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TOM TAT

Pam Thi Nai 12 hé ddm pha ven bién 16n & mién Trung, noi tap trung cac kiéu 16p phii va tham thyc
vat ddc trung cua canh quan ven dam. Nghién ctru nay tich hop anh Sentinel-2 mirc phan xa bé mat, dir
litu GEDI L2A/L4A V002 va DEM SRTM trén nén tang Google Earth Engine nham: (i) phéan loai l6p
phi st dung dat nam 2024; (ii) mo hinh hoa chiéu cao tan (TCH), mat do sinh khdi trén mat dat
(AGBD); va (iii) ugc tinh trir lugng carbon trén mat dat cta cac 16p phu co tham thuc vat. By bién dau
vao gdm cac bang phd gbc, NDVI, NDWI, NDBI, ba thanh phan chinh PCA va hai bién dia hinh; bn
thuat toan RF, CART, GBT va SVM duoc so sanh. Dit liéu GEDI dugc loc theo cac chi tiéu chat
lwong trude khi lién két voi Sentinel-2. Két qué phén loai cho thdy, mit nudc chiém 53,81 km?; tiép
theo 1a cdy hang nam 44,78 km?, rimg 39,88 km?, dat xay dung 30,88 km?, dat tréng 21,03 km? va ciy
lau nam 10,26 km?; d6 chinh xac phan loai dat 0A=99,00% va Kappa=0,9877. Trong mé hinh hdi quy,
RF cho két qua t5t nhat voi RMSE=3,82 m dbi véi TCH va 7,77 Mg/ha dbi véi AGBD, tuong tmg
R?=0,62 va R?>=0,64. Téng trlr lugng carbon trén mat dét cua céc 16p phu c6 tham thuc vat udc tinh dat
71.583,47 Mg C. Két qua khang dinh tiém nang cua viéc két hop GEE, Sentinel-2 va GEDI trong giam
sat carbon trén mat dat & hé sinh thai ven dam; déng thoi chi ra nhu cau bd sung kiém ching thyc dia

doc lap va lwong hoa carbon dudi mit dat/tram tich trong cac nghién ctru tiép theo.
Tir khoa: Pam T hi Nai, carbon trén mdt dd't, GEDI, Sentinel-2, hoc may.

1. AT VAN BE

Cac h¢ sinh thai ven bién nhu rimg ngap man,
bi tridu va co bién 1a nhirng bé chira carbon quan
trong nho kha ning tich lity vat chat hitu co trong
mdi truong yém khi va luu giir carbon trong thoi
gian dai [1, 2]. Vién tham két hop dién toan dam
may 1a cong cy hiéu qua dé giam sat sinh khdi va
carbon trén dién rong. Google Earth Engine
(GEE) cho phép xtr Iy khdi luong l6n dir liéu vién
tham [3], trong khi GEDI cung cip thong tin
chidu cao tin va mat do sinh khoi trén mat dat
(AGBD) ¢ kich thudc footprint khoang 25 m [4].
GEDI ¢6 uu diém cung cap thong tin tryc tiép vé
cAu trac va sinh khdi tham thuc vat, nhung dir
liéu phan bd khong lién tuc, do d6 can két hop
v6i Sentinel-2 dé mo rong kha nang udc tinh theo
khong gian.

Pam Thi Nai 1a hé ddm pha ven bién 16n &
mién Trung, v6i nhiéu loai 16p phu va tham thuc
vat phan bé dan xen [5, 6]. Cac nghién ctru tai
khu vuc nay chu yéu tép trung vao co bién va
chat lugng moi trudng [5, 6], trong khi tng dung
tich hop Sentinel-2, GEDI va GEE dé phan loai
16p phu va uéce tinh carbon trén mat dat & quy mé
canh quan con han ché. Cac mé hinh hoc may co
kha niang mé ta quan hé phi tuyén gitra dir liéu
vién tham va sinh khéi, cho phép so sanh va lya
chon mé hinh phu hop véi khu vuc nghién ctu.
Vi vay, nghién ciru nay dugc thuc hién nham: (1)
phan loai 16p phu sir dung dat nim 2024; (ii) so
sanh cac thuat toan hoc may trong du bao TCH
va AGBD; va (iii) udc tinh trit lugng carbon trén
mit dat cua cac 16p phu c6 tham thuc vét tai khu
vuc ddm Thi Nai.
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2. DU LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Khu vyc nghién ctru
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Hinh 1. Pham vi khu vue nghién ciru (nén
hanh chinh thé hién theo dir liéu ban d6
nam 2025)

