,;
gom 2 cép: P1 = 1.003 ; P2 = 1.600), tong tiét
dién ngang 1am phan (BA, m?/ha; gdbm 3 cip:
BAT1: <10; BA2: 11 - 20; BA3: > 20), mat do
cay rung (N, cay/ha; gdbm 3 cip: N1: < 300;
N2: 301 - 700; N3: > 700) duoc xem xét su tac
dong riéng 1& cua chung 1én cac tham sb cia
mo hinh sinh khéi.

Ap dung kiéu dang mé hinh power tdng quat
nhu sau (Huy et al., 2016a, b, c; Kralicek
etal.,2017):

Y= (a+a) xX; PP 4 g )
Eij~ iid N(O,GZ)

Trong do: Yj la AGB (kg) ung voi cay thu j
trong cdp nhan t6 i cua cac yéu té sinh thai
moi trudng ring anh hudng ngau nhién; o va B
1a tham s6 cia mo hinh; a; va b; 1a thay doi
cta tham sb theo cép i; Xjj la cac bién s6 D
(cm), H (m), WD (g/em’) Gmg v6i ciy thir ]
trong cp nhén t6 i; va g; ; 1a sai sO ngau nhién
mg véi cay thir j va cap nhan t6 i.

Mot ham Rhuqng sai theo trong sér da duoc
ap dung d¢ di€u chinh cac tham s6 cua mé
hinh nham giam bién dong sai s6 nay. Ham

phuong sai c6 dang nhu sau (Huy ef al,
20164, b, c; 2019):

Var(e;) = 62(v;j)?8 2)

Trong do. &; la sai s6 ngdu nhién; o 2 1a sai sb
binh phuong; vj; la bién trong s6 (D, D’H
hodc D’HWD) tuong tng véi ciy th j va cip
nhén t6 anh hudng i; va J 1a hé s6 cia ham
phuong sai.

St dung phin mém mi ngudn md R theo
chuong trinh nlme dé thiét 1ap mo hinh phi
tuyén co trong s6 c6 xét anh hudng ngau nhién
theo phuong phap Maximum Likelihood
(Bates, 2010; Pinheiro et al., 2014; Huy et al.,
2016a) va chan doan do tin cdy, sai sb ciia md
hinh qua cac dd thi dugc thuc hién theo
chuong trinh ggplot2 chay trong R (Wickham
etal.,2013).

2.4. Phwong phap xét dnh hwéng tong hop
ciia cac nhén t6 sinh thai, mdi truong rimg
1én mé hinh sinh khoi

Dang md hinh sinh khdi bao gom hai thanh
phan: M6 hinh sinh khéi trung binh va mé
hinh diéu chinh theo sy thay doi cuia t6 hop
céc bién sd sinh thai, 1am phan (Lessard ef al.
2001) nhu sau:

AGB = AVERAGE x MODIFIER 3)
Trong do:

AVERGE = Y; = a x X;f + &, mé hinh sinh
khdi AGB trung binh dugc lua chon qua tham
dinh chéo K-Fold.

MODIFIER = exp (nhdn to sinh thdi, méi
trwong, lam phan i - gia tri trung binh ciia
tirng nhén t6 i), md hinh diéu chinh gia tri dy
doan sinh khdi AGB khi cac nhén t6 sinh thai,
mdi trudng va 1am phan dong thoi thay doi so
véi trung binh cuia no.

Trong nghién ctru nay, bén nhan t6 bao gom
dd cao so v&i mit bién (Altitude, m), lugng
mua trung binh nam (P, mm/nim), téng tiét
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dién ngang 1am phin (BA, m?*/ha) va mat do
cay rung (N, cay/ha) dugc nghién clru trong
dang mo hinh nay. Gia tri trung binh cua céc
nhén t6 duoc két hgp vao mé hinh MODIFIER
ldy tir bang 1, do d6 gia tri nhan t& thuc té
quan sat dugc cang cao so voi gid tri trung
binh, thi anh huéng dén dy doan sinh khdi
cang 16n.

