KHOA HO C CONG NGHE

MO HINH UGC TiNH SINH KHOI RUNG SU DUNG BIEN SO DAU
VAO CONG DONG CO KHA NANG DO DAC

Pham Tu&n Anh', Bao Huy?

TOM TAT

D & thuc hién gidm sat cac bon rirng cé sy tham gia trong chwong trinh “Giam phat thai tir mat rirng va
suy thoai rirng” (UN-REDD"), can xay dung cac moé hinh sinh kh&i st dung cac bién s6 dau vao céng
déng c6 kha ndng do dac. CAc mo hinh nay can bdo dadm dé chinh xac va cung cép sai s6 dinh lvgng.
S dung 222 cdy mau chit ha dé phat trién mo hinh sinh khéi cay rirng va 323 dir lieu 6 mau dé lap
mo hinh sinh khéi lam phan cho rirng 14 ré ng thw&ng xanh vung Tay Nguyén. B weng kinh ngang nguc
(DBH) va téng tiét dién ngang (BA) dwoc st dung lam bién s6 dau vao caa cac méd hinh. Anh huwéng
cua BA va chi s6 lap dia (S) dén AGB va BGB cling dwgc danh gia. M6 hinh dwgc lva chon chi yéu dva
vao chi s8 thong tin Akaike (Akaike Information Criterion - AIC) va cac dé thj trwc quan. Cac chi tiéu
thé ng ké tham dinh chéo m6 hinh bao gém sai léch % (Bias %), sai s& trung phuvong % (RMSPE) va sai
s& tuyét déi trung binh % (MAPE) da duoc xac dinh dya vao rdt mau ngau nhién dé phan chia thanh
70% s6 ligu cho 1ap md hinh va 30% sé liéu dé danh gid mo hinh va duec tinh trung binh tr 200 [an rdt
mau ngau nhién 1&p lai. Ham Ity thira (power) dugc wéc lwgng theo phwong phap phi tuyén tinh hop
ly cwc dai (Maximum Likelihood) co trong s6 va xét anh hudng cda cac nhan té 1d&m phan da thu duoc
dé tin cay cao hon phuong phap thuong duoc sir dung la tuyén tinh hda logarit binh phuong t6i
thi€u. Cac mo hinh dwogc lwa chon véi cac bi€n s dau vao cdng déng co kha nidng do dac dé wac tinh
sinh kh&i cay rirng va ldam phan bao gém: AGB = axDBH’ (a;1a tham s6 thay déi theo chi sé lap dia S),
BGB = axDBHP TAGB = axBAP va TBGB = axBA®L. Sir dung mo hinh 1am phan lam giam s liéu thu thap

nhung tdng sai s6 MAPE thém 9-12% so v&i mé hinh cay rirng.

T khéa: Bén s6 don gidn, c6 ng dd ng, co sw tham gia, mo hinh sinh khé i.

1.DATVANDE

Trong chuong trinh “Gidm phat thai tr mat
rrng va suy thoai rirng” cda Lién Hiép Quéc (UN-
REDD"), can giam sat va bao cao phat thai CO;
twong duong tir rrng thong qua hé théng "D o
lwong - Bédo cédo - Tham dinh (MRV)". Hiép dinh
khung vé bién déi khi hau cta Lién Hiép Quéc
(UNFCCC 1997 - 2001) cling yéu cau co6 sy tham gia

Cla cong doéng trong gidam sat cac bon rirng. Vi

1 S¢ Ké hoach Pau tur tinh Dk Nong
2 Trudng Dai hoc Tay Nguyén

vay ngoai cac mo hinh uwéc tinh sinh khé'i, cac bon
rieng ap dung cho cac co quan chuyén nghiép da
dwgc phat trién, cling can c6 nghién ciru dé xay
dung cac mé hinh ap dung duoc véi dir lieu dau
vao do céng dong do dac, giam sat; va cac mo
hinh cting can phai bao dam dé tin cay theo IPCC
(2006).

Trong giam sat cac bon rirng c6 sy tham gia
clia cong déng dia phuong (PCM), nguei dan co
thé do dac chinh xac cac chi tiéu rirng don gian
nhuv dwong kinh ngang ngwc (DBH) (Huy et al,

2013), vi vay cac mo hinh sinh khéi can st dung
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bién s6 dau vao don gian nay (Van Laake, 2008).
MO hinh wéc tinh sinh khéi cay rirng trén mat dat
(AGB) cho rirng l& ré ng thuvorng xanh véi mét bién
s6 dau vao don gian la DBH cling da duoc xay
dung cho cd vung rirng nhiét dgi (pantropic)
(Brown, 1997), hod c cho cac vung sinh thai caa Viét
Nam trong do c6 Tay Nguyén (Huy et a/, 2016b).
Sinh khéi cay rirng phan duéi mgt dat trong ré cay
(BGB) la mét bé phan quan trong trong cac bé
chira cac bon cay rirng, dén gan mét nira chu trinh
cac bon rirng hang ndm dwgc déng gop tir hé ré
cay (Vogt et a/, 1996). Tuy vay, do chi phi cao cda
wdc tinh BGB nén viéc do tinh sinh khéi thuong
tdp trung cho AGB (Yuen et a/, 2013; Ziegler et al,
2012).

Tuy nhién cac nghién c&u da chi ra, mdé hinh
wac tinh AGB chi c6 do tin cady cao khi bao gém
nhiéu bién s6 dau vao nhu la DBH, chiéu cao cay
(H), khéi lvgng thé tich gé (WD) va dién tich tan la
(CA) (Huy et al, 2016a,b). Vi vay mo hinh AGB chi
véi mot bién DBH dau vao sé cho dé tin cay thap,
trong khi d6 cé6ng déng khd co thé do lweng va
cung cap chinh xac thém céc bién sé nhu H, WD
hoac CA. Bao Huy (2013) ciing da cho thdy mo hinh
BGB c6 mét bién DBH hodc moé hinh sinh khéi lam
phan theo cac bién digu tra lam phan don gian
nhu BA c6 sai s6 nhd nhat; tuy vay cac md hinh
nay chua cd gidi phap thdm dinh sai s6 bang dir
lieu doc lap, khach quan.