Pham vi nghién ctru bao gdm: Pam Thi Nai
va ving ven dam thudc khong gian Quy Nhon -
Quy Nhon Bong - Tuy Phuéc - Tuy Phudc Dong,
v6i tong dién tich phén tich sau khi chuan hoa
ranh gi6i xu ly 1 200,64 kn’. Theo cac cong b6
gan day, mat nuée ddm & dicu kién tridu cao vao
khoang 5.000 ha; tham co bién hién con khoang
180 ha va phan b chi yéu ¢ cac bii triéu nong,
con va dai ven bo phia tay ¢im [5, 6]. Canh quan

khu vuc c¢o6 tinh kham cao, gém: Mat nudc, dai
thue vat ven dam, dat ndng nghiép, bai bdi va khu
xay dung, do d6 phu hop cho nghién ctru tich hgp
phan loai 16p phu va wéc tinh carbon trén mat dat
(Hinh 1).

2.2. Dir liéu nghién ctru

Nghién ctu st dung anh Sentinel-2 mirc
phan xa bé mat, di¥ lidu GEDI L2A V002
(Geolocation and Waveform Metrics) va GEDI
L4A V002 (Aboveground Biomass Density),
mb hinh sb do cao SRTM va tap diém miu giai
doan trén nén tang GEE. L2A cung cép céc
tham sb céu truc tan rung nhu RH25, RH50,
RH98 va chiéu cao tan; L4A cung cip udc tinh
sinh khéi trén mat dit (AGBD). Dir liéu GEDI
duoc sang loc trudc khi moé hinh hoa: béi voi
L2A chi gilt cac footprint c6 quality flag = 1
degrade flag = 0, sensitivity > 0,90 va gia tri
RH hop 1&; dbi v6i L4A chi giit cac footprint c6
14_quality_flag = 1, AGBD > 0 va loai bo cac
diém thiéu gia tri hoac c6 sai sb tuong dbi qua
16n. Sentinel-2 MSI goém 13 kénh phé [7], phu
hop cho phén loai 16p phu va tinh toan chi sb
vién tham. Dir liéu GEDI duogc khai thac nhu
nguén tham chiéu ciu trac tham thuc vat va
sinh khéi trén mat dat, con SRTM DEM dugc
dung dé bd sung bién dia hinh cho mé hinh
(Bang 1).

Bing 1. Danh muc cdc ngudn dir liéu chinh sir dung trong nghién ciru

STT Loai dir liéu Nguén/cém bién Do phan giai Muc dich
A A4 . Phén loai LULC, trich xuat
Anh v¢ tinh - P ’
1 fa o (Zi‘;tflanceel éel\fgt a{;lzc‘:) 10-20 m chi sé phd (NDVI, NDWI,
apho NDBI)
o GEDI02_A V002; ~25m Cung cap di liéu tham chicu
2 Cau trlc tan rung GEDIO4 A V002 footprint chiu cao tan (TCH) va sinh
— P khdi trén mit dat (AGBD)
3 | Mohinhsédocao |  SRTM DEM 30 m Trich xuat cdc bién dia hinh
(d6 cao, do doc)
4 .Pff liéu Google Earth/anh do ) Giai doan mau LULC va kiém
kiém chimg phan giai cao; GEE dinh d6 chinh xac

