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SU DUNG DU LIEU KET HOP SENTINEL-1 VA SENTINEL-2
TAI MIEN BAC VIET NAM

Nguyén Vin Thi', Nguyén Hai Hoa?", Lé S§ Doanh?

!Céng ty C6 phan Thwong mai Cong nghé Xudn Mai Green
’Trwong Pai hoc Lam nghiép
TOM TAT

Rimg ngap min 14 h¢ sinh thai ven bién ¢ vai tro quan trong trong bao vé bd bién, duy tri da dang sinh hoc va tich liiy carbon.
Sinh khéi trén mat dét 1a chi tiéu co ban dé danh gia trit luong carbon rimg, tuy nhién viéc diéu tra sinh khéi bang phuong
phap thyc dia thuong tén nhiéu thoi gian, chi phi va kho mé rong trén pham vi khong gian 16n. Nghién ctru nay hudng toi
xay dung va so sanh cac mo hinh udc tinh sinh khéi trén mit dét ring ngdp man tai mién Bic Viét Nam dya trén ba chi sd
vién tham gdm chi sé thuc vat Radar RVI (Radar Vegetation Index), cic kénh hdéng ngoai song ngan SWIRS (Short-Wave
Infrared) va chi s6 thuc vat két hgp quang hoc va Radar CORVI (Combined Optical and Radar Vegetation Index). Trong do,
RVI dugc tinh tir hai phan cuc VH va VV cua Sentinel-1; SWIRS duogc xac dinh tir téng phan xa hai kénh héng ngoai song
ngén B11 va B12 cua Sentinel-2; CORVI 1a chi s6 két hop gitra RVI va SWIRS theo cong thire CORVI = RVI(! - SWIRS) v i
mdi bién doc lap, bon dang ham duoc kiém dinh gf”)m myén tinh, 1ty thura, logarit va ham mii. Cac mo hinh dugc xay dung
dua trén 322 6 miu v6i pham vi AGB quan sat tir 15,4 - 282,8 Mg/ha va danh gia bang hé s xac dinh R, sai s cin phuong
trung binh RMSE va sai léch h¢ thong Bias. Két qua nghién ctru cho thdy mo hinh hdi quy Iy thira sir dung chi s6 CORVI
12 m6 hinh pht hop nhét dé udce tinh AGB rimg ngap min, véi d6 chinh xac kiém dinh cao nhat (R*= 0,606 + 0,065), sai s6
RMSE kiém dinh thip nhat (27,926 + 1,299 Mg/ha) va Bias kiém dinh 14 -3,277 + 5,951 Mg/ha; do d6, mé hinh nay duoc
Kkhuyén nghi sir dung dé 1ap ban d6 phan b sinh khéi trén mat dat rimg ngap mén tai khu vire nghién ciu.

Tir khéa: Chi s vién tham, két hop quang hoc va radar, mo hinh sinh khéi, rirng ngdp mén, ude tinh sinh Kkhéi.
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ABSTRACT

Mangrove forests are coastal ecosystems that play an important role in shoreline protection, biodiversity conservation, and
carbon accumulation. Above-ground biomass (AGB) is a fundamental indicator for assessing forest carbon stocks; however,
field-based biomass surveys are often time-consuming, costly, and difficult to scale up over large spatial extents. This study
aims to develop and compare models for estimating mangrove AGB in Northern Vietnam based on three remote sensing
indices, namely RVI (Radar Vegetation Index), SWIRS (Short-Wave Infrared), and CORVI (Combined Optical and Radar
Vegetation Index). Specifically, RVI is derived from the VH and VV polarizations of Sentinel-1; SWIRS is calculated as
the sum of the shortwave infrared bands B11 and B12 of Sentinel-2; and CORVI is a combined index integrating RVI and
SWIRS, defined as CORVI = RVI! -SWIRS) For cach independent variable, four functional forms are tested, including linear,
power, logarithmic, and exponential models. The models were developed based on 322 sample plots, with observed AGB
ranging from 15.4 to 282.8 Mg/ha, and were evaluated using the coefficient of determination R?, root mean square error
(RMSE), and bias. The results showed that the power regression model using the CORVI index was the most suitable model
for estimating mangrove AGB, achieving the highest validation accuracy (R?= 0,606 = 0,065), the lowest validation RMSE
(27,926 + 1,299 Mg/ha), and a validation Bias of -3,277 + 5,951 Mg/ha; therefore, this model is recommended for mapping
the spatial distribution of mangrove above-ground biomass in the study area.

Keywords: Biomass estimation, biomass model, combined optical and radar, remote sensing indices, mangroves.
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I. PAT VAN PE

Rung ngap man 13 hé sinh thai chuyén tiép dic thu
gitra dét lién va bién, phan bd chu yéu & cac ving
ven bién nhiét doi va can nhiét doi, noi chiu anh
huong déng thoi cia thuy tridu, o man, trAm tich
va cac qua trinh dong luc ven bo. HE sinh thai nay
¢6 vai trd quan trong trong bao vé bd bién, giam
tac dong cua song va bao, han ché x6i 16, duy tri
da dang sinh hoc va hd trg sinh ké cho cOng déng
ven bién (Alongi, 2002; Duke et al., 2007; Giri et
al., 2011). O Viét Nam, rimg ngdp min phan bd
doc theo céc tinh, thanh ven bién tir Quang Ninh
dén Kién Giang, trong d6 khu vyc phia Bic c6 dic
diém ndi bat 1a rimg phan bd tai cac bai boi, cira
song, dam tridu va ving ven bién chiu anh hudng
manh cta ché do thay van - tram tich (Nguyén Vin
Huy et al., 2020).

