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THIET LAP DONG THOI HE THONG MO HiNH PE
CAI THIEN PO TIN CAY TRONG UGC TiNH SINH KHOI - CARBON
CUA CAc BO PHAN CAY BOI LOI PO (Machilus odoratissimus Nees)
G TAY NGUYEN

Triéu Thi Lang, Bao Huy
Truong Pai hoc Tay Nguyén

TOM TAT

Boi 161 @6 (Machilus odoratissimus Nees) 1a mét loai cady da muc dich va co
gia tri kinh té, bao vé méi trudng cao. Trong kinh doanh ring tréng Boi 10 do,
can ¢6 hé théng mo hinh uéc tinh chinh xac sinh khéi tirmg bo phan ciy; dong
thoi dé tinh toan carbon tich liiy ctia cAy rimg cho cac chwong trinh giam phat
thai tir mat va suy thoai rirng. Nghién ciru nay thuc hién ¢ Tay Nguyén, 22 6
mau 300 m? dwoc lap & cac tudi tir 1 - 7. Chat ha 22 cay c6 duong kinh binh

Tir khéa: Boi 10i do, quan 1am phan dé thu thap dir liéu sinh khéi/carbon cua bon bo phan cay la
carbon, sinh khdi, than (Bst/Cst), vo (Bba/Cba), canh (Bbr/Cbr), l&4 (Ble/Cle) va téng sinh
seemingly unrelated khéi/carbon cua cay trén mat dat (AGB/AGC). So sanh hai phuong phap th1et
regression (SUR) lap md hinh: Thiét lap doc lap cac mo hinh bd phan theo phi tuyén c6 trong sb

Maximum Likelihood; va thiét lap dong thoi cac md hinh bo phan theo phi
tuyén c6 trong s SUR (seemingly unrelated regression). Két qua cho thay thiét
lap dong thoi hé thdng cac md hinh sinh khéi - carbon bo phan va toan bo theo
SUR dat d tin cay cao hon cac mé hinh b phan dugc thiét 1ap mot cach doc
lap. Hé thong md hinh wéc tinh dong thoi sinh khdi va carbon cac bo phan cay
Boi 101 do va toan bo duoc lya chon c6 dang téng quat: AGB = Bst + Bba+
Bbr + Ble = a;x(D?H)"* + a,x(D’H)" + azxD" + a,x(D?H)" va AGC = Cst
+ Cba+ Cbr + Cle = a;x(D*H)™ + a,%(D?H)" + a;xD" + a,x(D*H)™.

Developing simultaneously 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 reducing emissions from

Keywords: Machilus deforestation and forest degradation. Twenty - two 300 m? plots within the full
odoratissimus, range of 1 - 7 ages in the Central Highlands were measured. A total of 22
biomass, carbon, averaged - diameter trees were destructively sampled to obtain a dataset of the
seemingly unrelated dry biomass/carbon of the stem (Bst/Cst), bark (Bba/Cba), branches (Bbr/Cbr),
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 simultaneous
modeling system was weighted nonlinear fit by seemingly unrelated regression
(SUR). As a result, the modeling system devloped simultaneously using SUR
produced higher reliability than the models established independently. The
selected forms of modeling systems for estimating tree aboveground
biomass/carbon and its components were AGB = Bst + Bba+ Bbr + Ble =
a;x(D’H)™ + a,x(D*H)" + azxD™ + a,x(D’H)™ and AGC = Cst + Cha+ Cbr
+ Cle = a;x(D?H)™ + a,x(D*H)" + azxD" + a,x(D’H)™.
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L. DAT VAN PE

Boi loi do (Machilus odoratissimus Nees) co
phan bd tu nhién & Indonesia, Malaysia, Viét
Nam va Trung Qudc (Hinsinger va Strijk,
2016). O Tay Nguyén, Boi 101 d6 c6 phan bd
tu nhién trong rang 14 rong thuong xanh va
dugc trong nhiéu trong cac md hinh ndng 1am
két hop trén dién tich rdy bo héa cua ddng bao
dan toc thiéu sd.

