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THIET LAP DONG THOI HE THONG MO HINH PE
CAI THIEN DO TIN CAY TRONG UGC TiNH SINH KHOI - CARBON
CUA CAC BO PHAN CAY BOI LOI DO (Machilus odoratissimus Nees)
O TAY NGUYEN

Tri¢u Thj Ling, Bio Huy
Trueomg Dai hoc Tdy Nguyén

TOM TAT

B lin do (Machiluy odoratissimus Nees) 1a mdt lodi ciy da mypc dich va ¢o
gid trj kinh 1€, bao vé méi trudmg cao. Trong kinh doanh rimg trdng Bén 1i do,
cin c6 hé thbng md hinh wdc tinh chinh xéc sinh khdi timg bd phin ciy; ddng
thin d¢€ tinh todn carbon tich Iy cua ciy rimg cho cic chuong trinh giam phat
dmmmitviwylhotsnmgNg)uéncuuniydwchlénaTinguyén..Zo
méu 300 m* duge lp & céc tdi tir 1 - 7. Chiit hy 22 cdy c6 dudng kinh binh

Tir khoa: Béi i 4o, quin lim phin dé thu thip dir ligu sinh klx’n/carbon ctia bon b) phin ciy la
carbon, sinh khdi, thin (Bst/Cst), vo (Bba/Cba), cinh (Bbr/Cbr), ld (Ble/Cle) va tdng sinh
scemingly unrelated khéi/carbon cua ciy trén mjt dit (AGB/AGC). So sanh hai phuong phap thiét
regression (SUR) lip md hinh: Thiét Iip ddc 1gp cdc md hinh by phin theo phi tuyén c6 trong sb

Maximum Likelihood; va thiét lip déng thin cac md hinh by phin theo phi
tuyén cé trong s6 SUR (seemingly unrelated regression). Két qua cho thiy thiét
lip dbng thisi hé thing cic md hinh sinh khéi - carbon bd phin vi todn b theo
SUR dat d§ tin cdy cao hon céc md hinh by phin duge thiét lip mét cich dc
lip. Hé thing mé hinh wéc tinh dong thii sinh khdi va carbon cdc b phin ciy
Béi 1o do v toin by duge Iya chon c6 dang téng quit: AGB = Byt + Bba+
Bbr + Ble = a <(°HM + a, lx m*w,-o“«»a,x(vm“ Vi AGC = Cst
+ Cha+ Chr + Cle = a,<(D°H™ + a;x@'HM + a,xD™ + a x (@' H™.

Developing simultancously modeling systems for improving reliability of
tree aboveground biomass - carbon and its components estimates for
Machilus odoratissimus Nees in the Central Highlands of Viet Nam

Machilus odoratissimus Nees is a species of multi - purposes, hight economic
value and environmental protection. In plantation business, it demands
modeling system that predicts accurately aboveground biomass and its
components; At the same time, the developed models support to compute
carbon accumulation of forest trees for program of rcducmg emissions from

Keywords: Machilus deforestation and forest degradation. Twenty - two 300 m plots within the full
odoratissimus, range of | - 7 ages in the Central Highlands were measured. A total of 22
biomass, carbon, averaged - dianmeter trees were destructively sampled to obtain a dataset of the
seemingly unrelated dry biomass/carbon of the stem (Bst/Cst), bark (Bba/Cha), branches (Bbr/Chr),
regression (SUR) leaves (Ble/Cle), and total aboveground biomass/carbon (AGB/AGC). The

study compared two methods: developing independent equations was weighted
nonlinear regression fit by maximum likelihood and building simultancous
modeling system was weighted nonlinear fit by seemingly unrelated regression
(SUR). As a result, the modeling system devioped simultancously using SUR
produced higher relability than the models established independently. The
selected forms of modeling systems for estimating tree  aboveground
biomass/carbon and its components were 468 Bst + Bba+ Bbr + Ble =
arx(D'HM + a;(D'H)M + ayxDM + a<(D'H)™ and AGC = Cst + Cha+ Chr
+ Cle = a,<(DPHI™ + a,<(D°HPM + a,xDM + a < (D°HM.
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L DAT VAN DE

Boi I do (Machilus odoratissimus Nees) ¢co
phin bd ty nhién & Indonesia, Malaysia, Viét
Nam va Trung Quéc (Hinsinger va Stnjk
2016). O Tay Nguyén, Bai i do c6 phin b
ty nhién trong nmg la rong thuomg xanh va
duge trong nhiéu tmng cac mo hinh nong lam
két hop trén di¢n tich rily bo hoa ciia dong bao
dén toc thiéu sd,

Bai 1in do la loai ciy da muc dich. Vo Bai ln
d6 chira tinh diu thom, dugc chiét tinh diu
dung trong y hoc, lam huong thom, nguyén
liéu lam keo dan coéng nghiép, son, lam nhang
dot trong tin ngudmg ton gido. GO Bai 1o do
6 mau niu ving, cimg khong méi mot, ¢6 thé
sir dung dong d6 mdc, lam nguyén ligu gidy.
La ¢o thé lam thirc &n cho gia sic (Pham Hoang
Ho, 1999; Lé Van Minh, 1996; Huy ef al,
2009, 2012, 2014).