Nghién cru nay xay dung cac moé hinh uéc
tinh sinh khéi cay rirng va lam phan trén mat dat
(AGB, TAGB) va duéi mat dat (BGB, TBGB) véi bién
s6 déc lap dau vao caa mo hinh la don gian dé cé
thé ap dung dir liéu cung cap béi cong déng,
nhung dwgc nang cao do tin cay nho vao: i) ap
dung phuvong phap véc lugng md hinh phi tuyén

tinh hgp ly cec dai (Maximum Likelihood) cé tro ng

s& thay déi dé phu hop véi sy phan tan dir lieu
sinh khéi cay rirng hodc lam phan khi DBH hodc BA
tang lén; ii) md hinh co bién sé dau vao don gian
nhu DBH nhung dugc nang cao dé tin cay nho
thay déi tham sé theo cac nhan té6 lam phan anh
hudng nhu BA, cap chigu cao (H); iii) s dung toi
wu dir liéu trong lap va tham dinh chéo cac moé
hinh mét cach khach quan dé cung cap thong tin
vé doé tin cay, sai sé6 cda mod hinh.
2. VAT LIEU VA PHUO NG PHAP

2.1. Piadiém, déi twgng nghién ciru

Dir ligéu trong nghién ciru nay duec thu thap &
vung Tay Nguyén, trén b&n tinh Gia Lai, D3k L3k,
pak Nong va Lam béng & ki€u rirng la réng
thwerng xanh véi cac trang thai va cap trir lveng
khac nhau. Bién dong mat do (N) 370 — 3.300
cay/ha (v&i cay c6 DBH > 5 c¢m) va téng tiét dién
ngang (BA) bién dong 2,6 — 72,6 m?/ha. D &c di€m
sinh thai & cac khu vyc thiétlap 6 mau: D6 cao so
v@i mat bién 377 — 1068 m, d6 déc 0 — 36°, lwvgng
mua trung binh nam 2.100 — 2.500 mm, ¢4 ba thang
mua kho, nhiét dé trung binh nadm 22,2 — 25,0°C.
Hau hét khu vuec nghién ciu cé dat nau dé hinh
thanh trén da Sedimentary (Ngué n tac gia, Hijjmans
et al, 2005; Fischer et a/, 2008).

2.2. 56 ligu thu thap va thdng tin bién sé cua
cac mé hinh sinh khdi cay rirng va lam phan

20 & mau 2000 m2 (20x100 m) da duoc thiet
lap dé thu thap s6 liéu sinh khéi cay rirng (AGB,
BGB). Trén 6 mau thu thap cac dir liéu thong tin
ctia 6 nhu toa do, trang thai rirng, do tan che, BA,
vi tri dia hinh, d6 déc, loai dat. S6 lieu cay ding
thu thap bao gé m loai, DBH (cm), H(m) cta cac cay
c6 DBH > 5 cm. Trong 6 miu, cdy mau duoc lya
chon dé chit ha va xac dinh sinh khai ty & véi

phan bé s& cay theo cap kinh. M&i 6 chon khoang
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10-12 céy dé chit ha, t6ng s6 cd 222 cay mau
duoc chidt ha dé thu thap sé liéu sinh khgi trén
m3at dat (AGB), trong do c6 khodng 1/3 s6 cay mau
dugc dao ré dé xac dinh sinh khéi dudi mat dat
(BGB).

Céy mau tredc khi chat ha dwoc do DBH, H va
xac dinh loai. Cdy mau dugc chit ha dé thu thap
s6 lieu vé khéi lwgng tuoi cia cac bo phan cay
trén mat dat bao gém la, canh, than va vé va 1/3
s6 cay duwoc dao dé xac dinh khéi lvgng ré tuwoi.
M3u ctia 5bé phan cay dugc thu thap bao gém la
(300 g/mau), canh (500 g/mau) & 3 cap canh, than
(500 g/mau) & 5 vi tri than cay, vé (300 g/mau) & 5
vi tri trén than va ré (300 g/mau) theo ba kich

thwdc ré (nho, trung binh va lgn).

Trong phong thi nghiém, cac mau dugc say &
nhiét dé 105°C cho dén khi khéi lwgng khong thay
déi, tir do tinh dwoc ty 1é sinh khéi kho/twoi cha
tirng bé phan cay va tinh toan duegc sinh khéi cay
trén mat dat (AGB) va dwéi mat dat (BGB) cho
trng cdy mau. Bang 1 cung cap thong tin cac bién
s6 doc lap va sinh khéi thu thap duoc cdy miu
chit ha.

Bang 1. Tém tat thong tin thé ng ké cac bién sé caa
cdy mau do tinh sinh khéi

Chi tiéu DBH H BGB | AGB

thengké | (em) | (m) | (kg) | (kg)
Min 47 139 | 05 2,9
Trung binh 17,4 | 13,4 | 158 | 2653
Max 76,0 | 27,5 | 1758 | 3149,0
Saitiéu chuan | 126 | 57 | 290 | 4712
n 222 | 222 | 86 222

P& uwdc tinh sinh khéi 1dm phan, 323 6 mau
1.000 m? (hinh tron phan tang véi ban kinh t8i da R
= 17,84 m) dd duogc thu thap trén cac trang thai
rieng khac nhau & hai tinh D3k Nong (huyén Tuy

D &rc) va Lam Pong (huyén Bao Lam). Trén co s&

100

cac mo hinh AGB va BGB lya chon, tinh toan duvoc

tédng sinh khéi cia cay gé trén va dudi mat dat

cho cac 6 mau (TAGB va TBGB). Bang 2 cho thay

bién dong cta TAGB va TBGB quy ra ha & cac 6

mau theo bi&én s lam phan BA.