Do su khong df)ng nhit vé& khong gian va thoi
gian gitra cac nguodn dir liéu, nghién ciru ap dung
quy trinh déng bo héa dit liéu trudc khi huén
luyén mo hinh. Tat ca dit liéu dugc xir 1y thong
nhit trén Google Earth Engine [3]. V& khong
gian, cac bang Sentinel-2 20 m va DEM SRTM
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30 m duoc tai ldy mau vé ludi xir Iy 10 m; gia tri
phé, chi s6 va dia hinh duoc trich xuét theo ving
dém tuong Gmg voi footprint GEDI (~25 m, x4p
xi ban kinh 12,5 m quanh tam footprint) bang
thong ké trung vi/trung binh dé han ché sai léch
do khéc biét do phan giai. V& thoi gian, nghién
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ctru st dung chudi anh Sentinel-2 nim 2024, két
hop loc may va téng hop theo gid tri trung vi; tai
céc footprint GEDI, wu tién anh trong cira sd gan
thoi diém quan sat (+15-30 ngay) khi c6 du dit
liéu khong may. Cach xtr Iy nay giap giam nhiéu
khi quyén, han ché tron phd cuc bd va ting tinh
tuong thich gitra dit liéu LiDAR GEDI véi anh
quang hoc Sentinel-2.

‘Thu thép di liéu tir GEE

‘M hudn luyén phin loai

LULC: Si dung diém tip Miu hudn luyéa sinh khSi: loc cdc

diém thude 16p phi tir 1 dén 3

Két qua phén logi LULC

(a) So dd quy trinh tinh toan

2.3. Phuong phap nghién ctiru

Quy trinh nghién ctru gdm bén bude chinh:
(i) tién xir 1y anh Sentinel-2 va xdy dung anh t6
hop nam 2024; (ii) trich xuit tip bién dic trung
tir bang pho, chi s6 phd, thanh phan chinh PCA
va dia hinh; (iii) phan loai 16p phu sir dung dat va
danh gia do chinh xac bang ma tran nham lan; va
(iv) xdy dung md hinh héi quy TCH/AGBD tir
GEDI, chuyén ddi sang carbon trén mat dét va lap
ban db trit lugng carbon (Hinh 2).
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(b) Trién khai tinh toan trén GEE

Hinh 2. So' d6 khung phwong phap nghién ciru

2.3.1. Tién xir Iy di¥ liéu va trich xudt chi sé pho

Dir liéu Sentinel-2 vé mirc phan xa bé mat
dugc tién xir 1y trén nén tang Google Earth
Engine nhim dam bao tinh nhat quan cua quang
phd va giam thiéu sai sb khi quyén. Anh duogc
loai bé cac pixel chiu anh hudng bdi may va bong
may thong qua mat na chat lugng QA60 két hop

ngudng che phi may, nhim dam bao chi giir lai
cac quan sat c¢6 do tin cay cao.

Sau buéc loc may, chudi anh duoc téng hop
theo phuong phap median composite nham giam
nhiéu ngan han do diéu kién khi quyen va thay
van bién dong, ddng thoi tang tinh 6n dinh cua tin
hiéu phan xa bé mat phuc vu céac budc trich xuét
chi s6 va mé hinh héa tiép theo.

Bang 2. Céc chi s6 phd sir dung trong nghién ciru

Chi s6 Cong thic tinh Muc dich
Chi sb thuc vat Npyi = NIR=RED Panh gia strc khoe va mat do
(NDVI) NIR+RED (1) cay xanh
; GREEN — NIR Téch biét vung mat nudc va cac
? QA 4 NDW[ =——M— v < |
Chi s6 nu6e (NDWI) GREEN +NIR (2) khu vuc bii tridu/bii bdi

Chi s6 xay dung
(NDBI)

NDBI =

SWIR — NIR
SWIR+NIR (3)

Hd tro nhan dién ving dét tréng
va khu xay dung ven dam

Ghi chii: GREEN, RED, NIR va SWIR lan leot twong vmg véi cdc bang 3, 4, 8 va 11 ciia Sentinel-2.

