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TOM TAT

Nghién ciru nay Kkét hop dir liéu khao sat thuc dia voi anh vé€ tinh Landsat 8 OLI, Sentinel-2 va ra-da
ALOS-2 PALSAR-2 nham déanh gia trit luong sinh khéi, cac-bon va kha nang hap thu CO, cua tham
thuc vat tai Khu Du trit Sinh quyén Thé gi6i Nui Chua. Cac tham sb tan xa nguoc va dac trung cAu
trac tir dit lidu ra-da cing v&i chi s6 NDVI tir anh quang hoc duoc sir dung dé xay dung mo hinh uéc
tinh sinh khoi riung. Hi€u qua cac mé hinh udce tinh sinh khéi rung st dung dir li€u anh v¢ tinh don
ngudn va da ngudn dugc danh gia thong qua cac chi tiéu sai s6 nhim so sanh va lya chon mé hinh tdi
ru. Két qua cho thiy, mé hinh tich hop dit liéu anh vé tinh ALOS-2 PALSAR-2 va Sentinel-2 dat d6
chinh xéc trén 83%, vuot trdi so véi md hinh don ngudn nho kha ning két hop thong tin phd va cau
trac dbi twong. Trén co s& d6, ban d6 phan bd trit lugng sinh khéi ciia khu vire nghién ctiru duoc thanh
1ap, voi tong trir lugng cac-bon rimg duoc wdc tinh khoang 1,36 triéu tan, twong dwong khoang 4,97
tridu tan CO, hap thu. Két qua cho thiy, tich hop dit liéu vién tham da ngudn gitip ning cao d6 chinh
xé4c ude tinh sinh khéi va trir luong cac-bon. Nghién ctru gop phan cung cép co sé khoa hoc phuc vu
quan 1y, bao ton tai nguyén rimg va hd tro cac muyc tidu giam phat thai khi nha kinh va huéng t6i trung

hoa cac-bon.

Tir khéa: Sinh khéi rieng, cac-bon rieng, anh vé tinh, sinh quyén, Net zero.

1. BAT VAN BE

Su gia tang phat thai khi nha kinh, dac biét la
CO, do cac hoat dong cong ngh1ep da tré thanh
nguyen nhan chu yéu gay su 4m lén toan cau.
Néng d6 CO, trong khi quyén di ting khoang
45% tir nam 1750 dén nam 2025, tir khoang 280
ppm 1én 429,35 ppm [1]. Mac du hon 50% lugng
CO: phat thai dugc hép thu béi cac chu trinh cac-
bon ty nhién, lvong khi ndy van tiép tuc gia ting
va gay tac dong tiéu cuc dén mai trudng [2, 3].

Hé¢ sinh thai rung dong vai trd quan trong
trong viéc hép thu va luu trir cac-bon, gop phan
diéu hoa khi hau va giam nhe bién d01 khi hau [4].
Mic di tbe d6 mat rimg rong toan cau giam manh
tir 10,7 triéu ha/nam (ndm 1990-2000) xuong 3,68
tri€u ha/ndm (nam 2000-2015) va da tang nhe tro
lai Ién 4,12 tri€u ha/nam trong giai doan 2015-
2025 [5]. Tuy nhién, nhiéu noi trén thé gi6i chat
lugng, dién tich rimg van bi suy giam.

Tai Viét Nam, tai nguyén rung cling da co
nhiéu bién dong. Dién tich rimg giam manh tir
khoang 14,42 triéu ha niam 1943 xudng con
khoang 8,97 triéu ha ndm 1990, vdi d¢ che phu
chi con khoang 27-28% [6]. Nho cac chuong
trinh phuc hdi rimg va chinh sach phat trién 1am
nghiép, dién tich rung da tang trd lai, dién tich
rung du tiéu chi tinh d§ che phu khoang 13,9
triéu ha vao nam 2025 voi d6 che phu khoang
42,03% [7]. Tuy nhién, sy gia tang nay chu yéu
dén tir ring trong, trong khi dién tich va chat
lwong rimg tu nhién van con nhiéu thach thic
trong cong tac quan 1y va bao ton.

Trong bdi canh d6, cong nghé vién tham va
hé thng thong tin dia 1y (GIS) da tré thanh cong
cu hi€u qua trong gidm sat tai nguyén rung, woc
tinh sinh khdi va danh gia trit lugng cac-bon trén
dién rong. Viéc tich hop dir li€u anh v¢ tinh da
ngudn voi cac phuong phap phan tich khong gian
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cho phép theo dbi bién dong rimg, hd tro quan 1y
tai nguyén va phuc vu cac co ché nhu chi tra dich
vu moi trudong rung [8-10].