Gia trj lam duge li¢u cua Bai 1oi do duge dé cap
trong nhiéu nghién ciru trén thé gidi; vo ré Bai
11 d6 lam thude chong viém (Wua er al., 2017),
vo thin ciy chéng tiéu chay (Sumithregowda
et al., 2017), trj dau khop, dau lung (Pandey
va Mandal, 2012). Nhwr vdy, trong cac by phin
thi vo cua thin ciy va vo cia ré ciy Bai loi do
¢6 gid trj cao nhit.

Ngodi ra, trong tinh hinh bién déi khi hau thi
vi¢c phat trién giy trong Bai 1i d6 con c6
dong gop quan trong trong hép thy khi CO;
gidy hi¢u (ng nha kinh (Bao Huy, 2009,
2012, 2014).

Trong kinh doanh B&i loi 6, cin udc tinh
chinh xic sinh khdi cua cic by phin ciy nhu
sinh khéi cia vo cdy, thin, canh, ld dé xic
dinh gia ban chinh xac cho timg bg phén; do
d6 cin c6 md hinh udc tinh sinh khéi cho cac
b{ phin ciay Boi loi do. Bén canh do, cic mo
hinh nay con hiru ich cho uéc tich kha ning
tich liy carbon cua ciy trong cic dy an,
chuong trinh giam phat thai tir mdt va suy
thodi rimg (REDD).

Bao Huy (2009, 2012, 2014) da thiét lap céc
mé hinh wdc tinh sinh khéi tuoi, khé, carbon
cua 4 bg phin cay Boi 101 do 1a thén, vo, canh,
ld va toan by theo ham mi tuyén tinh hoa log
vai mét bién dudmg kinh ngang ngyc (D). Tuy
nhién, cac mé hinh nay dugc thiét lip déc lap,
tich roi nhau, trong khi dé sinh khéi cic bd
phdn cdy c¢6 quan h¢ véi nhau. Vi ly do dé
Parresol (2001) dd gidi thi¢u phuong phap
thiét Igp dong thoi cic mo hinh sinh khéi cua
cic by phin cdy (Seemingly Unrelated
Regression, SUR) dé nang cao d¢ tin cdy. SUR
duyra trén co s& xem xét moi quan hé gitra sinh
khéi cic bd phin ciy dé cin ddi cic tham sb
cia cic md hinh thanh phan va gitip giam bién
dong cua cac tham s6 va ting d tin ciy cua
udc tinh sinh khéi cic by phan va tong cua
ching. Sau d6, nhiéu tic gia d3 ap dung
phuong phip ndy dé thiét 1gp dong thoi hé
théng mé hinh wéc tinh sinh khéi cic bd phin
clia cic lodi cdy, & cac kiéu rimg khic nhau va
cho thiy dd cii thién ding ké dd tin ciy
(Poudel va Temesgen, 2016; Kralicek e al.,
2017; Huy et al., 2019).

Céic phuong phap do sinh khéi chinh xac la
mét trong cic thanh phin thiét yéu dé dinh
lwgng kha néng tich liy carbon cua cdy rimg
va gitip danh gid tic dong tiém ning giam nhe
bién d6i khi hiu (Temesgen er al., 2015). Do
vdy, nghién ciru nay so sanh hai phuong phap
thiét 1ip mé hinh wdc tinh sinh khéi, carbon
cua cic bd phin ciy Boi ldi do va toan bd, 6
la: i) Thiét lap doc ldp cic mé hinh cho timg
b phin cdy nimg vi toan by theo phuong phip
phi tuyén tinh c6 trong s6 Maximum Likelihood;
i) Thiét lip dong thoi cic mé hinh cho timg
b phén cay ring va toan b theo phuong phap
phi tuyén tinh ¢ trong s& Seemingly Unrelated
Regression (SUR). Trén co so do lya chon hé
théng mé hinh wdc tinh sinh khéi - carbon cua
cac bd phén ciy va toan bd vai dé tin ciy duge
cdi thién,
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Trigu Thi Lang et al, 2019(1)

IL VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Dic diém, dbi twgng nghién ciru