Trong bdi canh bién dbi khi hau, rimg ngap min
duoc quan tam dac biét do kha nang tich liy va
Itru gitr carbon cao trong sinh khéi thuc vat va tram
tich, d@)ng thoi 1a hé sinh thai nhay cam voi nudc
bién dang, thay ddi thiy van va cac tac dong khi
hau ven bién (Feller et al., 2017). Nhiéu nghién
clru da chi ra rdng, rimg ngdp min 1a mot trong
nhitng hé sinh thai rimg giau carbon ¢ vung nhiét
d6i, c6 vai trd quan trong trong cin bang carbon
va giam nhe phat thai khi nha kinh (Donato ef al.,
2011; Alongi, 2014; Rovai ef al., 2018). Sinh khéi
trén mit dat (AGB) 1a mot thanh phan quan trong
trong tong trir lwgng sinh khéi rimg, phan anh trang
thai sinh truéng, cAu tric tan, mat do cdy va muc
d6 phat trién ctia quan x3 rumg. Vi vdy, udc tinh
chinh xac AGB 14 co s dé quy ddi sang trit luong
carbon, phuc vu kiém ké khi nha kinh, giam sat
tai nguyén rung, chi tra dich vu mdi truong rung,
REDD+ va cac hé théng do dac - béo céo - thaim
dinh trong 1am nghiép (Kauffman, Donato, 2012;
Murdiyarso et al., 2015).

Phuong phép truyén théng dé xac dinh AGB rimg
ngdp man thuong dya trén diéu tra thuc dia két hop
v6i phuong trinh sinh khdi theo lodi hodc nhom
loai. Céch tiép cén nay c6 uwu diém 13 phan 4nh
true tiép dic diém 1am hoc tai 6 mau, nhung lai
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doi hoi nhidu thoi gian, nhan lyc va chi phi, dic
biét tai cac khu vuc bai tridu, nén bun 1§y, phéan
bd rimg phan tan va kho tiép can (Kauffman,
Donato, 2012). Do d9, viéc md rong Kkét qua do
dém thuc dia 1én quy mo khong gian 16n thuong
gip nhiéu han ché. Trong bdi canh do, vién tham
duoc xem la cong cu hi¢u qua dé hd tro ude tinh
sinh khdi va trir luong carbon rirng ngap min, nho
kha ning cung cap thong tin lap lai theo thoi gian,
bao phu khong gian rong va c6 thé két hop véi dir
lidu 6 tiéu chudn dé xay dyng mé hinh dinh lugng
(Fatoyinbo, Simard, 2013; Kuenzer et al., 2011;
Aslan et al., 2021).

Céc nguon dir liéu vién tham quang hoc, Radar va
LiDAR di duoc sir dung trong nhiéu nghién ctru
wde tinh chiéu cao tan, cdu tric rimg, sinh khéi va
carbon rimg ngap min, trong d6 chiéu cao tan 1a
mot bién ciu tric quan trong c6 lién quan chit chd
dén sinh khi va diéu kién sinh thai cta rimg ngap
man (Simard et al., 2019). Dit liéu quang hoc, nhu
Landsat va Sentinel-2, c¢6 kha nidng phan anh dic
diém phé ctia tham thuc vat, do xanh, dd 4m tan va
trang thai sinh truong thong qua cic kénh phd va
chi s6 thyc vat. Tuy nhién, anh quang hoc thudong
bi han ché boi may, bong may, hoi nude va didu
kién khi quyén, nhét 1a & vang nhiét déi ven bién
(Giri et al., 2015; Aslan et al., 2021). Nguoc lai,
dir liéu radar khau do tong hop, nhu Sentinel-1,
¢6 kha ning thu nhan trong diéu kién ngay dém va
it bi anh huong bai may, dong thoi nhay véi dic
diém céu trac tan, dd nham bé mat va do am. Tuy
nhién, tin hiéu radar ciing ¢6 thé chiu anh huong
boi muc nude tridu, dd 4m nén, nhiu speckle va
gidi han xuyén tan cua bang C trong cac khu rung
¢6 sinh khéi cao (Lagomasino ef al., 2019; Ghosh
etal.,2021).

Viéc két hop dir liéu quang hoc va radar dugc
xem 1a hudng tiép can c6 tiém ning nhdm nang
cao do chinh xac wéc tinh AGB rung ngap man.
Céc nghién ctru trude day da ching minh rang dir
liu Sentinel ¢6 thé dugc sir dung hiéu qua trong
mo hinh hoa sinh khéi rimg ngap mén. Castillo
va dong tac gia (2017) sir dung anh Sentinel dé
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woc tinh sinh khéi trén mat dat rimg ngdp man
tai Philippines va cho thiy tiém ning cua dit lidu
nay trong 1ap ban d6 AGB & viing ven bién nhiét
d6i. Ghosh va dong tac gia (2021) da sir dung
Sentinel-1 SAR coherence va mo hinh hoc sau dé
woc tinh AGB rimg ngap man nhiét déi. Gan day,
Huang va dong tac gia (2022) da su dung két hop
Sentinel-1 va Sentinel-2 v6i céc thuat todn hoc
may dé 1ap ban 46 AGB rimg ngap man, cho thay
viéc tich hop dit liéu SAR va quang hoc c6 thé cai
thién kha nang du bao sinh khdi so véi su dung
don 1¢ timg ngudn di licu.

O Viét Nam, cac nghién ciru ing dung vién tham
trong giam sat rimg, udc tinh sinh khéi va trir
lwong carbon ring ngdp man di duoc trién khai
& mot s6 khu vuc ven bién. Dic biét, Pham va
ddng tac gia (2020) di so sanh nhiéu thuit toan
hoc may dé udc tinh AGB rimg ngap min tai Khu
Du trit sinh quyén chau tho song Hong trén co s&
két hop nhiéu ngudn dit liéu vién tham cho thdy,
tiém ning Gmg dung cua dir liéu vé tinh trong mo
hinh hoéa sinh khdi ring ngdp man tai mién Bic
Viét Nam. Mot s6 nghién curu da sir dung Sentinel-
1A, Sentinel-2A, ALOS-2 PALSAR-2 hoac cac
mo hinh hoc may dé giam st sinh khéi, bién dong
rung ngap man va udc tinh carbon tai Hai Phong,
Cén Gio, Quang Ninh va mét s dia phuong khac
(Pham et al., 2018; Pham et al., 2020; Luong et al.,
2018; Nguyen Hai Hoa et al., 2024). Tuy nhién,
cac nghién ctu theo hudng xay dung va so sanh
co hé théng c4c mo hinh don bién dua trén céac chi
s6 két hop Sentinel-1 va Sentinel-2 cho rimg ngap
man mién Bic Viét Nam con chua nhiéu. Pic biét,
can 1am rd murc do phan anh AGB cuia ting chi s6
riéng 1é va dang ham toan hoc phu hop giita chi sé
vién tham va sinh khéi rimg.