Vuon Qubc gia (VQG) Nii Chaa, tinh Ninh
Thuan (nay la tinh Khanh Hoa) 1a khu vuc dai
dién cho h¢ sinh thai rung kho han dac trung cua
Viét Nam, v6i diéu kién khi hau khic nghiét va
hé sinh thai doc ddo. Nam 2021, khu vuyc nay da
dugc UNESCO coéng nhan la Khu Dy trit Sinh
quyén Thé giéi (KDTSQTG) Nui Chaa [11], da
khéng dinh gia tri ndi bat vé da dang sinh hoc va
sinh thai ctia noi day. Tuy nhién, tai KDTSQTG
Nui Chua, cac nghién ciru wdce tinh sinh khdi va
trit lugng cic-bon bang vién tham va GIS con
ving bong, dic biét chua cé tiép can tich hop dit
liéu da ngudn (quang hoc va ra-da). Didu nay lam
giam d6 chinh xé4c trong wdc tinh, nhét 1a & cac
khu vuc rimg ¢ cdu trac phirc tap. Do d6, muc
tiéu ciia nghién ctru nay 1a tiép can tich hop dir
liéu da ngudn anh vé tinh trong xay dung cac md
hinh wdc tinh sinh khéi rimg nham nang cao do
chinh xéc, hd trg chi tra dich vu mdi trudng rimg
va cung cip co so khoa hoc quan trong cho quan
1y, bao ton va phat trién bén viing hé sinh thai
rung

2. DAC BIEV KHU VUC NGHIEN CUU

KDTSQTG Nui Chua voi dién tich khoang
106,646 ha. Phan dién tich nghién ctru chu yéu
nam trong ranh giéi VQG Nui Chiia véi dién tich
khoang hon 25.000 ha, dy ciing 1a gidi han vé
mat khong gian dia ly cua nghién ctru nay [11].

Khu vuc VQG Nii Chuia ¢6 dia hinh cha yéu
la nui thép va do6i ven bién, véi dd cao dia hinh
dao dong tir myuc nudc bién dén khoang 1.040 m.
Khu vyuc cé khi hau khé han dac trung, nhiét do
trung binh ndm khodng 26-27°C va lugng mua
thdp, phan hoa rd gitta mua mua (thang 9-11) va
mua kho kéo dai. Luong mua trung binh ndm tai
VQG Nui Chuaa chi khoang 650 mm, thudc khu
vuc c6 lwong mua thip nhit ving Nam Trung B;
hé théng khe, subi ngin theo sudn déc va phan
16m bi khé can trong mua khoé [12].

H¢ sinh thai rimg kho han tai day dugc xem
12 hiém gép ¢ Dong Nam A ddng thoi duge
xem 1a mau chuan tiéu biéu vé hé sinh théi ring
kho han dédc trung cua Viét Nam va khu vyec.
Khu vyc nghién ctru c6 mic d¢ da dang sinh
hoc cao, v6i hon 1.500 loai thuc vat va khoang
760 loai dong vat da dugc ghi nhan. Tham thyc
vat gdbm nhiéu kiéu rimg phan bd theo do cao,
bao gom: Rung thudng xanh, rimg nira rung 14,
rung rung l1a va cac trang cay bui thich nghi vai
diéu kién khoé nong. Trong d6, rumng thudng
xanh chu yéu phan bd & dd cao trén 800 m,
trong khi rimg thtr sinh va trang ciy bui phd
bién & cac dai thap hon [11-14].

Vi diéu kién tu nhién va dic diém sinh thai
dac trung, tham thuc vat tai khu vuc nghién ctru
dugc dy bao co tiém ning dang ké trong luu trix
cac-bon va hép thu CO,, can dugc danh gia va
dinh luong bang cac phuong phwong phap nghién
cuu phu hop.

09'100°¢

o T

}
7
f

I gmu QUOC GIA'
) NUI CHOA

” TRUNG QUOC _f’\k
i [
HANGE b n o g
5 X ﬁ H}l
7 - 1
LAO § >
S 4 .
NG Y =
T\ 5,
W N 2.4
b & b G X
THAILAN ¢ ) QUAN BAO HOANG SA
! \
V- i
\_ CAMPUCHIA | ‘S
R\ == BIEN DONG
L3 1 ~ S
':5\\ -l o of Yo 5
PHU dUGT ';“
THO CHU. e SRR
CONBAO o5 , ' .S
GQUAN PAC TRUONG SA |
\ o 128 250 500 --_/
N ———
N Kilom eters .<.f'

A4

’& t
POZLN
\‘Q;_)
/N EAST
g

N B

Hinh 1. Vi tri khu vuc nghién ciru VQG Nui Chua
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3. PHUONG PHAP VA DU LIEU
3.1. Dir liéu khao sat thue dia

Nghién ctu st dung dir li¢u thyc dia thu
thap tai 64 6 tiéu chuan (OTC) vao thang 5 nim
2018. Cic OTC duoc phan bd tuong dbi déu
theo timg trang thai rimg, gdm: Ring gidu (10
OTC), rung trung binh (14 OTC), rung ngheo
(15 OTC), rung nghéo kiét (17 OTC) va cay bui
(8 OTC). Dién tich OTC gom: 500 m2 100 m?
d6i v6i rimg nghéo, nghéo kiét va ciy bui va
1.000 m? ddi véi rung ty nhién. Dién tich va vi
tri phan bd cac OTC dugc thiét ké va Iya chon
pht hop véi ddc diém hién trang rimg, dong thoi
bao dam sd lugng méau va tinh twong thich véi
dit liéu anh vién tham. Thiét ké va phuong phép
diéu tra OTC tham khao theo Tong cuc Lam
nghi¢p (2013) [15].