Bang 2. Tom tat thdng tin thd ng ké cac bién sé BA
va sinh khéi lam phan.n =323 6

Chi tiéu BA TAGB TBGB

thé ng ké (m?/ha) | (tan/ha) | (tan/ha)
Min 2,6 1,0 17
Trung binh 28,0 196,1 24,0
Max 72,6 655,3 71,6
Sai tiéu chuan 12,5 102,0 11,5

2.3. Phwong phap thiét lap, lwa chon va tham

dinh chéo md hinh
231 Chonbiégnsé dauvao va dang mo hinh

Cac md hinh sinh khéi cay va lam phan duoc
thié€t 1ap trong nghién c&u nay dé ap dung véi dir
liéu do dac clia céng dong nén cod bién s6 dau
vao don gian la DBH, BA va phan chia theo cap H
(dwa vao chi s6 lap dia Site Index (S)). Ham Iy
thira (power) da duwegc lva chon dwa theo Brown
(1997), Chave et al. (2014) dé thiét lap cac mod hinh
sinh khéi.

232 Chon phweong phap lap mo hinh sinh
khé i

Hai phwong phap thiét lap md hinh liy thira
(power) khac nhau cling duwgc danh gia dé lua
chon phuong phéap té6t nhat, do la phwong phap
binh phuvong t6i thiéu véi ham dwegc tuyén tinh
hoa theo dang logarit va phuwong phap phi tuyén
tinh hgp ly cec dai (Maximum Likelihood) c6 tro ng
s6. Khi so sanh cac m6 hinh khéng gié ng nhau vé
bién s6 phu thudc (vi du y va tuyén tinh hoa thanh
bién In(y)), Iuc nay chi sé6 Furnival (Furnival’s Index -

FI) can duwgc ap dung (Furnical, 1961; Jayaraman,
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1999). FI cang bé thi m6 hinh cang phu hep. Cong
tharc tinh Furnival's Index (FI) nhu sau:

1

FI = RMSE = ;
Geometric mean (y') (1)

Trong do: RMSE (Root Mean Squared Error): Sai
s6 trung phuong; y' la dao ham bac nhat cda bién
phu thuéc y va bang 1, néu la bién phy thuéc

duwoc déibien sé la In(y) thi s& bang 1/y.
Cong thirc tinh gia tri trung binh hinh ho c:

(121 x‘)w - )

W - - I

2.3.3. Phwo ng phap thié't i p mo hinh sinh khé i

D é& gidm bi€n déng cha sai s8 vi sy phan tan
dit ligu sinh khéi khi DBH hodc BA tang lén, trong
s6 thich hop 7/DBH hodc 1/BA* duwoc ap dung
trong thi€t 1ap moé hinh. S dung phuong phép
wéc lwgng ham phi tuyén tinh Maximum Likelihood
c6 trong s6 co xét d€n anh huwéng ngau nhién cta
cac nhan t6 moi trweng. Phan mém ma ngué n mé
R duoc ap dung theo chuwong trinh nime (Pinheiro
et al, 2014). Kiéu dang mo hinh t6 ng quat nhu sau

(Huy et al, 2016b):

pf+ b

Yij = ((x+ ai)XXij( i)+€ij

3)
g~ iid NV (0,5 %) @

Trong do Y;; la AGB (kg), BGB (kg), TAGB
(tdn/ha), hodac TBGB (tan/ha) &ng véi cay/o the jtir
cadp /cha nhan t8 anh huwéng; ava f la tham sé
ctia moé hinh; a; va b; la thay d§i caa tham s8 theo
cdp /X;; la cac bién s6 DBH (cm), H (m) hoac BA
(m?/ha) hogc t6 hop bi€n DBH?H &ng v&i cay/o6
thir / trong cdp i va g;; la sai s6 ngau nhién &ng
v@icay/6 th jva cdp nhan to /

Phan tich ban dau cho thdy bién déng cta sai
s6 cO xu hwdng gia tang khi gia tang DBH hoac BA

trong cac mé hinh. Vi vay mét ham phuong sai
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theo trong s6 da duwgc ap dung dé diéu chinh céc
tham s6 ctia m6 hinh nham gidm bién dé ng sai s&
nay. Ham phuwong sai c6 dang nhu sau (Huy et a/,
2016b):

Var(&‘t-j) = ?‘(Vij)Zk

©)

Trong do &; la sai s6 ngau nhién; G 2 13 sai s6
binh phrong; v;; la bién trong sé (DBH, BA) twong
&rng va@i cay/o thr j va cdp nhan t6 anh hudang iva
kla hé s6 cta ham phuong sai.

2.34. Lwa cho nva thdm dinh chéo cac mé hinh

Dir liéu duoc lwa chon ngidu nhién 200 [an dé
phan chia thanh 70% sé lieu dé thi€t lap va lya
chon mo hinh va 30% sé lieu dung dé danh gid moé
hinh. Cac chi tiéu thé ng ké lwa chon md hinh va sai
s6 danh gia dugc tinh binh quan tir 200 [an. M6
hinh t6t nhat dwoc lva chon dwa vao chi tiéu AIC
(Akaike Information Criterion) cang bé thi mé hinh

cang c6 dé tin cay cao hon.
AIC=-2Inll) +20 (6)

Trong do L la Likelihood cdia mé hinh, p la t6 ng

s6 tham sé cda mo hinh.