Trén co s& do, nghién ctru nay dé xuat xay dung
mo hinh udc tinh AGB rung ngép man su dung
ba chi sé gdom RVI, SWIRS va CORVI. Trong
d6, RVI dugc tinh tir hai phan cyc VH va VV cia
Sentinel-1, phan anh dic diém tan xa radar lién
quan dén cdu tric tan rimg; SWIRS duoc tinh tir

tong phan xa hai kénh hong ngoai séng ngan B11
va B12 cua Sentinel-2, dai dién cho thong tin phé
lién quan dén do am va trang thai bé mat cua tham
thuc vat; CORVI 1a chi sb két hop gitta RVI va
SWIRS theo cong thitc CORVI = RVI( -SWRS) nhim
tich hop thong tin cdu tric tir radar va théng tin
quang hoc ving SWIR. Bé x4c dinh bién va dang
quan hé phu hop nhét véi AGB, mdi chi sé dugc
kiém dinh doc 1ap theo bén dang ham gdm tuyén
tinh, lity thira, logarit va ham mii. Cach tiép cén
nay cho phép danh gia rd vai tro ciia timg bién vién
tham, dong thoi cung cip co so lwa chon mé hinh
don gian, dé dién giai va c6 kha ning ung dung
trong 1ap ban d6 sinh khdi rimg ngap min tai mién
Bic Viét Nam.

IL. POI TUQNG, PHAM VI VA DU LIEU
2.1. Péi twong nghién ciru

Pbi tuong nghién ciru 12 sinh khoi trén mat dat cua
rimg ngap min, ky hiéu 1a AGB. AGB duoc hiéu la
tong khdi luong sinh hoc cua cac bd phan cdy nim
trén mat dét, bao g6m than, canh, 14 va cac bo phan
trén mat dat khac, duoc quy ddi theo don vi tin/ha.

2.2. Pham vi nghién ciru

Pham vi khong gian ctia nghién ctru 1a khu vuc
rimg ngdp man ven bién mién Bic Viét Nam, bao
gém cac tinh, thanh: Quang Ninh, Hai Phong,
Hung Yén va Ninh Binh.

2.3. Dir liéu nghién ciru
2.3.1. Dir liéu thuc dia

Dit liéu thuc dia gdm 322 6 tiéu chuan (OTC) duoc
bd tri tai cac trang thai rimg ngdp min dai dién
trong khu vuc nghién ctru. Trong mdi OTC, thong
tin duoc thu thap g6m toa d6 o0, loai cay, dudong
kinh than cay, chiéu cao cay, mat do cay, tinh trang
sinh truong va dic diém trang thai rimg. Phan b
cac OTC ¢ cac tinh nhu sau: Quang Ninh 99 mau,
Hung Yén 44 mau, Ninh Binh 129 mau va TP. Hai
Phong 50 mau.
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2.3.2. Di¢ lidu vién tham

Dir liéu Sentinel-1 dugc sir dung 1a anh SAR véi
hai phan cuc VV va VH. Dt liéu Sentinel-2 duoc
sir dung dé khai thac thong tin phan xa ving hong

ngoai séng ngin (B11 va B12). Ca hai ngudn dir
liu nay dwoc khai thac va tién xir 1y trén Google
Earth Engine, thoi gian thu nhan anh tr 01/10/2025
dén 31/12/2025 (Quy 4/2025).

102°0.00 104°0.00’ 106°0.00’ 108°0.00" 110°0.00’ 112°0,00'
|
. e °
= T - SN
: TN I
& ‘Quang Ninh| |
‘ : \"‘a t,_. L
g Lo 3
. - O 1
g inh Binh o \ =
~ ] . ¥ =
Vinh Bac B&  H&i Nam (Trung Quéc
- S i =
S 3
% 2
DK Hodng §3° | |
(Da Nﬁng, viét ) | II} _'1’)
5 : S o
g Théi Lan 1 s B
o 8
Chd dan
BIEN BONG
.|| 77 Khu wuc nghién clu L
8 2
Sl—1 S
s / 3
- I -‘.k'!\.% |t
AR (]
AN 8
" - § f
- I . . -t /] =
S| Vinh Tha Y e . |3
=3 Lan 8 hah & 18
iy | D
Tho DK. Truing Sa |
' (Khanh Hoa, Viét Namp e @
) D %100 200km i
8 — Z 5 VK
e | Ty 16 1:5.500.000 o 7 75
s | .l'é toa dé WGS'1934 ST e -
102°0.00° 104°0.00° 106°0.00° 108°0.00° 110°0.00’ 112°0.00"

Hinh 1. Khu vyec vi tri nghién ctru.
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I11. PHUONG PHAP NGHIEN CUU

SO DO PHUONG PHAP NGHIEN CUU
Xay dung mé hinh udc tinh sinh khéi trén mét dat (AGB) ritng ngap mén
str dung dir lidu két hop Sentinel-1 va Sentinel-2 tai mién Bac Viét Nam
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Hinh 2. So d khung phuong phap nghién ciru st dung trong nghién ciru.

Nghién ciru xay dyng cac mé hinh don bién nhim
danh gia kha ning wdc tinh sinh khdi trén mat dit
rimg ngdp min cta ba chi sé vién tham gém RVI,
SWIRS va CORVI. Chi s6 RVI dugc tinh tir hai
phan cyc VH va VV cua Sentinel-1 theo cong thurc
RV =4VH/(VH + VV), trong d6 VH va VV la gia
tri tan xa nguoc theo phan cuc VH va VV ¢ dang
tuyén tinh (Nasirzadehdizaji ef al., 2019). Chi sb