Tai mdi OTC, cac cay gS duoc xac dinh tén
loai, do duong kinh than tai vi tri 1,3 m (D 3,) va
chiéu cao vat ngon (H,,). Trong téng sé 64 OTC,
48 OTC (75%) duoc lya chon ngdu nhién dé xay
dung m6 hinh va 16 OTC (25%) dugc st dung aé
kiém dinh. T dir liéu thyc dia (OTC), cac chi
tiéu cdu tric 1d4m phan dugc tinh toan, gom:
Buong kinh trung binh (D13w), chiéu cao trung
binh (Hune), tiét dién ngang (G), mat do cay (N)
va sinh khi trén mat dét (SK).

Sinh khdi trén mat dat (SK) cia timg cay
dugc udc tinh theo phuong trinh dugc phat
trién boi UN-REDD (2012) [16]. Phuong trinh
(1) c6 dang sau:

SK (tan) = exp(-2.24267+2.47464xIn(D) (1)

~ Trong do: SK la sinh khéi rimg trén mat

dat; D 1a duong kinh ngang nguc cua cay do
tai cao d6 1,3 m (Dy3m).

Luqng cac-bon tich trir bdi thue vat duoc
chuyén doi tir sinh khoi theo phuong trinh (2)
va (3) duoc dua ra boi IPCC (2006) [17]:

CBS=a* SK 2)
CO,=3,67CBS 3)

Trong d6: CBS la lugng cac-bon tich trir
(tin/ha); a 1a hé sé chuyén d6i duoc 1iy chung
1a 0,5, theo IPCC (2006) [17].

3.2. Dir liéu anh vé tinh

Trong nghién ctru nay, dit liéu v¢ tinh ALOS-
2 PALSAR-2, Landsat 8 OLI va Sentinel-2B da
duogc khai thac dé phuc vu phan tich va xay dung
md hinh. Cac thong sd k¥ thuat co ban va dic
diém cua timg loai dit liéu anh vé tinh da sir dung
dugc téng hop trong bang 1. Mot sé hinh anh vé
anh vé tinh st dung trong nghién ctru dugc thé
hién tai hinh 2.

Béang 1. Danh sach dnh vé tinh ALOS-2 PALSAR-2, Sentinel-2B va Landsat 8 OLI

(a)
Hinh 2. Dir liéu anh v¢ tinh: (a) Landsat 8 OLI; (b) Sentinel-2B; (c) ALOS-2 PALSAR-2

A Thoi gian La Phén cuc, | D§ phan giai
TT V¢ tinh chup So hiéu canh anh (ID) kénh pho khong gian
ALOS-2 1432018 | ALOS2151563380-18031
U'| pALSAR2 [16:01-2018 | ALOS2197180220-180116 | ‘b HVY 10m
. 08-5-2018 | S2B tile 20180508 49PBP 0
2 | Sentinel2B =00 018 | S2B tile 20180508 49PBN 0| v B% 10m
3 | Landsat8 OLI | 02-4-2018 | LC081230522018042101T1 | B4,BS5,BS8 | 30m, 15 m
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3.3. Phwong phap xit ly dit li€u anh vé tinh

Dir liéu anh ALOS-2 PALSAR-2, Sentinel-
2B va Landsat 8 OLI dugc tién xir 1y trude khi
trich xuét cac bién dau vao phuc vu xdy dyng mo
hinh. Quy trinh tién xir 1y bao gém: Hiéu chinh
btrc xa, hi€u chinh hinh hoc, tang cuong chét
luong anh va cat anh theo pham vi nghién ciru.

Gia tri DN ctia ALOS-2 PALSAR-2 duoc
chuyén d6i sang hé sd tan xa nguoc
(Backscattering coefficient) theo cong thuc (4)
cua JAXA (2014) [18]:

6° (dB)=10x logyo (DN*)+CF  (4)

Trong d6: ¢° 1a gia tri tan xa ngugc; DN 1a
gia tri diém anh va CF 1a hé s6 chuyén dbi duoc
tinh theo JAXA (2014) (= - 83,0) [18]. Péng
thoi, 8 tham sé két cdu (Contrast, Correlation,
Dissimilarity, Entropy, Homogeneity, Mean,
Second Moment, Variance) cling dugc trich xuét
tr dit liéu vé tinh ALOS-2 PALSAR-2 theo
phuong phap cta Haralick va cs (1973) [19].

Chi s6 NDVI dugc tinh tir anh vé tinh quang
hoc theo Rouse va cs (1974) [20] cho Landsat 8
OLI va Sentinel-2B theo cong thuc (5):

NDVI ="~ %2 (5)
NIR+RED

_ Trong d6: NIR va RED lan lugt I3 kénh can
hong ngoai va kénh do.