Boi loi do 1a loai cay da muc dich. Vo Boi loi
doé chaa tinh dau thom, duoc chiét tinh dau
dung trong y hoc, lam huong thom, nguyén
liéu lam keo dan c6ng nghiép, son, lam nhang
dbt trong tin ngudng ton gido. G6 Boi 1oi do
c6 mau nau vang, cing khdng mdi mot, c6 thé
st dung dong d6 maoc, 1am nguyén liéu gidy.
L4 c6 thé 1am thirc an cho gia suc (Pham Hoang
Ho, 1999; Lé Van Minh, 1996; Huy et al.,
2009, 2012, 2014).

Gia tri 1am duoc liéu cua Boi 101 do duoc dé cap
trong nhiéu nghién ctu trén thé gioi; vo ré Boi
161 d6 1am thude chéng viém (Wua et al., 2017),
vo than cay chdng tiéu chay (Sumithregowda
et al., 2017), tri dau khép, dau lung (Pandey
va Mandal, 2012). Nhu vay, trong cac bo phan
thi vo cua than ciy va vo cia ré cay Boi loi do
c6 gia tri cao nhat.

Ngoai ra, trong tinh hinh bién d6i khi hau thi
viéc phét trién gay trong Boi 101 d6 con co
dong gép quan trong trong hip thu khi CO,
gay hiéu ung nha kinh (Bao Huy, 2009,
2012, 2014).

Trong kinh doanh Boi loi do, can woc tinh
chinh xéc sinh khéi cua cac bo phan ciy nhu
sinh khdi cua vo cdy, than, canh, 14 dé xac
dinh gid ban chinh xac cho tung b6 phan; do
d6 can c6 mo hinh wdc tinh sinh khéi cho céc
bo phan cay Boi loi do. Bén canh d6, cac mo
hinh nay con hiru ich cho uéc tich kha nang
tich liy carbon cua cdy trong cac du an,
chwong trinh giam phét thai tir mat va suy
thodi riing (REDD).

Bao Huy (2009, 2012, 2014) da thiét lap cac
mé hinh wéc tinh sinh khéi tuoi, kho, carbon
cua 4 bo phan cay Boi loi do l1a than, vo, canh,
14 va toan bd theo ham mii tuyén tinh héa log
véi mot bién duong kinh ngang nguc (D). Tuy
nhién, cdc m6 hinh nay dugc thiét lap doc lap,
tach roi nhau, trong khi d6 sinh khdi cac bo
phan cdy cé quan hé véi nhau. Vi ly do d6
Parresol (2001) da gidi thiéu phuong phap
thiét lap dong thoi cac mé hinh sinh khdi cua
cac bo phan cay (Seemingly Unrelated
Regression, SUR) dé nang cao d6 tin cay. SUR
dira trén co s& xem xét mdi quan hé gitra sinh
khéi cac bo phan cay dé can d6i cac tham sb
cua cac mo hinh thanh phan va gitp giam bién
dong cua cac tham sb va tang do tin cay cua
woc tinh sinh khdi cac bo phan va tong cua
chung. Sau d6, nhiéu tac gia di 4ap dung
phuong phap nay dé thiét lap dong thoi hé
théng mé hinh wéc tinh sinh khdi cac bo phan
cua cé4c loai cay, ¢ cac kiéu rirng khac nhau va
cho thiy da cai thién dang ké do tin cay
(Poudel va Temesgen, 2016; Kralicek et al.,
2017; Huy et al., 2019).

Céac phuong phap do sinh khéi chinh xac la
mot trong cac thanh phan thiét yéu dé dinh
luong kha nang tich lity carbon cua cady rung
va gitip danh gia tac dong tiém nang giam nhe
bién d6i khi hau (Temesgen et al., 2015). Do
vay, nghién ciru nay so sanh hai phuong phap
thiét 1ap moé hinh u6c tinh sinh khéi, carbon
cua cac bd phan cay Boi loi do va toan bo, do
1a: i) Thiét lap doc lap cac md hinh cho ting
bo phan cay ring va toan bo theo phuong phap
phi tuyén tinh c6 trong s6 Maximum Likelihood;
i) Thiét lap dong thoi cac mé hinh cho tung
b6 phan cay rirng va toan bg theo phuong phap
phi tuyén tinh c6 trong s6 Seemingly Unrelated
Regression (SUR). Trén co s& d6 lua chon hé
thong mo hinh wéc tinh sinh khdi - carbon cua
cac bo phan céay va toan bo vai do tin cay duoc
cai thién.
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IL. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Pic diém, déi twong nghién cieu

Khu vuc nghién cuau thudc huyén Mang
Yang, tinh Gia Lai. Nhi¢t o trung binh nam
21,6°C, lugng mua trung binh nim 2.213 mm
(Tram khi twong thuy van Pleiku, Mang
Yang). O d6 cao so v6i mit bién tir 600 - 750
m, dia hinh bang phing. Dit bao gom dat nau
d6 trén bazan, dat xam bac mau trén da
granit, dit vang do trén granit (Phong Tai
Nguyén va Mo6i trueong huyén Mang Yang).