Ba chi sd vién tham dugc st dung gom:
NDVI dé ting cudng tin hiéu thuc vat, NDWI dé
nhan dang mét nude [8] va NDBI dé hd tro ‘phan
biét khu xdy dung/dat trong [9]. Bo chi sO nay
dugc két hop voi cac bang phd gbc nham mo ta
tdt hon su khac biét gitra thyc vat ven dam, mat
nudc, bii bdi va khu xay dung (Bang 2).
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2.3.2. Phan tich thanh phan chinh (PCA) va
thiét ldp hé thong bién dau vio

Do céc bang ph va chi sé co twong quan ndi
tai cao, nghién ctru ap dung phan tich thanh phan
chinh (PCA) dé giam chiéu dir liéu va han ché da
cong tuyén [10]. PCA cho phép nén thong tin phd
thanh cac truc khong twong quan, gitip rat gon bo
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bién dau vao ma van giit dugc cdu trac bién thién
chinh ctia canh quan.
PC =a,X +a,X,+..a,X, (&)
Bang 3. Hé thong cac bién diic trung sir dung
trong mo hinh

Nhém 1A . o e
bién s Ky hiéu Y nghia déc trung
Rin B2, B3, B4, |Phin xa pho co ban
hé %c B8, B11, |tir ddi nhin thay dén
pho g B12 hong ngoai
Chi sb NDVI, Khuéch dai dic
vién NDWI, tinh thyc vat, mat
tham NDBI nudc va dat trong
Biénnén | PCI,PC2, hékat:} ggan%‘i%
PCA PC3 e, 081 e
va da cOng tuyén
e . Phan tach sinh
Blep dia | Elevation, thai theo d6 cao
hinh Slope s an 1A
va do doc

B6 bién sir dung cho mé hinh gdm séu bing
phd gdc, ba chi s6 vién tham, ba thanh phan chinh
PCA va hai bién dia hinh. Cach t6 hop ‘nay nham
tan dung dong thoi théng tin quang phd, ciu trac
canh quan va boi canh dia hinh cua khu vuc ven
dam (Bang 3).

2.3.3. Phan loai lop phu

Nghién ctru so sanh bdn thuat toan hoc may
gom: Random Forest (RF), CART, Gradient
Boosting Tree (GBT) va Support Vector Machine
(SVM) [11-14] dé phan loai sau 16p phu. Déi véi
bai toan phan loai LULC, cac diém mau duge xay
dung doc lap cho tung 16p phi thong qua giai
doan anh d6 phan giai cao. Mau duoc gan nhéin
theo 16p phu twong tng va trich xuit cac bién du
béo tir Sentinel-2, chi sb phé, PCA va dia hinh.
B6 miu duoc chia 70% cho huin luyén va 30%
cho kiém dinh; tap kiém dinh dwoc st dung dé
danh gia két qua phan loai bang OA va Kappa.

Bing 4. Céu hinh céc thuit toin hoc may sir dung cho phéin loai LULC

Thuét toan CAu hinh chinh

Ung dung

100 cay cho LULC; 50 ciy cho hdi quy TCH/AGBD;
RF variablesPerSplit = Vp; minLeafPopulation = 1;
bagFraction = 0,5; seed c6 dinh

Phén loai va hoi quy

Cay quyét dinh nhi phan; minLeafPopulation = 1;

CART diéu chinh do phtic tap theo tap kiém dinh So sanh m6 hinh nén
GBT 200 cay; shrinkage = 0,05; samplingRate = 0,7 Hoi quy va phan loai phi tuyén
SVM Kernel RBF; gamma = 0,1; cost = 10 Hoi quy va phan loai

Céc thuat toan duoc thiét lap va tdi wu theo
cling mot tap bién dau vao. RF si dung 100 cay
quyét dinh cho phan loai 16p phi; s6 bién xét tai
mbi nut duge dit theo can bac hai cia sb bién dau
vao, minLeafPopulation = 1, bagFraction = 0,5 va
seed cb dinh dé tang kha ning tai lap. GBT duoc
thiét lap voi 200 cay, shrinkage = 0,05 va
samplingRate = 0,7; SVM st dung kernel RBF
voi gamma = 0,1 va cost = 10, CART dugc st
dung lam mo6 hinh nén. Tap dir liéu duoc chia
theo ty 1€ 70% huén luyén va 30% kiém dinh,
ddng thoi ap dung kiém dinh chéo 5-fold trong
tap huén luyén dé giam nguy co overfitting va lua
chon céu hinh 6n dinh (Bang 4). M6 hinh ¢6 OA
va Kappa cao duoc lya chon dé xay dung ban do
LULC nam 2024.