Khu wvyc nghién ciru thugc huyén Mang
Yang, tinh Gia Lai. Nhi§t d§ trung binh nam
21,6°C, lugng mua trung binh nim 2.213 mm
(Tram khi tuong thuy vdn Pleiku, Mang
Yang). O d6 cao so v&i mit bién tir 600 - 750
m, dia hinh bing phing. Pit bao gdom dit niu
do trén bazan, dit xim bac mau trén da
granit, dit vang do trén granit (Phong Tai
Nguyén va Méi truong huyén Mang Yang).
Déi twgng nghién ciru ldp mé hinh sinh khéi -
carbon la ciay Boi 1l do (Machilus
odoratissimus Nees) (Yang, 2008; The Plant
List, 2019) hay con c6 tén khac nhu Bai 1o
dec, Khao thom, Re vang (Pham Hoang H,
1999) duge trong theo phuong thirc néng lam
két hop Bai 11 do va sin (Manihot esculenta
Crantz). Trong d6, ty I1¢ két hop Bai loi do
khic nhau nén cic lim phin c6 mit 46 Bai
loi do bién dong tir 500 - 2.000 ciy/ha, co
tudi tir 1 - 7. Cdy Béi 161 do & chu ky kinh
doanh diu 5 - 7 ndm, tréng bing cdy con tir
hat, chu ky kinh doanh 2 - 3 sir dung tai sinh
chéi; s chéi bién dong tir | - 5 chdi gdc.

2.2. O miu va thu thip s li¢u sinh khéi,
carbon ciy miu

Thiét 1gp 22 6 mau hinh tron dién tich 300 m’
rii tir tubi 1 - 7 va trong mdi tudi b tri theo sy
thay d6i mét 4§ Bai 1o do. Mdi tudi tiy theo
bién dong mit dj c6 tir 2 - 4 6 mau duge 1p.
Trong 6 mau do duomg kinh ngang nguc (D,
cm), chiéu cao cdy (H, m), tir d6 tinh todn xdc
dinh cdy binh quin lim phén.

M&i lim phén tién hanh chat ha ciy c6 duong
kinh binh quéin dé thu thip dir liéu sinh khoi.
C6 22 cdy miu binh quén lam phén dugc chit
ha. Cay chiat ha duge boc vo, tach canh, la
khoi than va cin sinh khéi tuoi cic by phin
thin cdy, vo, canh va li. M3i ciy ldy miu
thin & ba vi tri goc, gilta va ngon, canh bao
gbm canh gia va non, vo @ ba vj tri thin cdy

9

va 1a gébm 1a gia va non. Mdi miu c6 khdi
lwgng 100 - 300 g. Tong chng c6 88 miu
dugc thu thip dé phan tich sinh khéi, carbon
o cic by phin cay.

Mau duge siy & nhiét dd 105°C cho dén khi co
khéi lugng khéng doi, tir d6 xic dinh duge ty
1 sinh khoi khd/tuoi cia mdi by phin va tinh
duge sinh khdi khé cho timg ciy méu bao gém
sinh khéi than (Bst, kg), vo (Bba, kg), canh
(Bbr, kg), la (Ble, kg) va tong sinh khéi cay
trén mit dit (AGB = Bst + Bba + Bbr + Ble,
kg). Médu sau khi siy khé duge phin tich %
lugng carbon theo phuong phip Walkley -
Black (1934), tir d6 tinh duge lugng carbon
trong céc bd phin ciy miu bao gom trong than
(Cst, kg), vo (Cba, kg), canh (Cbr, kg), la (Cle,
kg) va tong toan bg carbon trong cdy phén trén
mit dit (AGC = Cst + Cba + Cbr + Cle, kg).
Théng tin cic bién s va sinh khdi, carbon cua
city miu duge tom tit trong Bang 1.

2.3. Thiét lip va lya chon mé hinh sinh
khéi, carbon city rimg

Bién sb djc lgp, dau vao cho cic mé hinh
sinh khoi - carbon ciy rimg: M hinh sinh
khéi ciy rimg c6 46 tin cdy cao nhit khi c6 t6i
da bon bién s6 diu vao la D, H, khéi lugng thé
tich g (WD) va dién tich tan la (CA) (Huy et
al., 2016), trong d6 bién D va H phan anh anh
hwémg kich thudc cay dén sinh khéi, bién WD
dai dién cho loai trong truomg hop mé hinh
gom nhiéu loai va bién CA phan anh anh
huong khic nhau cia kich thudce tin 1a ¢ cic
lodi dén cdc bd phin sinh khéi. Dé don gian
trong dp dung, md hinh chi c6 mét bién D
duge xdy dyng (Brown, 1997; IPCC, 2003); dé
ning cao d¢ tin ciy, so bién s6 dugc gia ting.
Mo hinh bao gém hai bién D va WD (Basuki
et al., 2009) hodic ba bién D, H va WD (Chave
et al., 2005, 2014; Huy et al., 2019). Nghién
ciru ndy thiét lgp moé hinh sinh khéi cho mét
lodi cy thé do do sir dung hai bién sd déc lap D
va H trong d6 H nim trong t6 hop bién D2H
(Chave et al., 2014).