Déi twong nghién cau 1ap mé hinh sinh khéi -
carbon la cady Boi loi d6 (Machilus
odoratissimus Nees) (Yang, 2008; The Plant
List, 2019) hay con c6 tén khac nhu Boi 1oi
dec, Khao thom, Re vang (Pham Hoang Ho,
1999) duoc trong theo phuong thirc ndng 1am
két hop Boi 101 do va san (Manihot esculenta
Crantz). Trong d6, ty 1& két hop Boi loi do
khac nhau nén céc 1am phan c6 mat do Boi
l6i do bién dong tir 500 - 2.000 cay/ha, c6
tudi tir 1 - 7. Cay Boi 101 d6 & chu ky kinh
doanh dau 5 - 7 niam, trdng bang cay con ti
hat, chu ky kinh doanh 2 - 3 sir dung tai sinh
chdi; s6 chdi bién dong tir 1 - 5 chdi géc.

2.2. O miu va thu thap sb ligu sinh khai,
carbon cay mau

Thiét 1ap 22 6 mau hinh tron dién tich 300 m?
rai tir tudi 1 - 7 va trong mdi tudi bé tri theo su
thay d6i mat do Boi 161 do. Mdi tudi tly theo
bién dong mat do co tir 2 - 4 6 mau duoc lap.
Trong 6 mau do duong kinh ngang nguc (D,
cm), chiéu cao cay (H, m), tir d6 tinh toan xac
dinh cay binh quén 1am phan.

MAbi 1am phan tién hanh chit ha cay c6 duong
kinh binh quan dé thu thap dit liéu sinh khoi.
C6 22 cay mau binh quan 1am phan dugc chit
ha. Cay chat ha dugc bdc vo, tach canh, 1a
khoi than va can sinh khéi tuoi cac bo phan
than cay, vo, canh va 4. Mai cay lay mau
than & ba vi tri gdc, gitta va ngon, canh bao
gom canh gia va non, vo ¢ ba vi tri than cay
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va 14 gébm 14 gia va non. Mai mau cé khdi
lwgng 100 - 300 g. Tong cong cd 88 mau
duoc thu thap dé phan tich sinh khéi, carbon
& cac bo phan cay.

Mau duoc sdy & nhiét do 105°C cho dén khi co
khéi luong khong ddi, tir d6 xac dinh dugc ty
1& sinh khdi kho/twoi cia mdi b phan va tinh
duoc sinh khéi kho cho tirng cay mau bao gdom
sinh khéi than (Bst, kg), vo (Bba, kg), canh
(Bbr, kg), 14 (Ble, kg) va téng sinh khéi cay
trén miat dat (AGB = Bst + Bba + Bbr + Ble,
kg). Mau sau khi siy kho dugc phan tich %
luong carbon theo phuong phap Walkley -
Black (1934), tir d6 tinh dwoc luwgng carbon
trong c4c bo phan cdy mau bao gom trong than
(Cst, kg), vo (Cba, kg), canh (Cbr, kg), 1a (Cle,
kg) va téng toan bo carbon trong cay phan trén
mat dat (AGC = Cst + Cba + Cbr + Cle, kg).
Théng tin cac bién sé va sinh khéi, carbon cua
cay mau duoc tom tit trong Bang 1.