SWIRS duoc xac dinh bang tong phan xa hai kénh
héng ngoai song ngén B11 va B12 cia Sentinel-2
theo cong thuc SWIRS = B11l + B12. Trén co
s& d6, chi s6 CORVI (la cong thirc thyc nghiém
do tac gia xay dung) dugc tinh theo cong thirc
CORVI = RVI! = SWIRS) ‘nhim tich hop thong tin
chu tric tan tir dir liéu radar va thong tin phan xa
vung SWIR tur dir liéu quang hoc.
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Vi mbi bién doc 1ap X, trong do X lan luot 1a
RVI, SWIRS va CORVI, bon dang md hinh dugc
thiét 1ap gdm tuyén tinh (AGB = aX + b), lily thira
(AGB = aX®, logarit (AGB = aln(X) + b) va ham
mii (AGB = ae"¥). Céc tham s6 cta md hinh duoc
woc lwong tir b dit liéu 6 tiéu chuan két hop voi gia
trj chi s§ vién tham trich xuét tai vi tri tuong ung.
D0 chinh xac ctia cac md hinh dugc danh gia thong
qua hé s6 xac dinh R?, sai s6 can phuong trung binh
RMSE, sai léch hé théng Bias. Mo hinh tdi vu duge
lwa chon duya trén nguyén tic c6 kha ning giai thich
cao, sai s6 thap, Bias gan 0 va dang quan hé pht hop
v6i didc diém sinh thai cua rimg ngap man.

Mé hinh duge xiy dung va danh gia bang phuong
phap kiém dinh chéo 5 phan (5-fold cross-
validation) trén toan bo 322 6 tiéu chuan da diéu
tra ngoai thuc dia. Trong mdi lan lap, 4/5 s6 0 duge
su dung dé huén luyén va 1/5 sb6 6 con lai duoc
dung dé kiém dinh, bao dam mdi 6 tidu chudn déu
tham gia kiém dinh mét lan.

Cong cu xir 1y va phan tich s6 liéu: Xir 1y dnh vé
tinh duoc thuc hién trén Google Earth Engine

IV. KET QUA NGHIEN CUU

(GEE). Xay duyng mo hinh va phén tich thong ké
dugc thuc hién bang phan mém mi ngudén mo R.

Ddnh gia do chinh xdc mé hinh:

Do chinh x4c cua cac md hinh dugc dénh gia bang
cac chi tiéu théng ké gém hé s6 xac dinh R?, sai
s6 cin phuong trung binh RMSE, sai s6 tuyét ddi
trung binh MAE va sai I¢ch h¢ théng Bias.

RMSE = \/li(AGB AGB,)
n i=1
MAE = 1 3|AGB, - AGB]|
n

i=1
13 (AGB; - AGB))
oy

Bias =

Trong d6 AGB; 1a AGB quan sat tir s6 liéu thuc
dia, A/GE1 12 AGB du bao tir mé hinh va n 1a sb
6 mau.

MBS hinh tdi vu dugce lua chon theo nguyén tic: R2
cao, RMSE va MAE thép, Bias gﬁn 0 va dang quan
h¢ c6 y nghia sinh thai phu hop.

4.1. Pac diem AGB tir s0 liéu 0 tiéu chuan di€u tra

Bang 1. Théng ké mo ta AGB tai cac 6 tiéu chuan.

TT Chi tiéu Gia tri
1 Sé dung lweng mau (OTC) 322
2 Gié tri nhé nhat 15,4
3 Gia trj 1on nhét 282,8
4 Gia tri trung binh 116,99
5 | Do léch chuin mau 45,47
6 Hé s6 bién dong (%) 38,87

Sinh khoi trén mat dat tai 322 OTC c6 su bién dong
tuong dbi 16, dao dong tur 15,4 dén 282.8 Mg/ha,
vGi gid tri trung binh dat 116,99 tin/ha va do léch
chuén 45,47 tin/ha. Hé sb bién dong dat 38,87%,
cho thdy AGB giita cac 6 mau khong dong nhat ma
phan hoa 15 theo diéu kién sinh truong va trang thai
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rimg. Cac 6 c6 gia tri AGB thip co thé dai dién cho
rirng non, rung thua, khu vuc phuc hoi hodc chiu
tac dong cua diéu kién lap dia bat loi; trong khi cac
0 c6 AGB cao phan anh nhitng khu vuc rung phat
trién t6t hon, mat do cy 16n, tan tuong dbi 6n dinh
hoic céy dat kich thudc 16n. Mic bién dong nay 1a
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co s phu hop dé xay dung va kiém dinh cac mo
hinh wéc tinh AGB tir chi s vién tham, do bo mau

4.2. DPic diém cac chi s6 RVI, SWIRS va CORVI

d3 bao quat dugc phd sinh khi tir thap dén cao
trong khu vuc nghién ctru.

Bang 2. Thong k& mo ta cac chi so vién tham.

Chi sé S6 mau Min Max Trung binh Do léch chudn | Hé sé bién dong (%)
CORVI 322 0,4796 1,2245 0,9057 0,114 12,3
SWIRS 322 0,0278 0,354 0,1241 0,0413 33,25

RVI 322 0,4399 1,2453 0,8946 0,1214 13,57

Céc chi sb vién tham duoc trich xuét tai 322 OTC
c¢6 muc bién dong khac nhau. Chi s6 RVI dao dong
tir 0,4399 dén 1,2453, vdi gié tri trung binh 0,8946
va hé s6 bién dong 13,57%. Chi s6 CORVI c6 gia tri
tir 0,4796 dén 1,2245, trung binh 0,9057, hé s6 bién
dong 12,30%, cho thdy mtic phan tan tuong doi thip

4.3. Quan hé giira AGB va tirng chi s6 vién tham

hon RVI. Trong khi d6, SWIRS dao dong tur 0,0278
dén 0,3540, trung binh 0,1241, nhung c¢6 hé s6 bién
dong cao nhét, dat 33,25%, phan anh sy khac biét rd
hon vé phan xa ving SWIR giita cac 6 mau, c6 thé
lién quan dén d6 4m tan, diéu kién nén bun nudc va
trang thai sinh truong cla ring ngdp man.

So sanh cac dang mé hinh hdi quy wéc tinh sinh khoi trén mat dat

CORVI RV

| SWIRS

2004

AGH, Mg/ha

100

Tép dir liéu
® Test

& Train

Dang ma hinh
+ = Hammi
= Logarth
= | {ythira

— Tuyén tinh

o8 08 12 04 06 n&

10 1.2 02 03

Gid trj bién déc lap

Hinh 3. Quan h¢ giita AGB va cic chi s6 vién tham.