Sau tién xir ly, cac bién HH, HV, tham sb két
cdu va NDVI dugc trich xuét tai vi tri cac OTC
dé xay dyng va kiém dinh mé hinh. Qua trinh xur
ly dugce thuc hién bfmg ENVI/SARscape, ArcGIS
va cac phin mém nay c¢6 ban quyén do Trung tim
Vi tru Viét Nam, Vién Han lam Khoa hoc va
Cong nghé Viét Nam trang bi.

3.4. Phan 16p sinh khdi rirng

Trong nghién ciru nay, sinh khéi rimg dugce
phan thanh 3 cap dua trén trit lugng sinh khoi

(tan/ha) bao gom (i) cap trit lwong 1 (>200
tan/ha) (ii) cap trir luong 2 (101-200 tan/ha) va
(iii) cap trir lugng 3 (0-100 tan/ha), theo Nguyén
Viét Luong va cs (2024) [8]; Nguyen Viet Luong
va cs (2016) [10].

3.5. Xay dung mé hinh wéc tinh sinh khéi

Sinh khoi rung (SK) duoc udc tinh thong qua
cac mo hinh hoi quy, trong do cac bién doc lap la
cac tham s6 trich xuat tir dit liéu vé tinh va bién
phu thudc 13 sinh khéi do ‘ngoai thyc dia. Nghién
clru ap dung hoi quy tuyen tinh don bién va hoi
quy tuyén tinh da bién dé xay dung mé hinh.

Hiéu qua m6 hinh dugc danh gia thong qua
hé sb xac dinh (R?) va sai sb tuyét dbi cia mo
hinh duwgc xac dinh theo phuwong phap binh
phwong nho nhét (RMSE), dugc xay dung va xéc
dinh théng qua phan mém R, va dugc tinh theo
cac cong thuc (6), (7) sau:

Téng binh phwong sai s6
R?=1- 2 P (6)
Téng binh phwong
[ A e 222
RMSE = \gi ¥7-1(Gid tri tién lwong — Gid tri quan sat)> (7)

Trong do: Gia tri tién luong 1a gid tri udce tinh
tir mo hinh; Gia tri quan sat duogc la gia tri quan
sat thu duoc tir dit lidu kiém ké, va n 13 sé luong
mau duogc sir dung trong phan tich mé hinh.

4, KET QUA VA THAO LUAN

Cac bién ddu vao cia mo hinh duoc trich
xuét tir dit liéu vé tinh tai vi tri cac OTC khao sat
thuc dia. Cu thé, bao gém chi s6 NDVI tir anh vé
tinh quang hoc Landsat 8 OLI (NDVI LS8) va
Sentinel-2 (NDVI_S2), cing véi hé sd tan xa
ngugc va cac tham 36 két cdu thu duoc tir dix liéu
anh vé tinh ALOS-2 PALSAR-2.

4.1. Két qua xay dyng md hinh don bién tir
dir liéu dnh vé tinh

Bang 2. Két qua md hinh don bién tinh toan sinh khdi rirng khu vire nghién ctru

A 1n A J A1 £ 2 RMSE
M0 hinh Bién so sur dung Keét qua mo hinh don bién (R (tén/ha)
MO hinh 1 HH véi SK SK =318.265 + 23.244*HH 0,58 31,24
A . SK = 88.627 +387.293*HH +
MO hinh 2 HH véi SK 112.269* LI 0,62 28,26
MO0 hinh 3 HV véi SK SK =459.009 + 25.917*HV 0,61 29,00
A . SK = 88.627 +398.799*HV +
MO0 hinh 4 HV véi SK 174001 *HV? 0,73 20,08
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A1 NSO K A £ 2 RMSE
M0 hinh Bién s0 sur dung Keét qua mo hinh don bién (R (tn/ha)
MO hinh 5 NDVI LS8 véi SK SK =-157.74 + 357.16*NDVI_S8 0,45 40,90
= *
Mohinh6 | NDVI LSgvsisk | SKT88:627+ 343.668"NDVL LS8+ oy | 5¢ 97

220.812*(NDVI LS8)*

M0 hinh 7 NDVI S2 véi SK SK =-128.2 +312.35*NDVI S2 0,45 40,90

M0 hinh 8 NDVI_S2 véi SK

SK = 88.627 + 342.658*NDVI_S2 +
195.976*(NDVI S2)

0,60 29,75

Téng cong c6 8 md hinh don bién da duoc
xdy dung cho tinh toan sinh khéi ring trong dé
¢6 2/8 md hinh c6 hé s6 R? <0,50, 1/8 md hinh c6
hé sé R*>0,50, 4/8 md hinh c6 hé s R* >0,60 va
01 mo hinh c¢6 hé sb tét nhat véi R*>>0,70 (Mb

hinh 4). Két qua xay dung cac mo hinh don bién
trong udc tinh sinh khoi rung tai khu vye nghién
ctru duoc tong hop va trinh bay tai bang 2.