2.3. Thiét 1ap va lya chon md hinh sinh
khéi, carbon cay rirng

Bién sé dgc ldp, dau vao cho cac md hinh
sinh khéi - carbon cay ring: Mé hinh sinh
khéi cay rimg c6 do tin cay cao nhat khi c6 téi
da bon bién sé dau vao 1a D, H, khéi luong thé
tich gé (WD) va dién tich tan 1a (CA) (Huy et
al., 2016), trong d6 bién D va H phan anh anh
huong kich thudce cay dén sinh khdi, bién WD
dai dién cho loai trong truong hop moé hinh
gom nhiéu loai va bién CA phan anh anh
huong kh&c nhau cua kich thuéc tan 14 ¢ cac
loai dén céc bo phan sinh khéi. Bé don gian
trong &4p dung, mé hinh chi c6 mét bién D
duogc xay dung (Brown, 1997; IPCC, 2003); dé
ning cao do tin cay, sb bién sb duoc gia ting.
M6 hinh bao gom hai bién D va WD (Basuki
et al., 2009) hoic ba bién D, H va WD (Chave
et al., 2005, 2014; Huy et al., 2019). Nghién
ctru nay thiét 1ap md hinh sinh khéi cho mot
loai cu thé do d6 sir dung hai bién sé doc lap D
va H trong d6 H ndm trong t6 hop bién D2H
(Chave et al., 2014).
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Dang mé hinh: mac du c6 nhitng mé hinh
toan phtc tap dé thiét 1ap cac mé hinh sinh
trac (Picard et al., 2015), nhung hau hét cac
md hinh sinh khéi cdy rimg déu st dung md
hinh mii power (Brown, 1997; IPCC, 2003;
Basuki et al., 2009; Chave et al., 2005, 2014,

Kralicek et al., 2017; Huy et al., 2019). Bong

Bang 1. Thong in cac bién s va sinh khdi - carbon cdy mau

thdi can cir vao xu hudng quan hé sinh khbi
cac bo phan cay véi D (Hinh 1), nghién ctu
nay ap dung mo hinh power.

Trong sé duoc ap dung dé can bang sai s6 sinh

khéi & cac cay c6 kich thuéc lon (Picard et al.
2012; Huy et al., 2019).

Bién s6 Téi thidu Trung binh T6i da Sai tiéu chuén (SD)
D (cm) 1.0 4.4 7.0 1.9
H (m) 1.6 3.6 5.4 1.1

A (nam) 1 4 7 1.7
Bst (kg) 0.132 1.765 4.479 1.376

Bba (kg) 0.031 0.549 1.356 0.429

Bbr (kg) 0.040 0.698 1.656 0.473

Ble (kg) 0.080 0.833 1.885 0.502

AGB (kg) 0.283 3.844 8.703 2.687

Cst (kg) 0.060 0.846 2.156 0.654

Cba (kg) 0.014 0.250 0.613 0.195

Cbr (kg) 0.019 0.332 0.793 0.224

Cle (kg) 0.037 0.406 0.917 0.244

AGC (kg) 0.130 1.834 4.187 1.274

Ghi chii: D: Puong kinh ngang nguc, H: Chiéu cao cay, A: tugi cay; Bst, Bba, Bbr, Ble va AGB lan luot |a sinh
khoi cua than, vé, canh, 14 va tong; Cst, Cba, Cbr, Cle va AGC lan lugt la carbon tich liiy trong thdn, vé, canh, 14

va tong
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Hinh 1. B thi ddm may diém sinh khdi cac bo phan ciy va toan bo theo duong kinh (D)
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Thiét ldp déc lgp cac md hinh sinh khéi tirng
bé phdn cay rang va toan bg theo phwong
phap phi tuyén tinh co treng sé Maximum
Likelihood: M6 hinh theo power c6 thé wuéc
luong theo hai phuong phép tuyén tinh hoa
theo ham log va phi tuyén tinh. Huy et al.,
(2016) da sir dung chi s6 Furnival Index
(Furnival, 1961) dé so sanh hai phuong phap
wdc luong ham power, két qua cho thiy mo
hinh phi tuyén dat d6 tin ciy cao hon nhiéu so
véi tuyén hoa theo log. Do vay, nghién ctu
nay sir dung phuwong phap phi tuyén tinh c6
trong s6 Maximum Likelihood dé thiét lap doc
lap cac m6 hinh sinh khéi cac bo phan va toan
bo cay rung.