Cac m6 hinh duoc tham dinh sai s6 thong qua
30% di ligu rat ngau nhién khong tham gia lap mo
hinh va v&i 200 lan lap lai. Cac sai s6 sir dung bao
gom % sai léch gitta quan sat va dy bao qua mo
hinh (Bias %), sai s6 trung phuwong % (RMSPE) va
sai s6 tuyét doi trung binh % (MAPE). Cac sai s6
dwegc tinh toan trung binh tir 200 [an (Temesgen et
al, 2014; Huy et al, 2016b):

"
i 1 R 100 yi — Vi
o o0 33120
ias (%) B a2 »
s o = 3T oo 13542’
= — i
8)

n
1 R 100 i — =
MAPE (%) — Ez = zlyl — b
= i=1 i

(7)

)
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Trong dé R 1a s& lan rdt mau ngdu nhién dé
lap va danh gia mé hinh (200); n la s6 cay/6 (30%
dir ligu dé danh gid) cia mdilan rdt maurva y; va
¥; 1a gia tri sinh kh&i quan sat va wéc tinh qua mo
hinh.

Sau khi lwa chon dang mé hinh, danh gia chéo
va xac dinh cac sai s6 cua mo hinh lya chon; mod
hinh cuéi cung dugc thi€t 1ap dya vao toan bé dir
liéu.

3. KET QUA VATHAO LUAN

3.1. Lwa chon phwong phap thiét lap mé hinh

Két qua & bang 3 cho thay véi phuwong phap
wéc lvgng ham bang pheong phap phi tuyén hep

ly cuc dai (Maximum Likelihood) véi trong sé

/DBH* da c6 chi s6 Furnival (Furnival's Index - FI)
be hon rat nhiéu so véi phuwong phap tuyén tinh
hoa binh phwong téi thiéu khong co trong s6.
Ching t6 phuong phap Maximum Likelihood da
ndn chinh mé hinh phu hgp hon véi sé liéu sinh
khéi quan sat, dac biét la khi ap dung trong s6
/DBH¢ da lam gidm sai s6 trung phwong & cac cap
DBH lén, noi ma sinh khéi rat bién dong. Két qua
nay cting phu hep vai Huy et a/. (2016a) khi lap mo
hinh AGB cho vung sinh thai Viét Nam. Tir két qua
do, nghién ctu nay st dung phuong phap phi
tuyén tinh Maximum Likelihood c6 trong sé6 dé
thi€t lap cac mo hinh sinh khéi cay rirng va lam

phan.

Bang 3. Chi sé6 Furnival dé danh gia hai phwong phap wéc lweng mo hinh la logarit tuyén tinh binh

phwong téi thi€u va phi tuyén tinh Maximum Likelihood c6 tro ng sé & cac moé hinh AGB, BGB theo cac

nhém bién sé6 dau vao

Phuwong phap logarit Phuwong phap phi tuyén tinh
Bién dau R binh phrong t&i thi€u | Maximum Likelihood cé tro ng sé
. M6 hinh - P
vao rongs
Adj. R? FI ongse 1 Ag; Re FI
Weight
AGB = axDBH" 0,950 27,3 0,801 0,054
DBH A 1/ DBH*
BGB = axDBH 0,901 2,4 0,484 0,004
AGB = ax(DBH?H)? 0,958 25,1 0,908 0,058
T 1/ DBH*
DBH va H BGB = ax(DBH*H) 0,883 2,6 0,718 0,004
va
AGB = axDBHYxH¢ 0,901 24,7 /DB 0,883 0,056
BGB = axDBHPxH*® 0,901 2,4 0,494 0,004

Ghi chu: FI la Furnival’s Index. Nhom bié n s6 : DBHFH = DBH (cm)fxH (m).

3.2. M6 hinh AGB

Dé ap dung vegi dir lieu caa cé ng déng, mo
hinh AGB theo DBH duoc thiét lap; md hinh co
thém bién H chi dé lam co s& cho viéc nang cao
do tin cay cua wéc tinh AGB thong qua cap chiéu
cao (cap H). Bdng 4 la két qud so sanh dé luya
chon va tham dinh chéo cdc md hinh AGB v&i
bién s6 dau vao khac nhau gém DBH, DBH va H
hojc t6 hop bién DBH?H; déng thei dé thir nang

102

cao do tin cdy wac tinh AGB, da xem xét anh
hwang ngdu nhién (random effect) caa bién sé
tong tiét dién ngang lam phan (BA). Can ci vao
gia tri AIC trung binh bé nhat, déivéi mot bién s
DBH thi mé hinh Iwa chon la AGB = axDBHP va
déi véi hai bién DBH va H thi mé hinh t6 hop
bien AGB = ax(DBHH) duogc lva chon. Cac sai
s6 trung binh (Bias%, RMSPE, MAPE%) ctia cac mo

hinh duoc lva chon nay cing bé hon cac md hinh
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khac. Hinh 1 biéu dién phan bé Bias% cta 200 lan
rat mdu ngau nhién 30% thdm dinh va duong
wéc tinh AGB so vai 30% dir liéu tham dinh chéo
khéng tham gia 1ap md hinh cda hai mé hinh lya
chon. D6 thi cho thdy Bias% phan bé tiém can
chugn, chirng té vei 200 lan rdt 30% mau ngau
nhién doc lap dé danh gia da phan anh tét sai sé
cia mo6 hinh (khdng bj sai léch sai s6) va dé thi
wéc tinh AGB bam sat 30% gia tri danh gia duwgc

rat mau ngau nhién va khoéng tham gia 1ap mo
hinh AGB, cho thdy m6 hinh c6 dé chinh xac tot.
Cac mo hinh lya chon véi bién s6 dau vao
DBH hodc DBH?H cling duwoc xem xét anh huéng
cta cac cadp BA khac nhau tir cac lam phan co sinh
khéi, trir lwgng rirng khac nhau. Cac chi s6 AIC va
cac sai s6 trung binh tir 200 [an danh gia cda mo
hinh c6 BA khong dugc cai thién rd rét; c6 nghia
thay déi cap BA khong lam thay déi cd y nghia

cac tham sé6 cta mo hinh.