Dang mo hinh chung la:

Y, =ax X;¥ x exp(b;x (Altitude - 246) (%)
+ byx (P-1502) + byx (BA - 12.62) +
x (N-534)) +¢

Trong d6 Y; 1a vecto gia tri sinh khdi cay rimg
AGB thit j, x; 1a cac bién sb D (cm), H (m),
WD (g/cm’) tmg v6i cay thir j, o va B 1a vecto
tham s6 ¢d dinh ctia md hinh sinh khéi trung
binh da luya chon, by by 1a cac vecto cua cac
tham s6 cta phuong trinh MODIFIER, gié tri i
trong ham MODIIFER 1a gia tri trung binh cua
cac nhan t6 i (dugc trinh bay trong bang 1) va
¢ 12 sai s6 ngiu nhién cia mo hinh.

k 100
Bias (%) = 2 ZYI Ji
k=1 N Yi

Pé thiét 1ap mo6 hinh nay, udc lugng md hinh
phi tuyén tinh c6 trong s6 theo phuong phap
Maximum Likelihood dugc é4p dung, chay
trong theo chwong trinh nlme trong phan mém
R (Lessard et al. 2001; Pinheiro et al., 2014)
(R Core Team, 2019).

2.5. Phwong phép thim dinh chéo sai s6 cac
mé hinh sinh khéi

Str dung phuong phép tham dinh chéo s K-
Fold, trong d6 phén chia dit liéu thanh K phan
bang nhau (K = 10) (Picard ef al., 2012), mot
phan dit liéu (1/10 dit liéu) khong tham gia 1ap
mo hinh dung dé danh gia sai sd, trong khi d6
K-1 phan di liéu (9/10 dit liéu) dung 1ap mo
hinh. Mdi lan nhu vay tinh toan cac chi tiéu
théng ké danh gid, so sanh cic mé hinh nhu
AIC, R? va céac sai sb nhu Bias%, RMSE%,
MAPE%. Tién hanh 1ap lai nhu vay K = 10
lan, va tinh sai sd trung binh tr K lan lip
(Moore, 2017).

Céc sai s6 twong ddi theo phuong phap K-fold
nhu sau:

©)

Kk n

—_

1
RMSE (%) = Ez

=

i=1

100 —Z (“
k=1

Vi

- f’i)z (6)

k100
MAPE (%) = Z Z by =
k=1 I

Trong dé: K 1a sb phan dit liéu bang nhau
duoc phan chia (K-fold), véi K = 10; n 1a s
dir liéu danh gia cia mdi lan va y; va 9; 1a gia
tri quan sat va du doan qua mo hinh.

Pé lya chon md hinh t6i wu qua thdm dinh
chéo sai sb, chi tiéu AIC 13 wu tién, mé hinh c6
AIC bé nhét 1a t6t nhét, két hop voi R* cang
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cao cang tot. Trong truong hop cac mo hinh c6
AIC xap xi nhau thi mé hinh c6 céc sai so0 bé
hon 1a ¢6 d¢ tin cay hon va dugc lya chon.

Cudi cung, sau khi lya chon dang m6 hinh nho
tham dinh chéo va xac dinh duoc cac sai sd
cia mo hinh lya chon; mé hinh lya chon duogc
thiét 1ap lai dwa vao toan bo dit liéu.
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III. KET QUA VA THAO LUAN

3.1. Anh hwéng ngiu nhién cia tirng nhin
t6 sinh thai, mdi trudong rirng 1én md hinh
sinh khoi trén mit dat ciy rimg khop AGB

Nghién ctru nay xem xét anh huong cta tung
nhén t6 sinh thai, méi truong va 1am phan 1én
md hinh udc tinh sinh khdi da lwa chon qua thim
dinh chéo K-Fold: AGB = a x Db x Hc x WDd.

Céc nhan t6 sinh thai, 1am phan duoc nghién
ctu 1a vung sinh khai khac nhau (CH va SE);
cip do cao so voi miat bién (Altitude, m),

Ivong mua khac nhau (P, mm/nam); cép mat
d6 1am phan (N, cay/ha), cip tong tiét dién
ngang (BA, m”*/ha).

St dung phuong phép phi tuyén cé trong s6 va
xét anh huong ngiu nhién cta cac nhan td
(random effects) dén moé hinh theo phuong
phap Maximum Likelihood va tham dinh chéo
K-Fold dé danh gia co6 hay khong sy anh
hudng ciia timg nhén t6 1én mo hinh wdc tinh
AGB chung cho cic loai cdy rimg khop. Két
qua dugc trinh bay ¢ bang 2.