Str dung chuong trinh “nlme” (Pinherio et al.
2014) trong phan mém ma ngudén mo R (R Core
Team, 2018) dé 1ap md hinh sinh khéi cac bo
phan cay ring va toan bo doc lap vaoi nhau
theo dang ham tong quat sau (Kralicek et al.,
2017; Huy et al., 2019):

Y, :O‘XX?"'Si 1)

Trong d6 Y; la bién phu thuéc gom Bst/Cst,
Bba/Cba, Bbr/Cbr, Ble/Cle, hoac AGB/AGC
(kg) cuia cAdy mau th i; o va B 1a cac tham sé
cua md hinh; X; la cac bién sé doc lap, dau
vao gdbm D hoic td hop bién D’H cua cay
mau tht i; va & 1a sai s ngau nhién ung voi
cay mau i. Md hinh c6 trong sb 1a 1/Xik, véi k
1a hé s6 ciia ham phuong sai.

Thiét Idp dong thoi cac mé hinh cho tirng b
phdn cay reng va toan bg theo phwong phdp
phi tuyén tinh c6 trong so Seemingly
Unrelated Regression (SUR): Thir nghiém
néng cao d tin cay cua hé thong md hinh sinh
khéi, sir dung phuwong phap SUR dé thiét lap
ddng thoi cac mé hinh bd phan va toan bo va
s0 sanh voi phuong phap thiét 1ap cac md hinh
mot cach doc lap noi trén.

Ap dung chuong trinh “Proc Model” thuc hién
trong phin mém SAS (SAS Institute Inc.
2014) v6i SUR duoc ap dung dé thiét lap dong
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thoi hé thdng mé hinh sinh khdi - carbon cac bo
phan cay rirng va toan bd theo dang ham chung
sau (Sanquetta et al., 2015; Huy et al., 2019):

Bst =a, x X, +¢, (2)
Bba =a, x X, +¢, 3)
br =a, x X;,** +¢, (4)
Ble=a, x X, " +e¢, (5)

AGB = Bst + Bba + Bbr + Ble

=a, x leb“ +a, x ijb“
+a,x X3 +a,x X + g (6)

Trong d6: Bst, Bba, Bbr, Ble va AGB sinh
khéi 1an luot cua than cdy, vo, canh, 14 va tong
sinh khéi trén mat dat cay ring; ai va bi la
tham s6 cua ham power i (i = 1, 2, 3, 4 cho
than, vé, canh va 1a); X; 1a bién sé dau vao,
doc 1ap gdm D hoic D?H cua ham thir i va
bién j: va & 1 sai s6 ngau nhién cua ham thu i
(i=1, 2, 3,4, 5). Trong sé caa md hinh I
1/X;*® (Picard et al., 2012) véi a thay ddi + 10
dé do tim ham t6i wu c6 sai s6 bé nhat. Twong
ty nhu vay thiét lap cac mo hinh udc tinh
ddng thai carbon tich lity trong cac bo phan
than cay (Cst), vo (Cha), canh (Cbr), 1a (Cle)
va toan bo (AGC).

Chi tiéu thong ké ddanh gid, so sanh cic mé
hinh: Dé lya chon md hinh, chi tiéu théng ké
chinh dugc 4p dung la AIC (Akaike
information criterion, Akaike, 1973). AIC
cang bé (vé sb dai s6) thi mo hinh cang c6 do
tin cay cao hon. Bong thoi hé sé xac dinh diéu
chinh R%g; ciing dugc sir dung, R%gj cang gan
1 thi md hinh cang chat ch&. Song song la sir
dung cac d6 thi quan hé giita gia tri quan sat
v6i du doan, @6 thi bién dong sai sé theo gia
tri du doan dé tham dinh va lya chon md hinh.
Cac sai sb sau day duoc tinh toan dé so sanh
do tin cay cua cac phuong phap 1ap md hinh
khéc nhau: Sai léch (Bias, %), sai s6 trung
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phuong (root mean square error, RMSE, %),
va sai so tuyét ddi trung binh % (mean
absolute percent error, MAPE, %) (Basuki et
al., 2009; Huy et al., 2019). C4c sai sb cang bé
thi mo hinh dat d¢ tin cay cao hon.

Bias(%) @zyi—y, (7)
n i Y

18, o

RMSE (kg) = |~ > (% = §))’ ®)

i=1

d yi_/\l

MAPE(%) =20 o ©)
n i=1 yi

Trong d6 n 1a s6 cy mau; yi, §, lan luot la gia
trj sinh khéi - carbon quan sat va wdc tinh qua
mo hinh.