Bang 4. So sanh va tham dinh chéo m6 hinh wéc tinh AGB ¢é hay khéng c6 anh hwéng caa cap BA theo

cac bién sé6 dau vao khac nhau

Nhan té
Bién s6 R . . RMSPE | Bias | MAPE
o M6 hinh anh Trong s6 AIC | Adj.R?
dau vao (%) (%) (%)
hudng
B AGB = ax DBHP Khong (*) 1/ DBH¢ 1489 | 0,795 47,8 -14,7 34,2
AGB = ax DBHP Céap BA 1/ DBH¢ 1491 | 0,806 48,2 -15,3 34,3
AGB = ax(DBHH)P | Khong () 1/ DBHK 1464 | 0,908 43,6 -104 | 29,6
DBH + H | AGB = ax DBHx H* Khong 1/ DBHK 1468 | 0,883 43,4 -120 | 299
AGB = ax(DBHPH) | CApBA | 1/DBHH) | 1452 | 0,911 438 | -118 | 297

(*) M6 hinh lwa cho n theo bién s6 dau vao. Gia ti thé ng ké, sai s6 duwg ¢ tinh trung binh tr 200 lan
rat mé u ngé u nhién: lap mo hinh vé i 70% dii 1 u, tinh cac chi tiéu so sanh mo hinh AIC va R? va danh gia
mo hinh v& 1 30% div lié u, tinh cac sai s6 RMSPE, Bias% va MAPE%
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Hinh 1. M6 hinh AGB lwa chon véi bién sé dau vao khac nhau: Phan bé % Bias ctia 200 [an tham dinh

(trai), md hinh AGB lwa chon so véi 30% dir liéu tham dinh chéo dwec rit mau ngau nhién (phai)

Bang 5. Tham sé cia mo hinh AGB lwa chon véi cac bién sé dau vao khac nhau, trén co sé toan bé dir

ligu
Bién diu VAo M hinh lya chon ) Tham so6 ; Sai s; tiéu chuan cua tgam )
DBH AGB = axDBHP 0,114691 2,479830 0,011816 0,036767
DBH+H AGB = ax(DBH?H)" | 0,044343 0,961302 0,004636 0,012690

Ghi chu: Cac tham s6 dé u co mrc y nghia P-value< 0,0001
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Hinh 2. Trai: U'éc tinh AGB qua md hinh lwa cho n so véi quan sat, Phai: Sai sé co trong sé theo AGB wéc
tinh qua mo hinh. a) M6 hinh AGB = axDBHP; b) M6 hinh AGB = ax (DBHH)P

Sau khi lwa chon md hinh va danh gia chéo, st
dung toan bd s& liéu dé wéc lwgng cac tham sé
cta cac mo hinh lya chon. K&t qua dwec trinh bay &
bang 5.

Bién dong sai s6 AGB c6 trong s6 & hinh 2
cho thdy mo hinh ¢6 hai bién s dang DBH?H c6
sai s6 bé hon rdt nhieéu so véi mét bién sé6 DBH, vi
vay can duwa bién H thdng qua cdp H vao md hinh
AGB dé tang do tin cay. KEt qua nay phu hgp véi

cac nghién

ciru cua Chave et a/ (2014), Huy et al (2016a,b) chi
ra rang khi gia tdng bi€n s6 caa Mo hinh chi ve&i
mot bién DBH v&i cac bién nhu H, khéi lvong thé
tich gé (WD) hogc dién tich tan la (CA) s& lam tdng
do tin cay cua cac md hinh sinh khéi. Tuy nhién
trong trwerng hep dir liéu dau vao tir cd6ng déng
néu c6 qua nhigu bién s6 s& dan dén sai s6 do
tinh cao hon va mét s6 bién sé6 cé6ng déng khdong

thé ti€p can duoc.
3.3. M6 hinh BGB

M& hinh BGB ciing dugc lya chon va danh gia
theo phuong phap twong tw nhu mé hinh AGB ndi
trén. K&t qua & bang 6 cho thdy md hinh BGB ¢6
do tin cay va sai s6 bé nhat véi chi mét bién s6
dau vao DBH, cap BA ciing anh hudng khong co 'y
nghia dén cac tham sé cta cac md hinh. Vi vay mo
hinh BGB thich hgp véi dir lieu dau vao DBH cua
cong déng, khong chiu anh huéeng cia BA va
khong can phan cap H. Hinh 3 la phan bé Bias tir
200 [an danh gia va gia tri wéc tinh BGB tir DBH so

véi gia tri danh gia dwoc rdt mau ngau nhién.

Bang 6. So sanh va tham dinh chéo mé hinh wéc tinh BGB cé hay khdng ¢6 anh hwéng caa cap BA

theo bién s6 dau vao

Bién s6 Nhan t6 ,
) RMSPE Bias MAPE
dau Mo hinh anh Trongsé | AIC | Adj. R?
\ , (%) %) | (%)
vao hudng
DBH BGB = axDBHP Khong (*) 1/DBHk 294 0,444 55,4 -17,8 40,6
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Bién s6 Nhan t6 ,
‘ o ] 4 RMSPE | Bias | MAPE
dau M6 hinh anh Trongsé | AIC | Adj. R?
X (%) (%) (%)
vao hudng
BGB = axDBHP Cap BA 1/DBHk 294 | 0,466 57,4 -20,2 | 422
BGB = ax(DBH?H)" Khéng 1/DBHk 303 | 0,686 52,9 -13,6 | 408
DBH + H | BGB = axDBHPxH¢ Khong 1/DBHk 301 | 0,436 58,3 -20,4 | 433
BGB = ax(DBH?H)"® Cap BA 1/(DBH?H)* | 311 | 0,459 60,7 -229 | 455