Két qua tai hinh 3 cho thay mdi quan hé giita AGB
va céc chi sb vién tham c6 su khac biét rd rét gilra
ba bién CORVI, RVI va SWIRS. Déi véi CORVI,
cac diém quan sat phan bd theo xu thé ting kha
1&: khi CORVI tang thi AGB ciing ting. Ca bon
dang ham hoi quy déu mé ta duoc quan hé thuan

nay, trong do cac dang ham mi, 1diy thira va logarit
thé hién xu thé phi tuyén rd hon ¢ khoang gia tri
CORVI cao. Piéu nay cho thiy CORVI c6 kha nang
phan anh t6t sy thay ddi sinh khi rimg ngap man,
dac biét & nhom 6 c6 AGB trung binh dén cao.
Tuy nhién, tai ving gia tri cao, cac dudng hdi quy
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bét d4u phéan ky manh, cho thdy mé hinh nhay hon
va c6 thé lam ting sai sé du bao néu ngoai suy
ngoai mién dir lidu quan sat.

béi véi RV, quan hé¢ voi AGB cling thé hién xu
thé thuan va kha chit ché, twong tur CORVL Khi
RVI tang, AGB tang tuong tng, phan anh vai tro
cta tin hi€u radar trong mo ta cAu trac tan, mat do
va murc do phat trién sinh khdi rimg. Cac dang ham
phi tuyén, dic biét 1a ham mii va lily thira, cho thy
AGB c6 xu hudng tang nhanh hon ¢ céc gia tri RVI
cao. Diéu nay phu hop véi dic diém sinh thai rimg
ngdp man, khi sy gia tang cAu trlic tan va mat do cay
c6 thé kéo theo sy gia ting nhanh cua sinh khéi. So
v6i CORVI, RVI ¢6 dang phan bd va xu thé hdi quy

4.4. So sanh dd chinh xac cac md hinh don bién

kha twong ddng, cho thdy thong tin tir Sentinel-1
gilr vai tro quan trong trong udc tinh AGB.

Nguoc lai, SWIRS ¢ quan hé véi AGB yéu hon
1o rét. Céc diém dit liéu phan tan manh, dac biét &
khoang SWIRS tir khoang 0,08 dén 0,18, noi AGB
bién dong tir thap dén rat cao. Cac duong hdi quy
déu c6 xu thé ting nhe, nhung d6 dbc khong 16n
va muc phan tin quanh dudng hdi quy cao, cho
thdy SWIRS don 1¢ chua giai thich tot bién dong
sinh khoi trén mat dat. Piéu nay c6 thé do SWIRS
khong chi chiu anh hudng cua tan ring ma con bi
chi phdi boi @6 am, nén bun nude, thuy tridu va
su hdn hop giira rimg - dit - nuée trong pixel anh
Sentinel-2.

Bang 3. So sanh d¢ chinh xac 12 mo hinh udc tinh AGB.

i . Huén luyén Kiém dinh
T Chi so M6 hinh hoi quy

R2 RMSE Bias R2 RMSE Bias

] RVI AGB = 153,451564 + 0,615 + 28,155+ | 0,000+ | 0,599+ | 28,290+ | -0,004 +
304,212573 x RVI 0,008 0,492 0,000 0,036 2,043 5,522

) RVI AGB = 148,569804 + 0,583 + 29,285+ | 0,000+ | 0,570+ | 29,391+ | -0,018 +
244,372541 x In(RVI) 0,005 0,676 0,000 0,032 2,788 5,497

3 RVI AGB = 6,132104 x 0,593 + 28,927+ | -2,901+ | 0,569+ | 29,170+ | -2,885 +
exp(3,203582 x RVI) 0,014 0,529 0,074 0,078 1,578 6,106

4 RV AGB = 149,425282 x 0,619 + 28,009+ | -3,270+ | 0,598+ | 28,205+ | -3,258 +
R\V/|%680302 0,012 0,397 0,111 0,061 1,357 5,865

5 SWIRS AGB = 102,982896 + 0,013 + 45073+ | 0,000+ | -0,015+ | 45,193+ | -3,258 +
134,229934 x SWIRS 0,003 1,173 0,000 0,038 4,743 5,865

6 SWIRS AGB = 156,998985 + 0,015+ 45022+ | 0,000+ | -0,011+ | 45125+ | 0,017 +
17,462474 x In(SWIRS) 0,004 1,208 0,000 0,039 4,887 8,274

. SWIRS AGB = 78,272220 x -0,052 + 46,533+ | -9,813+ | -0,092+ | 46,780+ | -9,800 +
exp(2,669890 x SWIRS) 0,008 1,316 0,605 0,099 4,284 9,010

g SWIRS AGB = 229,779193 x -0,044 + 46,355+ | -9,737+ | -0,077+ | 46,496+ | -9,751 +
SWIRS?:348508 0,010 1,377 0,603 0,094 4,692 8,638

9 CORVI AGB = -179,530903 + 0,615+ 28,139+ | 0,000+ | 0,599+ | 28,286+ | -0,005+
329,470382 x CORVI 0,009 0,475 0,000 0,039 1,985 5,569

10 | corvi AGB = 147,676479 + 0,581 + 29,345+ | 0,000+ | 0,567+ | 29,468+ | -0,018 +
266,582650 x In(CORVI) 0,006 0,653 0,000 0,035 2,709 5,576

» CORVI AGB = 4,51463 x 0,606 + 28,479+ | -2,879+ | 0,581+ | 28,718+ | -2,867 +
exp(3,504369 x CORVI) 0,014 0,488 0,075 0,079 1,571 6,190

12 | corvi AGB = 148,328088 x 0,626 + 27,723+ | -3,289+ | 0,606+ | 27,926+ | -3,277 +
CORV/|%946809 0,013 0,359 0,104 0,065 1,299 5,951
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Két qua nghién ctru cho thdy mé hinh don bién
st dung CORVI dang liiy thtra dat do chinh xac
t6t nhat trong 12 mo hinh kiém dinh, v6i R? huan
luyén dat 0,626 + 0,013, RMSE huan luyén 27,723
+ 0,359 Mg/ha, R? kiém dinh 0,606 + 0,065,
RMSE kiém dinh 27,926 + 1,299 Mg/ha (twong
duong RMSE% khoang 23,923 + 1,655%) va Bias
kiém dinh -3,277 + 5,951 Mg/ha. Két qua nay
cho thiy quan hé giita AGB va chi s6 CORVI c6
tinh phi tuyén ro rét, déng thoi xac nhan loi thé
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Hinh 3. Ban d6 phan b sinh khdi trén mat dat khu vyuc nghién ctru theo mé hinh lity thira