I KET QUA

3.1. M hinh wéc tinh sinh khéi cac by phan
cay rurng

M&i md hinh bo phan cay va toan bo dugc thu
nghiém véi hai loai bién s6 dau vao 1a D hoic
D’H. Cac mb hinh dugc thiét lap doc 1ap nhau
va két qua cac chi tiéu théng ké, sai sé cua
ting mo hinh trinh bay & bang 2. Péng thoi
ciing thAm dinh méi quan hé giita gia tri sinh
khéi du doan so véi quan séat va bién dong sai
s6 ¢o trong sb theo gi4 tri du béo qua céc Hinh
2 dén hinh 6.
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Bst quan sat (kg)

Két qua cho thdy md hinh sinh khéi thich hop
nhat d6i véi than cay (Bst), vo cay (Bba), 1
cay (Ble) va toan bo (AGB) cd té hop bién
D2H; trong khi d6 mdé hinh thich hop véi sinh
khi canh (Bbr) chi c6 mét bién don D.

Tur két qua danh gia, lua chon mé hinh; wéc
tinh céc tham sb caa cac mo hinh bo phan cay
va toan bo mot cach doc lap nhu sau:

Bst = 0.04780 x (D°H)*812" (10)
Bba = 0.02102 x (D?H)""%% (11)
Bbr = 0.05324 x D908 (12)
Ble = 0.11367 x (D?H)"4%%%° (13)
AGB = 0.19364 x (D’H)*828 (14)

3.2. Hé théng mé hinh wée tinh dong thoi
sinh khdi - carbon ¢ cac bd phan cay ring
theo phuwong phap SUR

Nghién ctru nay da thtr nghiém phuong phap
SUR d¢é thiét lap ddng thoi cac mé hinh sinh
khéi va carbon cua bn bo phan cay (than, vo,
canh va 18) va tdng toan bo, két qua dugc trinh
bay & cac bang 3 va bang 4.

Quan hé chat ché gitra carbon cac b6 phan va
téng duoc dy doan qua hé théng mé hinh déng
thoi va so vai cac gia tri carbon quan sét trinh
bay & hinh 7.
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Hinh 2. Quan hé gia trj sinh khdi than cay (Bst) quan sat v6i du doan (trai)
va bién dong sai so c6 trong so theo gia tri Bst du doan (phai)
v6i1 cac mo hinh c6 bién dau vao khac nhau
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Hinh 6. Quan hé gia tri sinh kh01 cay trén mat dat (AGB) quan sat v6i du doan (trai)
va bién dong sai s6 co trong sb theo gia tri AGB du doan (phai)
v6i cac mo hinh ¢6 bién dau vao khac nhau
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Cst du dodn (kg)

20

=

Cbr dy doin (kg)

07s )

AGC dy dodin (kg)

2 3
AGC quan sdt (kg)

Hinh 7. Quan hé gia trj carbon du doan ddng thoi theo phuong phap SUR véi gi tri carbon quan
sat ciia cac bo phan than cay (Cst), vo cay (Cba), canh cay (Cbr), 14 cay (Cle) va toan b trén mat

dat cua cay (AGC)

Bang 2. So sanh va lya chon cac mé hinh sinh khéi bo phan

va toan bo duoc thiét 1ap doc lap nhau

Mépﬂg‘nhvsﬂg é'l‘nhgiéb‘:’ Trong sé AIC Adj. R? Bias (%) | RMSE (kg) | MAPE (%)

M6 hinh Bst:

Bst=a x D" 1/D* 17.9 0.921 0.07 0.349 21.4
Bst = a x (D?H)" 1/(D*H)* 6.6 0.956 1.99 0.260 17.3
M6 hinh Bba:

Bba=a x D° 1/D* -23.1 0.792 -8.79 0.176 28.3
Bba = a x (D°H)° 1/(D*H)* -285 0.841 -6.30 0.155 22.2
M6 hinh Bbr:

Bbr=a x D" 1/D* -8.7 0.841 -9.85 0.170 28.3
Bbr = a x (D°H)° 1/(D*H) -35 0.768 -12.26 0.206 30.9
M6 hinh Ble:

Ble= a x D° 1/D* 9.0 0.733 -10.92 0.235 31.2
Ble = a x (D°H)° 1/(D*H)* 8.5 0.733 -12.01 0.234 32.8
Mb hinh AGB:

AGB =ax D" 1/D* 53.4 0.925 -0.05 0.665 19.4
AGB = a x (D*H)" 1/(D*H)* 50.4 0.933 -1.05 0.627 18.0

Ghi chd: k: hé sé ciia ham phwong sai; In dam 1& mo hinh lya chon cho ting bg phdn cay ring va toan bg.
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Bang 3. Sir dung phuong phap SUR thiét lap dong thoi cac mé hinh sinh khdi caa than cay (Bst),
vo cay (Bba), canh cay (Bbr), l1a cay (Ble) va toan bo (AGB)

M6 hinh sinh khéi | Trong sé Tham sé Gia tri tham sé va bién dong RMSE (kg) Adj. R?
cac bo phan cay véi P = 95%
rtevng va toan bo
2 bl a1 0.03007 = 0.00733 0.260 0.964
Bst = a; x (D°H) 1/D
b 0.90517 = 0.04690
a; 0.02204 = 0.00952 0.158 0.865
Bba = a, x (D?H)" 1/D 2
b2 0.72807 = 0.08470
a 0.03490 = 0.01050 0.177 0.861
Bbr = asx D™ 1D? :
bs 1.92566 + 0.16140
a 0.08521 + 0.02820 0.238 0.775
Ble = a4y x (D°H)™ 1/D N
ba 0.52430 = 0.06590
AGB = Bst + Bba+ Bbr + Ble = a; x (D*H)" + az x (D°H)"* + a3 x D™ + a4 x (D*H)™ 0.663 0.939

Bang 4. St dung phuong phap SUR thiét lap dong thoi cac mé hinh carbon cua than cay (Cst),

vo cay (Cha), canh cay (Cbr),

la cay (Cle) va toan bo (AGC)

Mo hinh carbon : . Gia tri tham sé va bién déng !
cac bo phancay | Trong so Tham so P ; RMSE (kg) Adj. R
N NI 4 v&i P = 95%
rieng va toan bo
- a1 0.01766 + 0.00504 0.132 0.959
Cst = a;x(D"H) 1/D
b1 0.86600 = 0.05510
a 0.00696 + 0.00269 0.072 0.866
Cha = a,x(D?H)* /D2 2
b2 0.80754 + 0.07880
a 0.03024 + 0.01160 0.086 0.853
Cbr = azxD™ 1/D? $
bs 1.58313 £ 0.21130
a 0.03523 + 0.01590 0.112 0.789
Cle = asx(D?H)* 1/D *
bs 0.56375 + 0.08860
AGC = Cst + Cba+ Cbr + Cle = a;x(D*H)™ + ax(D*H)"? + agxD"® + asx(D*H)"* 0.331 0.933

IV. THAO LUAN

4.1. Pic diém ciia cac mé hinh wéc tinh sinh
khoi cay rirng dwoc thiét lap doc lap

Khi cdc mé hinh duoc thiét 1ap doc lap, sai s6
bé nhat & mé hinh sinh khéi than (Bst) va toan
bo (AGB) v6i MAPE = 17 - 18%; trong khi do
sai s6 ugc tinh sinh khdi vo, canh va la cao
hon khé nhiéu, sai s6 MAPE = 22 - 33%.

Hau hét cac mo hinh sinh khéi bo phan va
AGB déu bao gom bién H - mét bién chi thi
cho lap dia khac nhau (Dutca et al., 2018).
Diéu ndy phan anh dung thuc té vi Boi 161 do ¢
khu vuc nghién ciru duoc trong trén cac loai
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dat khac nhau hoic dit & cac muc thoai hda
sau nuong ray khac nhau.

4.2. Hé théng mo hinh thiét lap dong thoi
theo SUR cai thién d9 tin cay wéc tinh sinh
khdéi - carbon ciaa cac by phan cay rirng va
toan bo

Hé théng md hinh sinh khéi - carbon thiét lap
dong thoi theo SUR c6 céc sai sé trung
phuong RMSE x4p xi Vi cac mo hinh dugc
thiét 1ap doc 1ap va cé R? cao hon (bang 2 va
bang 3) vi di cai thién dugc mdi quan hé
gitta cac sinh khdi bo phan trong hé théng
mo hinh.
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Str dung cac mé hinh thiét lap doc lap dé udc
tinh lan luot sinh khéi cac bo phan nhu than,
vo, canh, 14 va tong lai c6 duoc AGB. Gia tri
AGB tir tong ctia cac m6 hinh b phan doc lap
c¢6 sai khac dang ké so véi gia tri duoc udc
tinh tir m6 hinh AGB doc lap véi cac mo hinh
bo phan. Pay 1a han ché cua thiét 1ap hé thdng
mo hinh riéng I€ nhu hién nay (Sanquetta et
al., 2015; Poudel and Temesgen, 2016; Huy et
al., 2019).