(*) M6 hinh lea che n theo b€ n s6 dé u vao. Gid tri thé ng ké sai s6 dwo ¢ tinh trung binh tr 200 la n
rat ma u ngéu nhién: I p mo hinh vé i 70% di Iié u, tinh cac chi tiéu so sénh maé hinh AIC va R?; danh gia mo
hinh v& i 30% dr lié u, tinh cac sai s6 RMSPE, Bias% va MAPE%

BGB = a'DBH"b Bang 7 la cac tham sé caa mod hinh BGB Iya

40

chon theo moét bién sé6 DBH trén co s& toan bd sé

30

ligu. K&t qua nay dong gop cho thiét lap moé hinh

1an so
20

BGB — hién tai rat hiém va thi€u cho wéc tinh sinh

10

khgi ré cay rieng (Nam et al, 2016). KEt qua nay

[=]

-50 -40 -30 -20 10 O 10

Bias (%) of BGB = aDBH' 0 .Dzaﬂm, 30 4 cling phu hgp véi két luan cda Cairns et al (1997)

Hinh 3. M8 hinh BGB lwa chon véi bién s8 dauvao  trong thi€tlap cac mé hinh sinh khéiré cay rirng &
DBH: Phan bé % Bias cia 200 an thgm dinh (tréi),  cac khu rirng vung cao trén thé gi¢i, tac gia da két
mé hinh wéc tinh BGB so véi 30% dir ligu thsm luan BGB c6 quan hé chat ché véi DBH, quan hé
dinh dwerc rit mau ngau nhién (phai) y&u va&i khdi lvgng thé tich gé (WD) va hau nhu

khéng thay quan hé vai bién sé H.

Bang 7. Tham s& cta mé hinh BGB Iwa chon, trén co s& toan bé dir liéu

Sai sé tiéu chuan ctua tham
Tham sé !
Bi&n dau vao M6 hinh lwa chon sé
a b a b
DBH BGB = ax DBHP 0,015306 | 2,550949 0,003349 0,094112

Ghi chu: Cac tham s6 dé u co murc y nghia P-value < 0,0001

3.4. M& hinh AGB theo cap H
Bang 8. So sanh va tham dinh chéo mé hinh quan hé H = f(DBH)
M hinh Trong s6 AIC | Adj.R? | RMSPE (%) Bias (%) | MAPE (%)
H = axDBH® (¥) 1/DBHk 748 0,740 27,0 -5,5 18,1
H =13 + axDBHP 1/DBHk 749 0,734 26,9 -4,9 18,2

(*) M6 hinh lea cho n theo bi€ n s6 dé u vao. Gid tri thé ng ké sai s6 dwo ¢ tinh trung binh tr 200 la n
rat mé u ngé u nhién. Ia p mao hinh vé i 70% dli lié u, tinh cac chi tiéu so sanh maé hinh AIC va R, danh gid mo
hinh vo i 30% dir 1 u, tinh cac sai s6 RMSPE, Bias% va MAPE%
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M6 hinh wéc tinh AGB theo t6 hop hai bién
DBH?H s& cho dé tin cay cao hon mo hinh chi co
mot bién s6 dau vao DBH duoc do dac béi cong
déng. Tuy nhién néu cong déng do H cho toan bd
cay trong & mau s& mac sai s8 lén do do qué
nhiéu cay va tan cay thwong bi che khuat. Vi vay
gidi phap dé nang cao dé tin cay la lap md hinh
ABG vé&i mot bién s dau vao la DBH va thay déi
cac tham s6 mod hinh theo cdp H; cd nghta c6ng
déng chi can dwgc hudn luyén dé do cao chinh
xac 3 cay trong mét cdp kinh dai dién dé xac dinh
chigu cao chi thi cho lap dia S, ltc doé viéc do cao
s& giam sai s6 do sé lwgng cay do rdt nhd va cay

cting dwoc lya chon & vi tri d& quan sat ngo n cay.

Lap mo hinh quan hé H = f(DBH) theo ham mii
c6 hay khoéng cé hang s6 1,3 m, vi nd la phé bién
trong thiét Iap méi quan hé nay (Temesgen et al,
2014). K&t qua & bang 8 cho thay ca hai md hinh
déu cho k&t qua thé ng ké va thdm dinh sai s6 gan
nhu nhau. Do vay mé hinh Iwa chon la mé hinh
power don gian hon, khéng ¢ hang sé 1,3 m. Sau
khi danh gia, s&¢ dung toan bé sé& lieu dé wéc
lwgng cac tham sé& cua cac mod hinh lya chon
H/DBH, két qua duec trinh bay & bang 9.

Bang 9. Tham s& caa mo hinh H = f(DBH) Iwa chon,

trén co s& toan bo dir liéu

Sai s6 tiéu
M& hinh Tham s6 chudn cda tham
lya chon 0
a b a b
H= 2,796423|0,568826| 0,16550 |0,021573
ax DBHP 3

Ghi chd.: Cac tham s6 déu co muc y nghia P-
value < 0,0001
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Hinh 4. M6 hinh quan hé H = f(DBH)
trung binh cua ba cap H véi chiéu cao chi thj S;
so véi dir liéu quan sat

T md hinh H/DBH Iya chon, phan chia mo
hinh theo 3 cap chiéu cao: Khao sat bién déng H &
cdp DBH = 30 — 40 cm, trung binh la 35 cm. K&t
quad c6 H = 20,7 m va do lech chudn S = 3,77 m.
Xac dinh bién déng cta H trong cap kinh 35 cm
theo quy luat + 2S ng véi di¥ lieu ndm trong
phan bé chuin véi dé tin cady 95%. Chia bién dé ng
H thanh ba cap. K&t qua co chigu cao chi thi S; cho
3 cdp Hi & cap kinh trung binh 35 cm la: Sy = 26 m,
So1 =21 mva S = 16 m. Thay ddi tham sé a; va cé
dinh b ctia ham mii cho cdp H; a; = S; / 350°68826
Két qua cho cac tham sé ai a1 = 3,409200, a, =
2,743552 va a3 = 2,077904.