Triéu Thi Lang et al., 2019(1) Tap chi KHLN 2019

Dgng mé hinh: mac di ¢6 nhimg mé hinh  thai cin cir vao xu hudng quan hé sinh khéi
toan phirc tap dé thiét ldp cic md hinh sinh cdc by phin ciy véi D (Hinh 1), nghién ciru
tric (Picard er al., 2015), nhumg hau hét cac  nay dp dung mé hinh power.

n'\éhinh sinh khéi ciy rimg déu sir dung mé Trong s dugc &p dung dé cén bing sai sé sinh
hinh md power (Brown, 1997; IPCC, 2003; .5 ¢ cic cily c6 kich thude Ion (Picard e al.
Basuki er al., 2009; Chave er al., 2005, ZO_M: 2012; Huy et al., 2019).

Kralicek er al., 2017; Huy er al., 2019). Dong

Bing 1. Thong in cic bién s va sinh khéi - carbon ciy miu

Bién sé Téi thidu Trung binh Téi da Sai tiéu chudn (SD)
D (cm) 1.0 44 70 19
H (m) 16 36 54 1.1
A (nam) 1 4 7 17
Bst (kg) 0.132 1.765 4479 1.376
Bba (kg) 0.031 0.549 1.356 0.429
Bbr (kg) 0.040 0.698 1.656 0473
Ble (kg) 0.080 0.833 1.885 0.502
AGB (kg) 0.283 3.844 8.703 2687
Cst (kg) 0.060 0.846 2.156 0.654
Cba (kg) 0.014 0.250 0613 0.195
Cbr (kg) 0.019 0.332 0.793 0.224
Cle (kg) 0.037 0.406 0917 0.244
AGC (kg) 0.130 1.834 4.187 1274

Ghi chii: D: Puwimg kinh ngang ngwe, H: Chiéu cao cdv, A: tudi cdy; Bst, Bba, Bbr, Ble wi AGB lin hept la sink
khdi ciia than, v, canh, Id va tdng; Cst, Cba, Chr, Cle va AGC lin hegt la carbon tich iy trong thin, vo, canh, ld
va ting
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Hinh 1. D6 thi dam may diém sinh khdi cac bd phén ciy va toan bé theo duémg kinh (D)
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Triéu Thij Lang et al., 2019(1)

Thiét Igp déc lgp cic mé hinh sinh khéi tirng
bp phan cdy rimg va toan by theo phuwong
phdp phi tuyén tinh cé trong sé Maximum
Likelihood: Mé hinh theo power c6 thé wdc
legng theo hai phuong phap tuyén tinh héa
thco ham log va phi tuyén tinh. Huy er al,
(2016) da si dung chi sé Fumival Index
(Furnival, 1961) d¢ so sanh hai phuong phap
wic lugng ham power, két qua cho thiy méd
hinh phi tuyén dat 4§ tin cdy cao hon nhiéu so
véi tuyén héa theo log. Do vdy, nghién ciru
ndy sir dung phuong phip phi tuyén tinh co
trong s6 Maximum Likelihood dé thiét lap déc
lip cdc mé hinh sinh khdi cac by phin vi toan
b city nimg.

Sir dung chuong trinh “nlme™ (Pinherio er al.
2014) trong phin mém ma nguén ma R (R Core
Team, 2018) dé lip mé hinh sinh khéi cic by
phin cdy nmg va toan bd ddc ldp vdi nhau
theo dang ham tong quat sau (Kralicek er al.,
2017; Huy et al., 2019):

Y, =axX'+g,

(H

Trong d6 Y, 1a bién phyu thujc gém Bst/Cst,
Bba/Cba, Bbr/Cbr, Ble/Cle, hodic AGB/AGC
(kg) cua ciy mdu thir i; @ va B la cic tham sé
cia md hinh; X, 1d cic bién sé doc lap, dau
vao gém D hojic t6 hgp bién D’H cua ciy
mau thir i; va & 13 sai s6 ngdu nhién img vai
ciy miu i. Md hinh ¢ trong sé 1a 1/Xk, véi k
1a h¢ sd cia ham phuong sai.