V. THAO LUAN

Két qua nghién ctru ndy co su twong ddng véi cac
nghién ciru trude day khi nhan manh rang viéc tich
hop dit liéu radar va quang hoc c6 thé cai thién kha
nang udc tinh AGB so véi st dung riéng 1é tung
ngudn dir liéu. Chang han, Castillo va dong tac gia
(2017) da sir dung anh Sentinel dé udc tinh va lap
ban d6 AGB rimg ngdp man tai Philippines, dong
thoi cho thdy dir liéu Sentinel c6 tiém ning trong
mo hinh hoa sinh khdi & cac hé sinh thai ven bién
nhiét d6i. Tuong ty, Huang va dong tac gia (2022)

sir dung Sentinel-1 va Sentinel-2 két hop véi thuat
toan hoc may dé¢ udc tinh AGB rimg ngap min tai
Trung Quéc, va két qua cho thay mé hinh hoc may
cai thién do chinh xac so v&éi mo hinh ban thuc
nghiém, qua d6 ho trg tdt hon cho mé hinh hoa sinh
khéi va quan 1y ring theo REDD+. O Viét Nam,
Pham va ddng tac gia (2018) da tich hop ALOS-2
PALSAR-2 va Sentinel-2A v6i mo hinh SVR dé
wéc tinh AGB rimg ngdp min trong tai Hai Phong,
cho két qua kha quan véi R? = 0,596 va AGB
udc tinh dao dong tr 36,22 dén 230,14 Mg/ha.
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So véi nghién ctru nay, mé hinh CORVI dang liy
thira c6 R? kiém dinh ¢ mirc trung binh khé, nhung
¢6 wu diém 14 cu trac md hinh don gian, chi st
dung mdt chi sb téng hop, dé dién giai va thuan loi
khi 4p dung trén pham vi rong.

Su vuot troi cia CORVI so véi RVI va dac biét la
SWIRS ciing ¢6 y nghia vé mit sinh thai va vién
tham. RVI phan anh tan xa radar lién quan dén céu
tric tan, mat do canh 14 va do phuc tap hinh thai
cua rung; trong khi SWIRS phan anh thong tin
ving hong ngoai séng ngin, chiu anh huéng boi
do 4m tan, vat chat kho, nén bun nudce va diéu kién
thiy triéu. Khi sir dung riéng 1¢, SWIRS cho R?
rat thap va tham chi 4m ¢ tap kiém dinh, ching to
chi s6 nay khong du kha ning giai thich bién dong
AGB. Nguyén nhan c6 thé 1a do SWIRS duoc tinh
tir hai kénh hong ngoai song ngan B11 va B12 ctia
Sentinel-2, vén nhay manh véi ham lugng nudc
trong tan 14, do 4m bé mat, nén bun nudc va diéu
kién thiy triéu hon 1a phan anh truc tiép cau trac
than, canh va mat d¢ cay. béi véi rung ngap man,
cic 6 miu thuong ndm trong moi trudng bai tridu
c6 su xen k¢ giira tan rung, d4t bun, nudc mat va
khoang tréng tan; do d6 tin hiéu SWIR dé bi anh
huéng béi hién tugng hon hgp pixel. Tuy nhién,
khi dugc tich hgp vao CORVI, thong tin SWIR co
thé dong vai tro diéu chinh tin hiéu radar theo trang
thai quang phé va d6 Am bé mat, nhd do cai thién
nhe¢ kha nang du bao so véi RVI don thuan. Nhén
dinh nay pht hop véi cac tong quan trudce diy cho
rang cic ngudn dit liéu Sentinel-1, Sentinel-2,
Landsat, ALOS PALSAR va LiDAR déu cé gia
tri trong 1ap ban d6 AGB, nhung hiéu qua thuong
dugc nang cao khi két hop nhiéu loai dir lidu va
mo hinh héa phu hop. Bén canh d6, Ghosh va
ddng tac gia (2021) ciing nhan manh tiém niang
cua Sentinel-1 bang C trong ude tinh AGB rung
ngdp man nhiét d¢i, mdc du tin hiéu SAR co thé
chiu gidi han do kha nang xuyén tan va tinh khong
ddng nhat khong gian cta rimg ngap man.

Mic du mé hinh CORVI dang lily thira cho két
qua tot nhat trong nghién ctru nay, van can luu y
mot s6 han ché khi dién giai va mo rong ing dung.
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Thir nhat, mé hinh dwoc xdy dung theo cach tiép
can don bién nén c6 uu diém 1a don gian va dé
ap dung, nhung chua phan anh day du tic dong
ddng thoi cua cac yéu t6 sinh thai - lap dia nhu
loai cay, tudi rung, mat do, chiéu cao tan, diéu kién
bai triéu, d0 man va muc do ngdp nudc. Tha hai,
di liéu Sentinel-1 va Sentinel-2 c6 do phan giai
khong gian trung binh nén trong cac khu vuc ring
hep, phan manh hodc xen k& véi mat nudc, bai bun
va a0 nudi trong thiy san, sai s6 do hon hop pixel
van ¢6 thé anh huong dén gia tri chi s6 vién tham
va két qua u6c tinh AGB. Ngoai ra, tin hiéu radar
bang C clia Sentinel-1 c6 thé bi gidi han ¢ cac khu
rimg c6 sinh khoi cao, trong khi phan xa SWIR ciia
Sentinel-2 dé chiu anh hudng boi may, hoi nudc,
d6 4m nén va trang thai thuy triéu tai thoi diém thu
nhan anh.