Phuong trinh quan hé H = a; x DBHP theo 3
cap H;

Cap H1v&i Syt H = 3409200 x DBH268526 (10)

C&p H 2 V8i So: H = 2743552 % DBHO5688%6 (11)

Cap H 3 v&i S H = 2077904 x DBH 265526 (12)

Trong thyc té€ dé xac dinh chiéu cao chi thj S
ti€én hanh do H, DBH khodng 3 cay trong mét cap
kinh dai dién cda lam phan (vi du rirng non thi co
thé do & cap kinh nhé 10 - 20 cm, trong khi do
rrng thanh thuc thi nén tiép can cap kinh 30 - 40
cm), sau dé tinh trung binh c6 H, va DBH,. Chigu

cao chi thi S; tai DBH = 35 cm cd@a lam phan diéu
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tra (chi s6 lap dia S) s& duoc tinh toan theo cong
thirc sau:

Si = H;x (35 / DBH)0°68826  (13)

Hinh 4 biéu dién md hinh H; = axDBHP theo

ba cdp chiéu cao chi thi khac nhau S;. Hinh nay cho
thay viéc phan chia 3 cdp H la phu hep, cac dueong
cong H/DBH pht khéa kin ddm may diém quan sat
thwc té€ H/DBH.

Thé cac md hinh H; = axDBH theo 3 cap
chiéu cao chi thi S; vao bién H cia mo hinh AGB =
ax DBHH sé c6 dwoc md hinh AGB véi mat bién
s& DBH va tham s6 a; thay déi theo chiéu cao chi
thi Si AGB = axDBHP:

Cap H 1. Soe: AGB = 0,744177 % DBHA469418 (14)

Cap H 2: Sy AGB = 0,7716997 x DBH#69475(15)

C&p H 3: Sie. AGB = 0,089569 x DB #9475 (16)

6000

4000

AGB (kg)

2000

60

20

40
DBH (cm)

Hinh 5. D% thj wéc lwgng AGB theo mét bién sé
DBH va ba cap chiéu cao chi thi S; so véi dir liéu

quan sat

Trong thyc té€ khong can do H toan bg, chi
can xac dinh cap Hi qua chiéu cao chi thj S; dé lva
chon mo6 hinh AGB theo mét bién DBH thich hop
nho do cao 3 cay @ mét cap kinh dai dién trong
lam phan diéu tra. K&t qua & hinh 5 chi ra mé
hinh uvéc tinh AGB theo mét bién s6 dau vao cua

cdng dong la DBH nhung dwec phan chia thanh

ba cdp chiéu cao chi thi Si(chi s6 lap dia) s& nang
cao dé chinh xac rd rét vi cac duong cong nay
bao phu hau nhu toan bé dir lieu AGB quan sat
theo cap DBH.

3.5. M6 hinh sinh khéi Iam phan (TAGB, TBGB)
theo bién s6 BA

Thiét 1ap mod hinh wéc tinh sinh khéi lam phan
trén va duéi mat dat (TAGB va TGBG, tan/ha) v&i
bién s6 dau vao lam phan co thé thu thap bdi
c6ng déng dia phwong la téng ti€t dién ngang
(BA, m?/ha) bang dung cuy Bitterlich. Hinh 6 cho
thdy xu hwéng quan hé gitta TAGB va TBGB theo
BA theo dang dweng thang hodc dang mii; vi vay
cac dang md hinh nay dugc thlr nghiém. Ngoai ra
nhin vao cac dé thi nay thdy rang TAGB va TBGB
bién dong cang cao khi BA tdng, vi vay mo hinh
Maximum Likelihood cé trong s6 can dugc ap
dung dé lam gidam sai s6 wéc tinh TAGB va TBGB
khi cadp BA tang.

Két qua & bang 10 cho thay cac mé hinh dang
power: TAGB = axBAP va TBGB = axBA’ dugc lya
chon vi c6 AIC trung binh bé hon mé hinh tuyén
tinh. Sai s6 trung binh tir 200 lan rdt mau 30% dir
lieu dé danh gia khdong tham gia lap moé hinh cho
thay cac mé hinh wéc tinh sinh khéi cta lam phan
c6 sai s6 nhd, MAPE 9,1 -12,4%.

Cac tham sé cla cac md hinh sinh khéi lam
phan lya chon dugc waéc tinh tir toan bo so6 liéu;
két qua duoc thé hien & hinh 6 trinh dién mo hinh
mi wéc tinh TAGB va TBGB theo BA so véi toan bé
dir lieu 6 mau va bién dong sai s6 cia mod hinh co

trong sé theo gia tri sinh khéi lam phan wéc tinh.

Bang 10. So sanh va tham dinh chéo md hinh wéc tinh TAGB va TBGB theo BA

M6 hinh

Trong s6

AIC

Adj. R?