Bing 2. Tham dinh chéo K-Fold mé hinh AGB = a x D" xH* x WD chung
cho céc loai ciy rimg khop dudi anh huong cac nhan té sinh thai, 1am phan.

Nhan t6 anh hwéng Bién trong s6 )
Weight AlC R”ad;. RMSE % Bias % MAPE %
Random effects gt

variable
Khéng xét 1/D° 2664 0,910 -11,1 44,6 271
Vung sinh thai 1/0° 2659 0,913 -11.1 443 27,4
Cap do cao so voi mt bién 1/D° 2663 | 0910 | -11,0 46,0 27,1
(Altitude, m) ’ ’ ’ ’
Lwong mwa nam (P, mm/nam) 1/D° 2663 0,910 -11,1 45,5 27,2
Cép tbng tiét dién ngang 1am phan 5 )
(BA, mz/ha) 1/D 2645 0,910 11,0 457 27,3
Cép mat do6 Iam phan (N, cay/ha) 11D° 2646 0,910 -11,1 437 27,1

Ghi chii: Trong tham dinh chéo K-Fold, dit liéu dwoc chia ngdu nhién thanh K phan bang nhau (K = 10 lan), trong
ds K - 1 dir liéu (9/10 di¥ liéu) dwoc sir dung dé lap mé hinh, tinh todn AIC, Rz.adj; va mét phan dir liéu K (1/10 di
liéu) khéng tham gia ldp mé hinh ding dé danh gid sai s6 Bias, RMSE, MAPE; cudi cing, tat cd nhitng chi tiéu

théng ké, sai s6 dwoc tinh trung binh trén 10 lan. d: hé sé ham phuong sai.

Két qua & bang 2 cho thiy qua tham dinh chéo
K-Fold véi ting nhan té riéng 1é khong cho
thdy sy anh hudng cua nd 1én mé hinh sinh
khéi AGB chung cac loai ring khop. Cac mod
hinh bao gdm ting nhan té c6 cac gia tri théng
ké AIC, Rzadj,vé céc sai sd nhu Bias, MAPE va
RMSE khong ¢6 su khac biét so vai mo hinh
khong xét anh hudng cia cac nhan to nay.

O day khong phai 1a cic nhan t6 sinh thai moi
truong va 1am phan khong cé tac dong 1én qua
trinh tich lily sinh khdi, carbon cdy rimg, ma
nd khong anh hudéng mot cach riéng I¢ ting
nhan t6 nhu da thim dinh. Do vy danh gia
anh hop tong hop cac nhéan t6 dé dua vao cac

mo hinh nham nang cao do tin cay, giam sai sO
udc tinh sinh khoi cay ring 1a can thiét.

3.2. Anh huwéng tong hop cic nhan té sinh
thai, méi trwomg ring dén mé hinh sinh
Kkhdi trén mat dit AGB

Tién hanh tham dinh chéo anh hudng tong hop
ctia bon nhan t6 sinh thai méi truong va 1am
phan gdm d¢ cao so véi mat bién (Altitude, m),
lwong mua trung binh nim (P, mm/niam), tong
tiét dién ngang 1am phan (B4, mz/ha) va mat
do cay rung (N, cay/ha) 1én md hinh udc tinh
AGB da lya chon chung cho céc loai cdy rung
khop voi sy tham gia cia ham diéu chinh
MODIFIER.
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Dang md hinh téng quat:
AGB = AVERAGE x MODIFIER
Trong do:

AVERGE = a x D"x H° x WD, m hinh sinh
khoi AGB trung binh dugc lya chon qua tham
dinh chéo K-Fold

MODIFIER = exp (b;* (Altitude - 246) + byx
(P - 1502) + bsx (BA - 12.62) + by x (N - 534)),

mo hinh diéu chinh gia tri du doan sinh khéi
AGB khi cac nhén té sinh thai, méi truong va
1am phén thay ddi so v&i trung binh ctia nd.

Mb hinh duge thiét 1ap theo phuwong phap phi
tuyén c6 dinh c6 trong s theo Maximum
Likelihood (Weighted Non-Linear Fixed Model
fit by Maximum Likelihood) va tham dinh chéo
K-Fold. Két qua trinh bay trong bang 3.