4.2. Két qua xdy dung md hinh da bién va

két hop tir dir liéu anh vé tinh

Bing 3. Két qua xiy dung mé hinh da bién va két hop tinh sinh khdi rirng khu vue nghién ciru

o o > - | RMSE
M6 hinh Bién s0 sur dung Két qua md hinh da bién R (tin/ha)
Mo hinh 9 (Hﬁ;%\g 2 SK = 412.384 + 26.789*(HH+HV)/2 0,65 | 26,03
N (HH+HV)/2 SK = 88.63 + 410.65*(HH-+HV)/2 +
Mo hinh 10 v6i SK 156.62*[(HH+HV)/2] 0.74 1 19,34
*
Mo hinh 11 | (HIHH/HV) + SK = 378.841 + 13.643* (HV-+HH*HH/HV) 0,62 | 2826
HV véi SK
. (HEFHH/HV) + SK = 88.627 + 400.812* (HV+HH*HE/AV) +
Mo hinh 12y Usi SK 147 954*(HV+HH*HH/HV: 0.7 1 2231
Mo hinh 13 | _HH, HV va SK SK = 426.838 + 10.863*HH + 16.156*HV. 0.65 | 26,03

SK =7373.59 + 15.287*Contrast +
62.273*Correlation - 145.201*Dissimilarity -
Mo hinh 14 | 8 textures vdi SK 1961.424*Entropy - 139.973*Homogeneity + 0,46 | 40,16
4.946*Mean - 25610.426*SecondMoment +

6.099*Variance

8 textures, HH

SK =4242.589 + 22.902*HH + 4.321* Contrast +
73.088* Correlation - 37.366* Dissimilarity -

M0 hinh 15 v6i SK 945.91* Entropy - 83.769*Homogeneity - 0,70 | 22,31
7.283*Mean - 13276.363*SecondMoment - 2.537*
Variance
SK =3162.330 + 31.905*HV - 1.866*Contrast +
8 textures. HV 7.578*Correlation + 14.66*Dissimilarity -
Mo hinh 16 v6i SI& 585.92*Entropy + 228.942*Homogeneity - 0,82 | 13,39
14.645*Mean - 7447.101*SecondMoment +
5.329*Variance
SK =5824.223 + 323.356*NDVI_LS8 +
8 texture, 12.495*Contrast - 11.687*Correlation -
M0 hinh 17 NDVI_ LS8 189.546*Dissimilarity - 1436.613*Entropy - 0,71 | 21,57
véi SK 347.56*Homogeneity - 5.022*Mean -
19608.874*SeconMoment + 12.445*Variance
SK =4062.470 + 16.125*HH + 230.967*NDVI_LS8
8 texture, HH, +5.572*Contrast + 17.059*Correlation -
M0 hinh 18 NDVI LS8 100.953*Dissimilarity - 871.571*Entropy - 0,80 | 14,87
véi SK 248.677*Homogeneity - 10.784*Mean -

12639.616*SeconMoment + 4.551*Variance
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M0 hinh Bién s6 st dung Két qua mo hinh da bién (R (1;1:1455)
SK =3403 +26.9*HV + 87.74*NDVI_LS8 +
8 texture, HV, 0.06754*Contrast - 3.907*Correlation -
M0 hinh 19 NDVI LS8 22 .46*Dissimilarity - 659.4*Entropy + 0,83 | 12,64
véi SK 114.7*Homogeneity -14.28*Mean -
8669*SecondMoment + 7.172*Variance
M0 hinh 20 HH, \I:gi)\S/II{LS%S SK =136.012 + 16.985*HH + 174.584*NDVI LS8 | 0,64 | 26,77
M0 hinh 21 HY, \I:gi)\S/II{LS8 SK =365.345 +22.57*HV + 66.449*NDVI_LS8 0,62 | 28,26
SK =5816.282 +278.77*NDVI_S2 +
8 texture 11.373*Contrast + 21.289*Correlation -
M0 hinh 22 NDVI S2 V(';i SK 155.218*Dissimilarity - 1451.794*Entropy - 0,71 | 21,57
- 239.798*Homogeneity - 5.178*Mean -
19709.353*SeconMoment + 9.311*Variance
SK =3927.672 + 16.76*HH + 206.698*NDVI_S2 +
8 textures, HH, 4.36*Contrast + 39.799*Correlation -
M0 hinh 23 NDVI_S2 73.716*Dissimilarity - 840.411*Entropy - 0,81 | 14,13
véi SK 172.86*Homogeneity - 11.509*Mean -
12209.072*SeconMoment + 2.161*Variance
SK =3412 +26.25*HV + 89.05*NDVI_S2 -
8 textures, HV, 0.07495*Contrast + 4.185*Correlation -
M0 hinh 24 NDVI S2 16.89*Dissimilarity - 667*Entropy + 0,83 | 12,64
voi SK 131.6*Homogeneity - 14.4*Mean -
8783*SeconMoment + 6.491*Variance
M6 hinh 25 HH%?;’I;— 82| SK=148.011 + 17.039%HH + 156.945*NDVI S2 | 0,65 | 26,03
Mohinh26 | 1V NV 52 SK =359.309 +22.17*HV + 66.476*NDVI_S2 | 0,62 | 28.26