Vi du vai cay trung binhcd D=50cmvaH =
4,0 m, thé vao cac mé hinh doc 1ap tir (10) d&én
(13) tinh dugc sinh khéi bdn bo phan cua cay
la Bst = 2,018 kg, Bba = 0,621 kg, Bbr = 0,139
kg va Ble = 0,981 kg. Tong sinh khéi AGB tur
bén mé hinh doc lap 1a AGB = 3,759 kg.
Trong khi d6 str dung m6 hinh uéc tinh AGB
doc 1ap voi bdn b phan caa nd 1a ham (14) thi
két qua c6 AGB = 4,489 kg. Sai léch giita
AGB uéc tinh tir mé hinh doc lap voi AGB
téng tir bon md hinh bo phan 1a 16,3%. Sai
léch nhu vay 1a 16n va ddy ciing 1 han ché cua
phuong phap truyén thdng khi thiét 1ap cac md
hinh sinh khdi - carbon cho cac bo phan cay va
AGB mot cach doc lap nhau. Phuong phap
SUR d3 thyuc su cai thién diéu nay, hé thdng
mo hinh wdc tinh dong thoi ludn cho két qua
sinh khéi cay trén mat dat (AGB) ludn bang
téng sinh khdi cua bn bo phan cay.

Hon thé nira, 4p dung SUR thiét lap ddng thoi
hé théng cac md hinh bd phan va toan bo cé
xem xét dén mdi lién hé chéo giira sinh khdi
cac bo phan cay rung, tir d6 tham s cua cac
md hinh bd phan dwoc diéu chinh dé hai hoa
sai s6 va nang cao do tin cdy cua toan bo hé
théng md hinh (Parresol, 2001; Poudel and

TAI LIEU THAM KHAO

Temesgen, 2016; Huy et al., 2019). Hinh 7 chi
ra cac gia tri carbon cua cac bo phan cay va
toan bo duoc du doan qua hé théng mé hinh
thiét lap dong thoi theo SUR bam sét cac dir
liéu quan sét thuc té.

Pa sb hién nay chi thiét 1ap mo hinh uéc tinh
sinh khéi, rat it mo hinh carbon tich liiy trong
cay rirng. Carbon trong cac bo phan thyuc vat
dugc chuyén doi theo hé sb CF = 0.47 (IPCC,
2003, 2006), voéi Carbon = CF x Sinh khdi.
Nghién ctru nay da thiét 1ap hé théng mé hinh
wéc tinh dong thoi carbon tich liy ¢ bon bo
phan cay Boi 10i do va toan bo, didu nay da
giup cai thién dugc do tin cay trong udc tinh
carbon tich 1y trong cay rung ma khong phai
qua hé s chuyén ddi cua IPCC.

V.KET LUAN

Thiét 1ap hé théng mé hinh theo phuong phap
SUR dé wdc tinh dong thoi sinh khéi - carbon
cua cac bo phan cay va toan bo dat do tin cay
cao hon phuong phap truyén thong la thiét lap
mot cach doc lap cac mé hinh ting bd phan va
téng chung. Phuong phap SUR 1a mot trong
giai phap phét trién cac hé thong mé hinh wdc
lwong sinh khéi - carbon cay ring toan dién va
can dugc khuyén khich ap dung & Viét Nam.

Hé théng m6 hinh wdc tinh dong thoi sinh khoi
- carbon bén bo phan cay ring Boi 101 do va
téng chung duoc lya chon c6 dang tong quat
nhu sau:

AGB = Bst + Bba + Bbr + Ble = a; x (D*H)™
+a, X (DZH)b2+ a3XDb3 +ag X (DZH)b4

AGC = Cst + Cha + Cbr + Cle = a, x (D*H)*
+ aZ X (DZH)b2+ a3 x Db3 + a4 x (DZH)b4

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

267 - 281
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