Thiét lap dong théi cde mé hinh cho timg bé
phan cdy rimg va toan bo theo phwong phap
phi tuyén tinh c6 trong so Seemingly
Unrelated Regression (SUR): Thir nghiém
niing cao d§ tin ciy cua hé théng mé hinh sinh
khéi, sir dung phuong phip SUR dé thiét lap
dong thari cic md hinh bd phin va toan b va
so sanh voi phuong phap thiét Iip cic mé hinh
mét cach dc lip noi trén.

Ap dung chuong trinh “Proc Model™ thyc hién
trong phin mém SAS (SAS Institute Inc.
2014) vi SUR duge dp dung dé thiét lip dong
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théri hé théng mé hinh sinh khéi - carbon céc bd
phin cdy nmg va todn b theo dang ham chung
sau (Sanquetta er al., 2015; Huy et al., 2019):

Bst =a,x X, +¢ (2)
Bba =a,x X, +z, (3)
br =a,x X,” +&, 4)
Ble=a,x X, +¢, (5)
AGB = Bst + Bba + Bbr + Ble
=a,x X, +a,x X,
+a,%X}} +a,xX{} + &, (6)

Trong d6: Bst, Bba, Bbr, Ble va AGB sinh
khéi 1dn lugt cua thin ciy, vo, canh, ld va téng
sinh khoi trén mit dit cdy rimg; ai va bi la
tham s6 cua ham power i (i = 1, 2, 3, 4 cho
thin, vo, canh va 1a); X; 1a bién sé ddu vao,
doc lap gém D hodc D’H cua ham thir i va
bién j; vi & 1a sai s& ngu nhién cua ham thir i
(f=1,2 3,4, 5). Trong s6 cia mo hinh la
1/X;™ (Picard et al., 2012) véi a thay déi = 10
dé do tim ham t6i uu ¢6 sai sé bé nhit. Tuong
tw nhu viy thiét lip cic mé hinh uéc tinh
dong thoi carbon tich liy trong cic by phin
thin cdy (Cst), vo (Cba), canh (Cbr), la (Cle)
vi toan bd (AGC).

Chi tiéu thong ké danh gid, so sanh cdc mé
hinh: Dé lya chon mé hinh, chi tiéu thong ké
chinh dwgc dp dung la AIC (Akaike
information criterion, Akaike, 1973). AIC
cing bé (vé so dai s6) thi md hinh cang c6 do
tin cdy cao hon. D&ng thoi hé s6 xdc dinh diéu
chinh R:.,, ciing duge sir dung, Rz.,, cang gan
1 thi mé hinh cang chit ché. Song song la sur
dung céc d6 thi quan hé gitra gid trj quan sat
vai dy doan, dé thi bién dong sai sé theo gid
tri dy dodn dé thim dinh va lya chon mé hinh.

Ciéc sai s6 sau ddy duge tinh toan dé so sanh
d§ tin cdy cua cac phuong phap lap mo hinh
khic nhau: Sai l¢ch (Bias, %), sai s& trung
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phuong (root mean square error, RMSE, %),
vi sai sO tuyét dbi trung binh % (mean
absolute percent error, MAPE, %) (Basuki er
al., 2009; Huy et al., 2019). Cac sai s6 cang bé

thi mé hinh dat d§ tin cdy cao hon.
Bias(%) nﬂ’-z—i——i (7)
=l “
RMSE(kg)= Z( vi-3) (8)
l-l
‘) —
MAPE(%)= (9)

J-l

Trong d6 n la sd cy miu; vi, ¥, lan luot la gia
trj sinh khdi - carbon quan sat va udc tinh qua
mé hinh.

1L KET QUA

3.1. Mé hinh wéc tinh sinh khéi cic bj phin
cily rimg

Mai mé hinh b phén ciy va toan bd duge thir
nghiém vé&i hai logi bién sb diu vao 1a D hodc
D’H. Céc mé hinh dugc thiét lip déc lap nhau
va két qua cic chi tiéu thng ké, sai sé cua
timg mé hinh trinh bay & bang 2. Déng thai
ciing thim dinh mdi quan hé giira gia trj sinh
khéi dy dodn so voi quan sit va bién dong sai
s0 c6 trong s6 theo gia tri dy bao qua cac Hinh
2 dén hinh 6.

R B B I T e e N
Bst du doan (kg) = aD" B3t du doan (kg) = a0’

Két qua cho thiy mé hinh sinh khéi thich hop
nhit d6i voi thin ciy (Bst), vo ciy (Bba), la
ciiy (Ble) va toan bd (AGB) c6 to hop bién
D2H; trong khi d6 mé hinh thich hop vai sinh
khéi canh (Bbr) chi ¢6 mét bién don D.