Téng cong c6 18 md hinh da bién va két hop
da duoc xay dung trong d6 hau hét cac hé sb
tuong quan R? déu >0,60. Trong d6, c6 7 md hinh
¢6 R ndm trong khoang ttr 0,60-<0,70, c6 5 mo
hinh ¢6 R? nim trong khoang tir 0,70-<0,80. An
tuong 1a c6 5 md hinh co hé sd twong quan
R*>0,80, gdbm c6 Mo hinh 16 (R™=0,82;
RMSE=13,39 tin/ha); M6 hinh 18 (R’=0,80;
RMSE=14,87 tdn/ha); M6 hinh 19 (R?=0,83;
RMSE=12,64 tin/ha); M6 hinh 23 (R’=081;
RMSE=14,13 tdn/ha) va M6 hinh 24 (R*=0,83;
RMSE=12,64 tin/ha). Két qua xay dung cac mo
hinh da bién va két hop trong wdc tinh sinh khéi
rimg tai khu vuc nghién ctru duge tong hop va
trinh bay trong bang 3.

4.3. Két qua kiém dinh md hinh wéc tinh
sinh khéi tir dir li¢u anh vé tinh

Nghién ctru da chon nhitng moé hinh co
R?>0,80 dé tién hanh viéc kiém dinh, gdm md
hinh 16, 18, 19, 23 va 24 (bang 4), nham lya cho
md hinh c6 két qua R? cao nhit va RMSE thap
nhat. Két qua kiém dinh cho thiy cac mé hinh
duoc lya chon déu dat do chinh xac tuwong dbi
cao, v6i R? dao dong tir 0,82 dén 0,83 va RMSE
tir 12,13 tan/ha dén 11,46 tan/ha (hinh 3). Trong
d6, mo hinh 24 cho két qua t6t nhat voi R=0,83
va RMSE = 11,46 tan/ha, cho théy kha nang du
bao sinh khéi dang tin cdy hon so véi cac mod
hinh con lai (hinh 3).

Bing 4. Két qua kiém dinh tir mé hinh wérc tinh sinh khéi khu vue nghién ciru

Sinh khdi trén mat dat
TT Po dém ngoai Tinh tu Tinhtu Tinh tir Tinh tu Tinh tu
thuc dia mo hinh 16 mo hinh 18 md hinh 19 mo hinh 23 md hinh 24
1 12,68 43,28 33,21 67,18 44,50 18,98
2 6,10 34,30 18,33 24,11 10,69 20,88
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Sinh khoi trén mat dat
TT Do dém ngoai Tinh tu Tinhtu Tinh tu Tinh tu Tinh tu
thuc dia mo hinh 16 mo hinh 18 mo hinh 19 mo hinh 23 mo hinh 24
3 165,55 199,81 187,00 202,87 183,76 202,59
4 226,74 224,45 219,37 220,03 219,87 219,43
5 17,37 55,61 47,16 49,99 45,94 49,53
6 66,87 84,29 117,04 93,09 72,62 97,34
7 129,30 120,11 92,54 116,84 94,55 118,64
8 68,43 72,01 78,43 64,96 48,73 53,89
9 96,13 108,93 105,47 106,23 107,94 107,22
10 35,15 9,36 34,70 16,15 28,91 15,90
11 40,89 71,59 79,45 79,62 73,57 78,97
12 26,68 85,09 29,20 96,90 64,88 93,25
13 72,75 79,18 133,52 86,82 131,11 86,52
14 150,06 153,03 121,78 161,46 114,49 160,39
15 41,53 99,07 87,74 92,05 93,80 94,16
16 200,19 158,77 165,93 158,18 176,26 162,58

Két qua kiém dinh (hinh 3) cho thdy rang Mo
hinh 16 (R>=0,82; RMSE=12,13 tan/ha); M6 hinh
18 (R*=0,82; RMSE=12,13 tin/ha); M hinh 19

(R>=0,82; RMSE=12,13 tin/ha); Mo hinh 23
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(R’=0,82; RMSE=12,13 tin/ha) va M6 hinh 24
(R*=0,83; RMSE=11,46 tin/ha).

Céc két qua kiém dinh duoc mo ta tai hinh 3.

Hinh 3. M hinh kiém dinh VQG Nui Chua (ti 1¢ 1:1): (a) mé hinh 16; (b) mé hinh 18; (c) md
hinh 19; (d) m6 hinh 23; (¢) mo6 hinh 24
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Két qua cho théy, cac md hinh c¢6 d6 chinh
xac tuong ddi tuong dong (Hinh 3), phan anh kha
nang giai thich t6t clia cac bién dau vao 601 voi
sinh khéi rung. Viéc lya chon mo6 hinh tdi wu
duoc dua trén déng tho1i cac chi tiéu R? va RMSE
cua ca tap xay dung va kiém dinh; mé hinh c6 R?
cao nhit va RMSE nho nhit dugc uu tién lua
chon. Do d6, m6 hinh 24 duoc xac dinh la mo
hinh t6i wu dé wdc tinh sinh khdi ring cho khu
vuc nghién ctru.