Bang 3. Thim dinh chéo K-Fold dé so sanh va lya chon phuong trinh sinh khdi 4GB chung
cho cac loai ciy rimg khop dya trén anh hudéng tong hop cac nhan t6 sinh thai méi trudng
va lam phan qua ham MODIFIER

Id Dang mé hinh wetght | aic R%q | Bias (%) Rz‘fks)E MAPE (%)
1 |AGB=axD" x H x WD* 1/D° 2664 0,910 11,1 44,6 27,1
AGB =a x D°x H* x WD" x exp(bsx
(Altitude - 246)
2 |+box (P-1502) 1/D° 2681 0,930 9,5 41,7 25,0
+ bsx (BA - 12.62)
+bs'x (N-534))
AGB = a x D°x WD? x exp(b; x
Altitude - 246 5
3 (+b2x - 150)2) 1/D 2650 0,927 -10,0 41,2 25,5
+bsx (BA - 12.62))
AGB = a x D°x WD" x exp(+ bzx (P 5
T iy s Sl IR 7 2640 | 0926 | -9,9 4,5 25,3

Ghi chii: P cao so véi mdt bién (Altitude, m), lwong mua trung binh nam (P, mm/ndm), tong tiét dién ngang lim
phan (BA, m*/ha) va mdt dé cay rimg (N, cdy/ha). Tham dinh chéo K-Fold, diF liéu dwoc chia ngau nhién thanh K
phan bang nhau (K = 10 lan), trong d6 K - 1 dit liéu (9/10 dit liéu) dwoc sic dung dé ldgp mé hinh, tinh toan AIC,
R’ Adj; va mét phan di liéu K (1/10 dir liéu) khéng tham gia ldp mé hinh ding dé dinh gid sai sé Bias, RMSE,
MAPE; cudi cing, tat cd nhing chi tiéu thong ké, sai sé duwoc tinh trung binh trén 10 lan. 8: hé s6 ham phwong sai.
*: Tham s6 c6 Pvalue > 0,05. In dagm ld mé hinh duoc lua chon.

Két qua cho thiy vé6i su tham gia ciia bén nhan
t6 sinh thai méi truong va 1am phan vao mod
hinh sinh khéi thi bién s6 H c¢6 tham sé khong
ton tai (Pvalue > 0,05) (¢ ham thir 2 trong
bang 3). Diéu nay c6 thé giai thich 1a bién H
dai dién cho su thay ddi cua 1ap dia va khi da
bao gdm mot s6 nhan td sinh thai phan anh cho
l1ap dia rung khop nhu lugng mua, do cao so
v6i mit bién thi anh huong H khong con c6 y
nghia. Ngoai ra, mé hinh nay ciing ¢ bién s6
N c6 tham s6 khong ton tai v6i Pvalue > 0,05.
Do vay thiét 1ap va tham dinh chéo mé hinh
loai bo bién H va N (ham tha 3 trong bang 3),
lac nay bién sé do cao (Altitude) c6 tham sb
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khong ton tai (Pvalue > 0,05). Vi vay, cudi
cung thiét 1ap va thim dinh chéo mé hinh sinh
khdi bao gdm hai nhan t6 P va BA (ham tht 4
trong bang 3) va day ciing 1a ham duogc lva
chon vi c6 tit ca cac tham sb gin bién sb ton
tai, dong thoi qua thim dinh chéo K-Fold thi
cac chi tiéu thong ké nhu AIC, R%q; va céc sai
s6 Bias, RMSE va MAPE dugc cai thién rd rét
so voi md hinh AGB khong cé sy tham gia cla
céc nhan td sinh thai méi truong va 1am phan
(ham 1 trong bang 3).

Vo6i dang mé hinh AGB = AVERAGE X
MODIFIER, trong d6 AGB dugc diéu chinh
theo cac nhan t6 anh hudong. Khi ma gia tri cia
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cac nhan t6 sinh thai méi truong rimg bang gia
tri trung binh cua n6 thi ham MODIFIER = 1;
cac nhan tb sinh thai moi truong va 1am phan
chi anh hudng 1én 4GB khi ma gia tri cua nhan
t6 d6 khac véi trung binh ciia nd.

Bang 4 trinh bay két qua udc tinh cac tham
s6 ciia mo hinh lua chon dé udc AGB tinh
chung cho cac loai cay rung khop vai su
diéu chinh cua hai nhan tb sinh thai va 1am
phan 1a P va BA.