RMSPE (%)

Bias (%)

MAPE (%)

TAGB = a + b BA

1/BAK

2230

0,891

17,9

-1,8

13,0
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M6 hinh Trong s6 AIC Adj. R? RMSPE (%) Bias (%) | MAPE (%)
TAGB = axBAP (*) 2127 0,887 16,2 -2,1 12,4
TBGB = a + b BA 1/BAK 145 0,930 12,4 -1,8 9.1
TBGB = axBAP (*) 1032 0,925 12,2 -1,3 9.1

(*) Mo hinh lwa cho n theo bién s6 da u vao. Gia tri thé ng ké sai s6 dwo ¢ tinh trung binh tr 200 & n rdt

mé u ngé u nhién: 16 o mé hinh véi 70% dlir lié u, tinh cac chi tiéu so sanh mé hinh AIC va RZ; danh gia mo

hinh v& i 30% dv 1 u, tinh cac sai s6 RMSPE, Bias% va MAPE%
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Hinh 6. Trai: M6 hinh so véi toan bé dir liéu quan
sat, Phai: Sai s6 c6 trong sé theo wéc tinh qua mo
hinh.

A) M6 hinh TAGB = axBAb: B) Mé hinh TBGB =
ax BAb

Néu st dung md hinh wéc tinh sinh khéi lam
phan s& mac sai s& tich iy tir sai s6 s& dung mo
hinh sinh khéi caa cay. Tuy nhién sai s6 MAPE tich
liy thém khi s&¢ dung cac m& hinh lam phan
khoang 10% co6 thé chap nhan dwgc khi khdng co
yéu cau dé chinh xac qua cao; trong khi do viéc do
dac bién s6 BA sé& gidam viéc thu thap s6 liéu cay
ca thé. biéu nay cting déng nhat véi két luan caa
Torres va Lovett (2013) khi s&r dung BA lam bién
dau vao cho mé hinh uéc tinh sinh khéi va cac bon
lam phan & Mexico, n6 giup lam giam khéi lvong
diéu tra hién trwong rat I&n so véi st dung mo
hinh sinh kh&i cay ca thé.
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Bang 11. Tham s& ctia m6 hinh TAGB va TBGB lva

chon trén co s& toan bé dir lieu

M6 hinh ! Sai s6 tiéu chuan
Tham s6
lya cta tham sé
chon a b a b
TAGB =
3,992639] 1,1639080,215972| 0,016557
ax BAP
TBGB =
0,638988 | 1,086061|0,022851 0,011119
ax BAP

Ghi chd: Cac tham 6 déu co mwc y nglia P-
value < 0,001

4. KET LUAN

Phuong phép thiét lap mo hinh sinh khéi dang
Ity thira (power) phi tuyén tinh hop ly cuc dai
(Maximum Likelihood) c6 trong sé va cO xét dén
anh hudng cta cac nhan t6 lam phan cho dé tin
cdy cao hon phuong phap théng dung la tuyén
tinh logarit binh phwong t6i thiéu.

M6 hinh sinh khéi cay rirng trén mat dat AGB
theo bién dau vao don gian ma céng dé ng co thé
thu thap chinh xac la DBH, déng thei do tin cay
cua no dugc cai thién khi phan chia mé hinh theo
ba cdp chiéu cao dang AGB = axDBH", trong do
tham sé a; thay déi theo chigu cao chi thi lap dia S;,
cua lam phan diéu tra. M6 hinh véc tinh sinh khéi
cay rirng dudimat dat BGB c6 do tin cdy cao nhat
véi mot bién s6 DBH dang BGB = axDBHP 1a phu

hop véidir liéu do dac, giam sat cda cé ng dé ng.
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M6 hinh wéc tinh sinh khéi lam phan trén va
dudi mat dat la: TAGB = axBAP va TBGB = axBAb,
trong do BA cong déng co thé do dac duoc trén
hién trudng bang thuéc Bitterlich. S¢ dung mo
hinh w&c tinh sinh khéi lam phan chi do dac bién
BA lam giam s6 liéu thu thap va chi phi, tuy nhién
sai s6 MAPE sé tich Iy thém 9-12% so vai st dung

m& hinh cho cay rirng.
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ALLOMETRIC EQUATIONS FOR ESTIMATING FOREST BIOMASS USING THE PREDICTOR VARIABLES
MEASURED BY LOCAL COMMUNITY

Pham Tuan Anh', Bao Huy?

"Department of Planning and Investment Dak Nong province

?Tay Nguyen University

Summary

To perform participatory carbon monitoring under United Nation — Reducing Emissions from

Deforestation and Forest Degradation (UN-REDD*) program, there is an important need to develop

biomass equations using the predictor variables measured by local people. These equations need to be

accurate and provide quantifiable uncertainty. Using data from 222 destructively sample trees for

developing tree biomass models and 323 sample plots for stand biomass equations, a set of models were

developed to estimate tree aboveground biomass (AGB), tree belowground biomass (BGB), total AGB
(TAGB) and toal BGB (TBGB) in evergreen broadleaf forests (EBLF) of the Central Highlands of Viet Nam.

Diameter at breast height (DBH) and basal area (BA) were used as covariates of the tree and stand

biomass models respectively. Effect of basal area (BA) and site index (S;) on AGB and BGB were examined.

Best models were selected based on mainly Akaike Information Criterion (AIC) and visual interpretation of

model diagnostics. Cross-validation statistics of percent bias, root mean square percentage error (RMSPE),
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and mean absolute percent error (MAPE) were computed by randomly splitting data 200 times into model
development (70%) and validation (30%) datasets and averaging over the 200 realizations. Using the
method of power nonlinear weighted Maximum Likelihood and taking into account the effect of stand
factors obtained the reliability higher than commonly used method is logarithmic linear least squares. The
cross-validation provided quantifiable errors of the developed models. The selected models using the
predictor variables measured and monitored by local communties for estimating AGB and BGB were the
equation forms AGB = axDBH" (a; are parameters associated with S)) and BGB = axDBHP; for estimating
TAGB and TBGB were TAGB = axBAP and TBGB = axBAP. Using the stand biomass models reduce the
data collection but MAPE increase 9-12% compared to the tree biomass models.

Keywords: Biomass model, community, participatory, simple predictor variable.
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