Vi vay, kha nang 4p dung mo hinh sang cac khu
vuc khac can duoc xem xét than trong. M6 hinh
¢6 thé phu hop véi cac khu vuc rimg ngdp min
¢6 diéu kién sinh thai, cdu trac rimg va mién gia
tri AGB tuong ddng véi bd miu cua nghién ciu
nay, dic biét trong pham vi ven bién mién Bac Viét
Nam. Tuy nhién, khi ap dung cho cac vung khac
nhu rung ngap man mién Trung, Nam B¢ hodc cac
khu vuc ¢6 thanh phan loai, tudi rimg, ché do thuy
triéu va diéu kién 1ap dia khac biét, can tién hanh
hiéu chinh va kiém dinh lai bang dir liéu 6 tiéu
chuan doc 1ap. Trong cac nghién ctu tiép theo,
viée bd sung bién phu tro nhu chiéu cao tan, mat
do cay, tudi rung, chi sb thuc vat quang hoc, bién
dia hinh - thily van hodc 4p dung mé hinh da bién
va hoc may cé thé gitp ning cao d chinh xéc,
giam bt dinh va cai thién kha ning chuyén giao
mo hinh trén pham vi rong hon.

VI.KET LUAN

Nghién ctru dé xuat khung mé hinh wdc tinh sinh
khéi trén mit dat rimg ngap min sir dung ba chi sd
vién tham gdm RVI, SWIRS va CORVI tir dir liéu
Sentinel-1 va Sentinel-2. V&i mdi bién doc lap, bdn
dang ham gdm tuyén tinh, liy thira, logarit va ham
mi dugc xay dung va so sanh nhdm xéac dinh dang
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quan hé phu hop nhit véi AGB. Két qua so sanh
12 m6 hinh cho thiy mé hinh lity thira sir dung chi
s6 CORVI 1a mé hinh phu hop nhit dé udc tinh
AGB rung ngap man tai khu vuc nghién ctu, véi
phuong trinh: AGB = 148,328088 x CORVI>%48%,
Mo hinh nay dat d6 chinh xac cao nhat trén tap
kiém dinh véi R?= 0,606 + 0,065, RMSE = 27,926
+ 1,299 Mg/ha (RMSE% = 23,923 + 1,655%) va
Bias =-3,277 + 5,951 Mg/ha. So véi cac m6 hinh
st dung RVI va SWIRS, m6 hinh CORVI dang liy
thira cho thdy kha ning du bao 6n dinh hon do
két hop dugc thong tin cau tric tan tir Sentinel-1
va thong tin phan xa ving SWIR tu Sentinel-2. Vi
vay, nghién ctru khuyén céo sir dung mé hinh nay
dé xay dung ban do phan bé sinh khéi trén mit dat
rimg ngdp min tai khu vue nghién ciru, dong thoi
1am co s6 phuc vu giam sat sinh khoi, udc tinh trix
lugng carbon va hd trg quan 1y ring ngap mén ven
bién theo hudng bén viing. Két qua nghién ciru gop
phan hoan thién co s& khoa hoc cho tmg dung dit

licu Sentinel-1 va Sentinel-2 trong udc tinh sinh
khéi ring ngap min, dong thoi cung cip cong cu
hd trg giam sat carbon, quan 1y rimg ven bién va
phuc vu cac chuong trinh gidm phat thai trong linh
vuc 1am nghiép. Trong cac nghién ciru tiép theo cd
thé xay dung mo hinh da bién, mé hinh hoc may,
b sung thém cac bién khac nhu ché do thuy triéu,
dia hinh va c6 thé thr vai dir liéu c6 kha nang phan
anh tot hon vé cau tric rimg nhu Radar ¢ dai bang
tan L hodc Lidar nhim giup cai thién do chinh xac
cua mo hinh.

Loi cam on: Pady la két qua nghién cieu thuge Ludn
dn tién si “Nghién ciru co s6 khoa hoc va xdy dung
mo hinh woc tinh triv lwong carbon rung ngdp man
tir dir liéu vién tham tai phia Bdc Viét Nam” cua
NCS Nguyén Vin Thi, chiing t6i xin dwoc giri [0
cam on dén tdap thé lanh dao va nhdn vién Vién
Sinh thdi rieng va Moi truong da tao diéu kién cho
NCS tham gia diéu tra thu thap 6 lidu thue dia va
hé tro chiing t6i hoan thanh nghién ciru nay.

TAI LIEU THAM KHAO

Alongi, D. M., 2002. Present state and future of the world’s mangrove forests. Environmental Conservation, 29(3),
331 —349. DOIL: 10.1017/S0376892902000231.
Alongi, D. M., 2014. Carbon cycling and storage in mangrove forests. Annual Review of Marine Science, 6(1), 195 —

Aslan, A., Rahman, A. F., Sanchez-Azofeifa, G. A., 2021. Remote sensing-based carbon stock estimation in mangrove

Castillo, J. A. A., Apan, A. A., Maraseni, T. N., & Salmo, S. G., 2017. Estimation and mapping of above-ground biomass
of mangrove forests and their replacement land uses in the Philippines using Sentinel imagery. ISPRS Journal of

Donato, D. C., Kauffman, J. B., Murdiyarso, D., Kurnianto, S., Stidham, M., Kanninen, M., 2011. Mangroves among the
Duke, N. C., Meynecke, J. O., Dittmann, S., Ellison, A. M., Anger, K., Berger, U., 2007. A world without mangroves?
Fatoyinbo, T. E., Simard, M., 2013. Height and biomass of mangroves in Africa from ICESat/GLAS and SRTM.

Feller, 1. C., Friess, D. A., Krauss, K. W., Lewis, R. R., 2017. The state of the world’s mangroves in the 21st century

2.
219. DOI: 10.1146/annurev-marine-010213-135020.
3.
forests. Remote Sensing of Environment, 257, 112329.
4.
Photogrammetry and Remote Sensing, 134, 70 — 85. DOI: 10.1016/j.isprsjprs.2017.10.016
5.
most carbon-rich forests in the tropics. Nature Geoscience, 4(5), 293 —297. DOI: 10.1038/ngeo1123.
6.
Science, 317(5834), 41-42. DOI: 10.1126/science.317.5834.41b.
7.
International Journal of Remote Sensing, 34(2), 668 — 681. DOI: 10.1080/01431161.2012.712224.
8.
under climate change. Hydrobiologia, 803, 1 — 12. DOI: 10.1007/s10750-017-3331-z
9.