Tir két qua danh gid, lya chon mé hinh; wéc
tinh céc tham s6 cua cac md hinh b phén ciy
va toan b mét cach dée lip nhur sau:

Bst = 0.04780 x (D*H)"*"*"! (10)
Bba = 0.02102 x (D°H)" 7 (1)
Bbr = 0.05324 x D% (12)
Ble = 0.11367 x (D'H)***° (13)

AGB = 0.19364 x (D°H)"*** (14)

3.2. H¢ thong mé hinh wic tinh ddng thoi
sinh khéi - carbon & cic b phin ciy rimg
theo phuong phip SUR

Nghién ciru ndy da thir nghiém phuong phép
SUR dé thiét 1ap dong thii ciac mé hinh sinh
khéi va carbon cua bén bd phén cay (than, vo,
cinh va l4) va tdng toan b, két qua duge trinh
bay ¢ cic bang 3 va bang 4.

Quan h¢ chat ché gitra carbon ciac by phin va
tong duge dy doan qua hé thing mé hinh dong
théi va so véi cac gid tri carbon quan st trinh
bay & hinh 7.

{
|
o |
|

& 1 3 3 & .9 o 1 2 3 4
Bst du doan (kg) = a(D'H)" Bst du doan (kg) = o(D'H)"

Hinh 2. Quan h¢ gia i smh khéi thin ciy (Bst) quan sat vai dy dodn (trii)
vi bién ddng sai s6 co trong s6 theo gid tri Bst dy dodn (phai)
voi cic mé hinh ¢6 bién dau vao khic nhau
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00 05 10 15 00 0s 10 00 0% 10 18 00 0% 10
Bba du doan (kg) = aD" 800 du doan (kg) = 80" Bba du doan (kg) = a(D*H) Bba du doan (kg) = a(0'H)"
Hinh 3. Quan h¢ gid tri smh khéi vo ciy (Bba) quan sat véi dy dodn (trdi)
vi bién dong sai sb c6 trong s theo gid tri Bba dy dodn (phai)
véi céc mod hinh ¢6 bién déu vao khac nhau

= ] .
- P s —3 .
gokm ) ¢ . ‘g' .o gom . .
E x - - i'o s 4 E il 3 - .
0.00| =¥ - - S 000 | = p—
8 ¢ . o . . s gl 2 L 5 ‘-
R00s . " A Bo0s .
3 . . | . )
D | o0
00 05 10 15 00 08 10 00 05 10 15 0% 10
Bbr du doan (kg) = aD" 8o du doan (kg) = 80" Bbr du doan (kg) = a(D'H) Bbr du doan (kg) = a(D'H)"

Hinh 4. Quan h¢ gid tri sinh khéi canh cdy (Bbr) quan sét vdi dudoén (trdi) va bién dgng sai 56
¢6 trong s6 theo gid tri Bbr di don (phai) véi cac mé hinh c6 bién diu vao khac nhau

0g)

B quan s&t

08 &3 10 18 20 o8 10 12 00 0% 10 1% 20 0s 10 iF |
Ble du doan (kg) = #0" e 0u down (g1 » o0 Ble du doan (kg) = a(D'H)" Bl du doan (vg) * a(DH)"
Hinh 5. Quan h¢ gia tri sinh khéi la cdy (Ble) quan sat vai du doan (trdi)
viblcndongsal sécéuongsotheoglim Ble dy doan (phai)
véi cac mé hinh ¢6 bién dau vio khac nhau

00 35 56 75 00 25 50 715 66 2% 80 78 A S
AGB du doan (kg) = aD" AGE du doan (kg) = aD" AGE du doan (kg) = a(0'H)" AGB du doun (g) = a(D'H)"
Hinh 6. Qunn h¢ gid trj sinh khox cdy trén mat dit (AGB) quan sit vdi dy dodn (trdi)
va bién dong sai s0 ¢o trong s0 theo gla tri AGB dy doan (phai)
vGi cic mé hinh ¢6 bién dau vio khic nhau
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L e ., Snsese
2 . . : - * .

—mente |

ey

Hinh 7. Quan hé gia tri carbon dy doan déng thisi theo phwong phap SUR véi gid tri carbon quan
sat cua cac bg phin than ciy (Cst), vo cdy (Cba), canh ciy (Cbr), 1a cdy (Cle) va toan bg trén mét

dit cua ciy (AGC)
Bang 2. So sanh va lyra chon ciac mé hinh sinh khéi b phén
v toan b duge thiét 1ap doc lap nhau
“m::"‘m""a“ Trong 6 AlC AdLR® | Bias(%) | RMSE (kg) | MAPE (%)

M hinh Bst:

Bst=axD’ 10 17.9 0.921 0.07 0.349 214
Bst=a x (D’H)" /D' H)* 66 0.956 199 0.260 17.3
M6 hinh Bba:

Bba=axD’ 10 -231 0.792 -8.79 0.176 283
Bba =ax (D'H)’ MO°H) -285 0.841 -6.30 0.155 222
M6 hinh Bbr:

Bbr=ax D" 10" -8.7 0.841 -9.85 0.170 28.3
Bbr=a x (D°H)" NO°H)* -35 0.768 -12.26 0.206 30.9
M6 hinh Ble:

Bie=a = D" 10" 9.0 0.733 -10.92 0.235 312
Ble = a x (D°H)" HO'H) 85 0.733 -12.01 0.234 328
M6 hinh AGB:

AGB=axD" 10 534 0.925 -0.05 0.665 19.4
AGB =a x (D'H)" ND'H) 50.4 0.933 -1.05 0.627 18.0

Ghi chii: k: hé 36 ciia ham phuong sai;: In ddm la mé hinh lya chon cho timg bj phin cdy rimg va toan bj.
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Bing 3. Sir dung phuong phap SUR thiét lip dong thai cac mé hinh sinh khéi cua than ciy (Bst),
vo cdty (Bba), canh cay (Bbr), la cdy (Ble) va toan by (AGB)

Mé hinh sinh khéi | Trongsé | Thamsé | Giatritham sb va bién déng | RMSE (kg) Adj. R*
cac b phin ciy voi P = 95%
rimg va toan bd
R a 0.03007 + 0.00733 0.260 0.964
Bet =3 % (O'H)" s by 0.90517 + 0.04690
8 0.02204 + 0.00952 0.158 0.865
Bbe = 2: % (O°H)" o b2 0.72807 + 0.08470
a 0.03490 + 0.01050 0.177 0.861
1
Bur=mx ey o; bs 1.92566 + 0.16140
a 0.08521 + 0.02820 0.238 0.775
1
Ble = 3¢ O°H o be 0.52430 + 0.06590
AGB = Bst + Bba+ Bbr + Ble = ay x (O°H)"' + azx (O°H)™ + a3 x D™ + au x (O'H)™ 0.663 0.939

Bang 4. Sir dung phuong phap SUR thiét 1ip dbng thai cic mé hinh carbon cua than ciy (Cst),
vo cdly (Cba), canh ciy (Cbr), 1a ciy (Cle) va toan bg (AGC)

M& hinh carbon
c?ch?"me:g Trongsé | Thamsé “‘“"‘ﬁ'ﬁ?&""m RMSE (kg) | Adj.R®
rimg
- , ay 0.01766 + 0.00504 0.132 0.959
Cst = or(D'H)’ 0 by 0.86600 + 0.05510
i} z a 0.00696 + 0.00269 0.072 0.866
Cba =aX(D°'Hf* | 1D by 0.80754 + 0.07880
‘ a 0.03024 + 0.01160 0.086 0.853
Cbr = 23=0™ "’ bs 1.58313 £ 0.21130
a 0.03523 + 0.01590 0.112 0.789
Clo = 8 X(DHT™ " be 0.56375 ¢ 0.08860
AGC = Cst + Cba+ Cbr + Cle = a,x(D'H)"" + a;x(D'H)™ + a;xD™ + a;(D'H)™ 0.331 0.933
v THAOLGEN dit khac nhau hojc dit & cic mirc thodi hoa

4.1. Diic diém ciia cic mé hinh wérc tinh sinh
khéi city rimg dugc thiét lip dic lip

Khi cic md hinh dugc thiét lap doc lap, sai sb
bé nhit & mé hinh sinh khdi than (Bst) va toan
bé (AGB) véi MAPE = 17 - 18%; trong khi d6
sai 6 woc tinh sinh khéi vo, canh va la cao
hom kha nhiéu, sai s6 MAPE = 22 - 33%.

Hiu hét cic mé hinh sinh khéi bd phin va
AGB déu bao gdm bién H - mdt bién chi thi
cho lap dia khiac nhau (Dutca er al., 2018).
Diéu nay phan anh ding thyc té vi Bai i do &
khu vyc nghién ciru duge trong trén cac logi
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sau nuong riy khéic nhau.