Dang phuong trinh cia md hinh dugc trinh
bay nhu sau:

Sinh khéi (tdn/ha) = 3412 + 26.25*HV +
89.05*NDVI_S2 - 0.07495*Contrast + 4.185*Correlation
-16.89*Dissimilarity - 667*Entropy + 131.6*Homogeneity
- 144*Mean - 8783*SeconMoment + 6.491*Variance.

Trong d6: HV la gia tri tdn xa ngugc tir phan
cuc HV; NDVI_S2 la gié tri chi s6 thuc vat chuén
hoa tinh tir anh Sentinel-2; Contrast, Correlation,
Dissimilarity, Entropy, Homogeneity, Mean,
SeconMoment va Variance 1a gid tri vé céu triic
tr anh vé tinh ALOS-2.

Két qua cho thdy, viéc két hop cac thong sb
tan xa ngugc HV va déc trung textures tir ALOS-
2 voi NDVI tir anh Sentinel-2 cho phép mé hinh
khai thac dong thoi thong tin vé ciu truc va dic
tinh bé mat cia tham thuc vat, qua d6 nang cao
hiéu qua wdc tinh sinh khéi rimg. Két qua nay
pht hop vé6i két qua nghién ctru cua Nguyén Viét
Luong va cs (2024) [8], Vaglio Laurin va cs
(2016) [21], khi ket hop di liéu ALOS-2 va
NDVI cho két qua tot hon so véi sir dung dit liéu
don ngudn. Bén canh d0, két qua nghién ctru cua
Golshani va cs (2019) [22], Luong va cs (2019)
[9], Nguyén Viét Luong va cs (2024) [8] cho
thay, phan cuc HV c6 hiéu qua trong udc tinh
sinh khéi, dic biét ddi v6i cac khu rimg cd cau
trac ram. Nhing két qua nay cing cd vai tro bd
sung 1an nhau cua dit liéu SAR va quang hoc, qua

d6 khang dinh hiéu qua cta cach tiép cén tich hop
da ngudn dit liéu trong udc tinh sinh khi rimg.
4.4. Két qua thanh 1ap ban do sinh khéi rirng
Dua trén md hinh wdc tinh sinh khdi d3 duoc
lwa chon, ban d6 sinh khéi rimg cho khu vuc
nghién ctru dugc xay dung ¢ ty 1¢ 1:50.000 véi do
phan giai khong gian 10 m. Str dung s6 liéu trang
thai tir thyc dia (32 diém) dé danh gia do chinh
xac ban d6 di dugc xay dung, két qua cho thay
sai s6 1a 16,71% tirc 1a @6 chinh x4c cla ban do
da dugc thanh lap dat 83,29%. Két qua ban do va
thong ké sinh khdi rimg duoc trinh bay tai hinh 4
va bang 5.
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Hinh 4. Ban dd sinh khéi rirng VQG Nui Chiia

Két qua phan tich tir ban d6 sinh khéi rimg
cho thdy, téng dién tich khu vuc nghién ciru 1a
25.209,22 ha. Trong d6, rimg trung binh chiém
dién tich 16n nhét v6i 13.283,70 ha (52,69%), tiép
dén 1a rimg nghéo véi 10.298,59 ha (40,85%),
rung giau dat 1.029,68 ha (4,08%) va cac doi
tugng khac chiém 597,25 ha (2,37%). Két qua
duoc trinh bay trong bang 5.
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Bang 5. Phéan bd dién tich theo cac cip sinh khdi rirng tai khu vire nghién ciru

] Tiéu chuén trit lugng sinh Dién tich
TT Lép Loy X

khoi rung (tan/ha) (ha) (%)

1 Cép trir luong 1 > 200 1.029,68 | 4,08
2 Cép trir lugng 2 101-200 13.283,70 | 52,69
3 Cép trir lugng 3 0-100 10.298,59 | 40,85
4 Déi twong khong phai 1a rimg Khoéng ¢o ring 597,25 2,37
Tong 2520922 | 100
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Két qua nghién ctru cho théy, tham thuc vat
ring tai VQG Nui Chua c6 kha nang tich trir
khoang 1,35 tri¢u tan céc- -bon, tuong duong 4,97
triéu tin CO,. Trung binh, modi hecta ring c6 the
hap thy khoang 202,20 tin CO,. Gia tri nay nam
trong khoang dwoc ghi nhan dbi véi cac hé sinh
thai rimg nhiét doi cia IPCC (2006) [17] va FAO
(2025) [5], cho thiy tiém nang tich trit cic-bon
dang ké boi rimg ciia khu vuc nghién ctru, gop

phan vao diéu hoa khi hau ~va giam phat thai khi
nha kinh, ddng thoi cung cip co s khoa hoc cho
viéc danh gi4 vai trd ctia hé sinh thai rung trong
thuc hién cac muc tiéu phat thai rong bang “0”
(Net Zero).

Két qua thong ké trit luong cac-bon va kha
ning CO, hap thu tai khu vuc nghién ciru VQG
N@i Chaa dugce thé hién tai bang 6.