10.

Ghosh, S. M., Behera, M. D., Paramanik, S., 2021. Aboveground biomass estimates of tropical mangrove forest using
Sentinel-1 SAR coherence data: The superiority of deep learning over semi-empirical model. Computers & Geosciences,
150, 104737. DOI: 10.1016/j.cageo.2021.104737.

Giri, C., Ochieng, E., Tieszen, L. L., Zhu, Z., Singh, A., Loveland, T., 2011. Status and distribution of mangrove
forests of the world using earth observation satellite data. Global Ecology and Biogeography, 20(1), 154 — 159. DOI:
10.1111/5.1466-8238.2010.00584.x.

149



Nguyén Vin Thi et al., 2026 (S§ 4) Tap chi KHLN 2026

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Giri, C.,Long,J.,Abbas, S.,Murali,R. M., Qamer, F. M., Pengra, B., Thau, D.,2015. Distribution and dynamics of mangrove
forests of South Asia. Journal of Environmental Management, 148, 101-111. DOI: 10.1016/j.jenvman.2014.01.020.

Nguyen Hai Hoa, Vu Van Truong, Nguyen Thi Thu Hien, Ha Tri Son, Nguyen Van Thi, Nguyen Trong Cuong, Nguyen
Thi Bich Hao, Tran Thi Huong, Phan Duc Le, Phan Van Dung, Thai Thi Thuy An, Le Phu Tuan, 2024. Mangrove
above-ground carbon estimation from Sentinel-1A (SAR) and field-based data in Tien Yen district, Quang Ninh province.
Journal of Forestry Science and Technology, 9(1), 073 — 085. DOI: 10.55250/jo.vnuf.9.1.2024.073-085

Huang, Z., Tian, Y., Zhang, Q., Huang, Y., Liu, R., Huang, H., Zhou, G., Wang, J., Tao, J., Yang, Y., Zhang, Y., Lin, J.,
Tan, Y., Deng, J., Liu, H., 2022. Estimating mangrove above-ground biomass at Maowei Sea, Beibu Gulf of China using
machine learning algorithm with Sentinel-1 and Sentinel-2 data. Geocarto International, 37(27), 15778 — 15805. DOI:
10.1080/10106049.2022.2102226

Kauffman, J. B., Donato, D. C., 2012. Protocols for the measurement, monitoring and reporting of structure, biomass and
carbon stocks in mangrove forests. CIFOR Working Paper No. 86. Bogor, Indonesia: Center for International Forestry
Research. DOI: 10.17528/cifor/003749.

Kuenzer, C., Bluemel, A., Gebhardt, S., Quoc, T. V., Dech, S., 2011. Remote sensing of mangrove ecosystems: A review.
Remote Sensing, 3(5), 878 — 928. DOI: 10.3390/rs3050878.

Lagomasino, D., Fatoyinbo, T. E., Lee, S. K., Feliciano, E., Trettin, C., Shapiro, A., & Mangora, M. M, 2019. Measuring
mangrove carbon loss and gain in deltas. Environmental Research Letters, 14(2), 025002. DOI: 10.1088/1748-9326/aaf0de.

Luong, N. V., Tu, T. T., Khoi, A. L., Hoan, T. N., Thuy, T. L. H., 2018. Biomass estimation and mapping of Can Gio
mangrove biosphere reserve in South of Viet Nam using ALOS-2 PALSAR-2 data. Applied Ecology and Environmental
Research, 17(1), 15— 31. DOI: 10.15666/aeer/1701_015031

Murdiyarso, D., Purbopuspito, J., Kauffman, J. B., Warren, M. W., Sasmito, S. D., Donato, D. C., Kurnianto, S, 2015.
The potential of Indonesian mangrove forests for global climate change mitigation. Nature Climate Change, 5(12),
1089-1092. DOI: 10.1038/nclimate2734.

Nasirzadehdizaji, R., Sanli, F. B., Abdikan, S., Cakir, Z., Sekertekin, A., Ustuner, M, 2019. Sensitivity analysis of
multi-temporal Sentinel-1 SAR parameters to crop height and canopy coverage. Applied Sciences, 9(4), 655. DOI:
10.3390/app9040655.

Nguyén Vian Huy, Pham Thi Thanh Huong, Lé Xuan Phuong, 2020. Hién trang va bién dong dién tich rung ngap man
Viét Nam giai doan 2000 - 2020. Tap chi Nong nghiép va Phat trién Nong thon, 21(4), 112 — 124
Pham, T. D., Yoshino, K., Le, N. N., Bui, D. T., 2018. Estimating aboveground biomass of a mangrove plantation on the

Northern coast of Vietnam using machine learning techniques with an integration of ALOS-2 PALSAR-2 and Sentinel-2A
data. International Journal of Remote Sensing, 39(22), 7761 — 7788. DOI: 10.1080/01431161.2018.1471544.

Pham, T. D., Yokoya, N., Xia, J., Ha, N. T., Le, N. N., Nguyen, T. T. T., Dao, T. H., Vu, T. T. P, Pham, T. D., Takeuchi,
W., 2020. Comparison of machine learning methods for estimating mangrove above-ground biomass using multiple
source remote sensing data in the Red River Delta Biosphere Reserve, Vietham. Remote Sensing, 12(8), 1334. DOI:
10.3390/rs12081334.

Rovai, A. S., Twilley, R. R., Castaiieda-Moya, E., 2018. Global controls on carbon storage in mangrove soil. Nature

Climate Change, 8(6), 534 — 538. DOI: 10.1038/s41558-018-0162-5.

Simard, M., Fatoyinbo, L., Smetanka, C., Rivera-Monroy, V. H., Castaneda-Moya, E., Thomas, N., Van der Stocken, T.,
2019. Mangrove canopy height globally related to precipitation, temperature and cyclone frequency. Nature Geoscience,
12(1), 40-45. DOI: 10.1038/s41561-018-0279-1.

Email tac gia lién hé: hoanh@vnuf.edu.vn

Ngay nhan bai: 11/6/2026

Ngay phan bién danh gia va sira chiva: 03/7/2026; 04/7/2026
Ngay duyét dang: 14/7/2026

150