Bang 4. Cac tham sb cia md hinh AGB chung cho cac loai cay rung khop
v6i su tham gia cua hai bién sinh thai méi truong rung 1a P va B4

] . a 0127751 £ 0,015243

Af‘z (‘fb" xD(I: M;ES)O;) b 2460833 + 0,031600
X 2 -

L b (BA - 12.62) d 0,978793 + 0,122928

ba -0,000645 + 0,000095

bs -0,008556 + 0,003552

Ghi chii: Lwong mua trung binh nam (P, mm/ndm), tong tiét dién ngang lam phan (BA, mz/ha)

Tt mo hinh lya chon cho théy hai nhan t6 P va
BA ¢6 tham s 4m (< 0), c6 nghia khi luong
mua P vuot trén trung binh 1a 1.502 mm/nam
hodc tong tiét dién ngang BA cua 1am phan
vuot trén 12,62 m*/ha thi s& 1am giam tich lity
sinh khdi cdy rimg khop. Noi cach khac tich
lity sinh khdi cay rimg khop s& gia ting noi co
lvong mua thip hon 1.502 mm/nim va lam
phén chua thanh thuc va trit lwgng chua cao,
v6i BA < 12,62 m’/ha.

Két qua & cac do thi ¢ hinh 3 cho thdy mé hinh
dang AGB = AVERAGE x MODIFIER dat d6

AGE udc tinh qua mé hinh (kg)

0 500 1000
AGB guan sat (kg)

1500

tin cay cao voi gia tri AGB udc tinh qua mo
hinh bam sat AGB quan sat theo dudong chéo
1:1 va dic biét 1a sai sb co trong sb rat thép,
bién dong + 0,05 kg/ciy va rai déu theo AGB
udc tinh qua moé hinh.

Str dung mo hinh lga chon AGB = a X DPx
WD x exp (+ byx (P - 1502) + b3x (BA -
12.62)) @ udc tinh AGB chung cho cac loai
ciy rimg khop véi bién dau vao WD dugc chia
lam 4 cép va hai nhan t6 P va BA duoc lay gia
tri trung binh tng véi ham MODIFIER = 1
(bang 5).

0.050-

0.025

Sai s6 ¢6 trong s6 (kg)
=}
(=3
(=]
(=]

-0.023-

-0.030

0 500 1000 1500
AGE ugc tinh qua md hinh {ka)

Hinh 3. M6 hinh AGB = AVERAGE x MODIFIER diéu chinh mé hinh sinh khdi
dudi anh hudng tong hop cia cac nhén t6 sinh thai, moi trudng va 1am phan;
Quan h¢ gitta AGB udc tinh qua m6 hinh voi AGB quan sat (trai);

Bién dong sai s6 co trong sb theo AGB wéc tinh qua md hinh (phai)
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Bang 5. Udc tinh AGB chung cho céc loai cay ring khop dua
vao mé hinh AGB = a x D’ x WD? xexp( + byx (P - 1502) + b3x (BA - 12,62))

WD (g/cms) D (cm) AGB (kg) WD (glcm3) D (cm) AGB (kg)
0,3 5 2.1 0,5 5 3,4

10 11,4 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
35 247,9 35 408,7
40 3443 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 47 0,9 5 6,0

10 26,0 10 33,3
15 70,6 15 90,3
20 1433 20 183,3
25 248,2 25 3174
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 17477

Ghi chii: Ldy cac gid tri lwong muwa ndm P (mm/ndm) va tong tiét dién ngang BA (m’*/ha) trung binh va nhu viy ham
MODIFIER = 1. Khéi lwong thé tich g6 WD duwoc chia thanh 4 cdp va ldy gid tri trung binh.

IV. KET LUAN

Xét ting nhan t6 sinh thai va méi trudng rimg,
riéng 1& khong cho thiy su anh hudng cia no
lén mé hinh sinh khdi AGB chung cac loai
rung khop.

Véi dang mo6 hinh AGB = AVERAGE X
MODIFIER, trong d6 AGB dugc diéu chinh

theo cac nhén t6 sinh thai méi trudng ring da
cai thién 10 rét so voi mo hinh AGB khong co
sy tham gia cua cac nhan td nay. Lua chon
dugc mo hinh ude tinh AGB véi su tham gia
clia hai nhan t6 sinh thai moi trudong rimg la P
va BA theo dang: AGB = a x D°x WD x exp
(+ byx (P-1502) + bsx (BA - 12,62)).
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