Bang 6. Trir lwvong cic-bon va CO2 dwoc hip thu tai khu vire nghién ciru

TT Cép trit lugng Tong dién tich | Tong sinh Cac-bon CO, hap
(Tiéu chuan, tin/ha) (ha) khoi (tan) | tich luy (tin) | thu (tén)
Cép trir luong 1
1 . 1.029,68 205.936,00 | 102.968,00 | 377.892,56
(> 200 tan/ha)
2 |Cép trit lwong 2 (100-200 tin/ha)|  13.283,70 | 1.992.555,00| 996.277,50 |3.656.338,43
Cép trit lugng 3 (0-100 tin/ha) | 10.298,59 | 514.929,50 | 257.464,75 | 944.895,63
4 | Pbi twong khong phai 13 rimg 597,25 0 0 0
Tong 25.209,22 1.356.710,25 | 4.979.126,61

5. KET LUAN

Viéc tich hop dit liéu tr anh vé€ tinh ra-da
ALOS-2 PALSAR-2 (HV, textures) va anh vé
tinh quang hoc Sentinel-2 (NDVI) da nang cao do
chinh xac trong udc tinh sinh khéi rimg hon khi
so sanh voi mo hinh st dung dit li€u tr mot loai
vé tinh. Trong cdc md hinh da x4y, mo hinh 24
cho két qua tot nhit (R2=0,83; RMSE=14,64
tan/ha), thé hién tiém nang cua viéc tich hop dir
liéu anh v¢ tinh ra-da va quang hoc trong udc tinh
sinh khdi tir tai khu vuc nghién ctu.

Ban d6 sinh khdi rimg duoc xay dung véi do
phan giai 10 m, dat d¢ chinh xac 83,29%, cho
phép thé hién rd sy phan bd khong gian cua ba
cap sinh khéi rimg chinh (>200 tan/ha, 100-200
tan/ha va 0-100 tan/ha), cung cdp co so dit lidu
phuc vu giam sat, danh gia hién trang va quan ly
tai nguyén rung khu vyce nghién ctru.

Két qua udc tinh cho théy, tham thuc vat
rung tai khu vuc nghién ctu c6 kha nang luu trtv
khoang 1,35 triéu tan cdc-bon, twong duong 4,97
triéu tan CO-, cho théy vai tro dang ké cua hé
sinh thai rung trong luu trir cac-bon, gidm phat
thai khi nha kinh va gop phan vao viéc thuc hién
muc tiéu phat thai rong bang “0” (Net Zero) ciia
Viét Nam.

Tuy nhién, nghién ctru van con han ché vé s6
luwgng dit li€u thuc dia va d6 phan giai cia di liu
anh vé tinh. Trong twong lai, viéc tang cudng quy
mo dir li€u thyc dia, tich hgp anh v¢ tinh véi do
phan gidi cao va ap dung cac phuong phap hoc
may co thé cai thién do chinh x4c md hinh va
nang cao kha nang tng dung trong giam sat sinh
khéi, cac-bon rimng.

LOI CAM ON

Cdc tac gia tran trong cam on Quy Poi méi
Sang tao Vingroup (VINIF) dd hé tro kinh phi
cho nghién ciu nay théng qua diw dn md sé
VINIF. 2025.DA107. Cam on JAXA di cung cdp
dit ligu ALOS-2 thong qua “IP No. ER44A2N116”
va USGS, ESA dd cung cdp dir liéu Landsat 8
OLI va Sentinel-2 sir dung trong nghién ciru.
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parameters to biomass and structure of temperate

ASSESSMENT OF FOREST CARBON STOCK USING MULTI-SOURCE REMOTE

SENSING DATA: A CASE STUDY IN THE NUI CHUA WORLD BIOSPHERE RESERVE

Nguyen Viet Luong1
! Center for Remote Sensing and Geospatial Technology, Vietnam National Space Center,

Vietnam Academy of Science and Technology
Abstract

This study integrates field survey data with satellite imagery, including Landsat 8 OLI, Sentinel-2 and
ALOS-2 PALSAR-2 radar data, to assess forest biomass, carbon stocks and CO: sequestration in the
Nui Chua World Biosphere Reserve. Radar backscatter coefficients and texture parameters, together
with NDVI derived from optical imagery, were used to develop a forest biomass estimation model.
The performance of forest biomass estimation models based on single-source and multi-source satellite
imagery was evaluated using error metrics to compare model performance and identify the optimal
approach. The results indicate that the integrated model combining satellite data from ALOS-2
PALSAR-2 and Sentinel-2 achieved an accuracy exceeding 83%, outperforming single-source models
due to its ability to integrate spectral and structural information. Based on this model, a biomass stock
distribution map of the study area was developed, with the total forest carbon stock estimated at
approximately 1.36 million tons, equivalent to about 4.97 million tons of absorbed CO:. The results
demonstrate that integrating multi-source remote sensing data enhances the accuracy of biomass and
carbon stock estimation. This study provides a scientific basis for forest resource management and
conservation, while supporting greenhouse gas emission reduction targets and progress toward carbon
neutrality.

Keywords: Forest biomass, forest carbon, satellite images, biosphere, Net zero.
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