4.2. H¢ théng mé hinh thiét lip déng thii
theo SUR cai thi¢n d{ tin ciy wéc tinh sinh
khéi - carbon ciia cic bj phin ciy rimg va
toan bj

Hé thong mé hinh sinh khéi - carbon thiét ldp
dbng thoi theo SUR c6 cic sai so trung
phuong RMSE xip xi véi cic mé hinh duge
thiét lip déc 1dp va c6 R* cao hon (bang 2 va
bang 3) vi di cai thiégn dugc mdi quan hé
giita cic sinh khéi by phin trong hé thong
mo hinh.
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Sir dung cic mé hinh thiét lgp doc 1ap dé wdc
tinh lin lugt sinh khéi cic bd phin nhu thin,
vo, canh, li va tong lai c6 duge AGB. Gid tri
AGB tir tong ctia cac mé hinh bd phin déc lip
6 sai khic ding ké so véi gid tri duge udc
tinh tir mé hinh AGB dc lip véi cic mé hinh
b phin. Diy l1a han ché cua thiét 13p hé thong
mé hinh riéng 1€ nhur hién nay (Sanquetta er
al., 2015; Poudel and Temesgen, 2016; Huy er
al., 2019).

Vi du vai ciy trung binhco D=50cmva H =
4,0 m, thé vao cic mé hinh djc ldp tir (10) dén
(13) tinh dugc sinh khoi bon bé phin cua ciy
la Bst = 2,018 kg, Bba = 0,621 kg, Bbr=0,139
kg va Ble = 0,981 kg. Téng sinh khéi AGB tir
bon mé hinh déc lip la AGB = 3,759 kg.
Trong khi d6 sir dung mé hinh udc tinh AGB
déc 13p vai bon bd phin cia né 1a ham (14) thi
két qua co AGB = 4,489 kg. Sai léch giira
AGB uéc tinh tir mé hinh déc lip véi AGB
tong tir bén mé hinh by phin 1a 16,3%. Sai
léch nhur vy 1a lém va day ciing la han ché cua
phuong phap truyén théng khi thiét 1ip cic mé
hinh sinh khéi - carbon cho céc bé phén ciy va
AGB mét cich doc lip nhau. Phuong phdp
SUR da thyc sy cai thién diéu nay, hé thong
mé hinh udc tinh dong thai luén cho két qua
sinh khoi ciy trén mjt dit (AGB) luon bing
tong sinh khdi cia bon b phan cay.

Hom thé nira, ap dung SUR thiét 1p dong thoi
hé théng cic mé hinh by phan va toan bd co
xem xét dén moéi lién hé chéo gitra sinh khéi
cic bo phin ciy rimg, tir 46 tham sb cua cic
mé hinh bé phin dugc diéu chinh dé hai hoa
sai 56 va ning cao d§ tin cdy cua toan by hé
thong mo hinh (Parresol, 2001; Poudel and

TAI LIEU THAM KHAO

Temesgen, 2016; Huy et al., 2019). Hinh 7 chi
ra cic gia tri carbon cua cic bg phin cdy va
toan bd duge dy doan qua hé thong mé hinh
thiét 1dp ddng thai theo SUR bam sat cac dir
liéu quan sat thye té.

Pa s6 hién nay chi thiét lip mé hinh wéc tinh
sinh khéi, rit it mé hinh carbon tich lily trong
ciy nimg. Carbon trong cic by phin thyc vt
duge chuyén di theo hé s6 CF = 0.47 (IPCC,
2003, 2006), véi Carbon = CF x Sinh khoi.
Nghién ciru nay da thiét 1p hé théng mé hinh
udc tinh dong thii carbon tich lily & bon by
phin ciy Bai 1oi do va toan bg, diéu nay da
gitp cai thién duge d¢ tin cdy trong ude tinh
carbon tich liy trong cdy nimg ma khéng phai
qua hé s6 chuyén déi cua IPCC.

V.KET LUAN

Thiét lip hé théng mé hinh theo phuong phap
SUR dé udc tinh dong thai sinh khdi - carbon
cua cac bd phin ciy va toan by dat dé tin cdy
cao hon phuong phap truyén théng la thiét lap
mét cich doc lip cac mé hinh timg b phén va
tong chung. Phuong phip SUR la mdt trong
gidi phap phat trién cic hé théng mé hinh uéc
hrgmg sinh khéi - carbon ciy rimg toan dién va
cén duge khuyén khich ap dung & Viét Nam.
H¢ théng mé hinh udc tinh dong thai sinh khdi
- carbon bén by phin ciy rimg Béi 1o do va
tong chung duge lya chon cé dang tong quat
nhur sau:

AGB = Bst + Bba + Bbr + Ble = a; x (D°H)"
+a, % (D'H)™ + a;xD™ + ay x (D'H)™

AGC = Cst + Cba + Cbr + Cle = a, x (D*H)"
+ay % (D’H)™ + a3 x D™ + ag x (D°'H)™

1. Akaike, H., 1973, Information theory as an extension of the maximum likelihood principle. In: Petrov, BN,
Csaki, F.E. (Eds.), Second International Symposium on Information Theory. Akademiai Kiado, Budapest, pp.

267 - 281
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