2.3.4. Xdy dyng mé hinh hoi quy TCH va AGBD

Mb hinh héi quy duoc xay dung doc lap voi
phén loai LULC. GEDI L2A duogc sir dung dé xac
dinh chiéu cao tan (TCH), con GEDI L4A cung cép
dit liéu tham chiéu AGBD [4]. Cac footprint GEDI
dat yéu cau chat luong duoc lién két véi cac bién
Sentinel-2, chi sb phé, PC1-PC3, Elevation va
Slope. TCH va AGBD 14 bién muc tiéu, cac bién
vién tham va dia hinh 1a bién dy béo.

Bon thudt toan RF, CART, GBT va SVM
dugc ap dung cho hdi quy; RF st dung 50 cay,
cac cAu hinh GBT va SVM tuong tu bang 4. Dir
litu dugc chia 70% huadn luyén va 30% kiém
dinh, két hop 5-fold CV trong tap huén luyén. M6
hinh dugc danh gia bang R? va RMSE; mé hinh
c6 R? cao va RMSE thép dugc lua chon dé du
bao TCH va AGBD toan khu vuc. Viéc két hop
GEDI véi Sentinel-2 va hoc may giup md rong
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két qua AGBD tir cac footprint GEDI khéng lién
tuc sang pham vi khong gian nghién ctu [15, 16].

2.3.5. Ubc tinh trit luong carbon trén mat dat

Mat do carbon trén mat dat (AGCD) duoc
suy ra tir AGBD bang cach nhan véi hé s6 chuyén
ddi carbon 0,47, tham chiéu gia tri mac dinh cda
IPCC [17]. Trén co s¢ do, trit lugng carbon cuia
ting pixel duoc xac dinh bang AGCD nhan véi
hé sb carbon va dién tich pixel:

C; = AGBD; X f X A; )

Trong d6: C; 1a trit luong carbon trén mat dat
cua pixel . Mg C); AGED. 1la mat do sinh khoi

trén mat dat (Mg/ha); A, 1a dién tich pixel (ha);
f=0471a hé sb carbon [17]. Cac pixel mat
nude, dat tréng va dat xdy dung duogc loai khoi
qua trinh tinh tong. Nghién cu chi xem xét
carbon trén mit dit cta tham thuc vat, khong bao
gom carbon duéi miat dat va carbon trong
dat/tram tich.

Toan bd quy trinh dugc trién khai trén Google
Earth Engine (GEE), cho phep dong b hoa tién xir
Iy dir liéu, trich xudt bién va huan luyén mo hinh
trong cung moi truong tinh toan [3].

2.3.6. Banh gia do chinh xdc

Hiéu suat md hinh duoc danh gid bang hai
nhém chi tiéu. D6i voi phan loai 16p phu, do
chinh x4c dwgc danh gi4 théng qua ma trdn nhim
1an t6ng hop tir quy trinh kiém dinh chéo trén bo
mau phan loai, d6 chinh x4c tong thé (Overall
Accuracy - OA) va hé s6 Kappa nham phan anh
mirc d6 phu hop gitra két qua phén loai va dir lidu
tham chiéu. Do han ché vé s6 liéu khéo sat thuc

dia doc lap, cac diém tham chiéu duoc giai doan
tir anh d6 phan giai cao trén Google Earth, kiém
tra chéo nhiéu thoi diém anh va doi chiéu voi boi
canh dia hinh - sinh thai trén GEE; han ché nay
duoc néu 1o trong phﬁn thao luan bat dinh.

k
04 === 1 6
N ©)

NY =2 (n, xn,,) (7)
Nz_i(nw Xnﬂ)

Trong dé: xii 1a s miu dugc phén loai dung
ctia 16p i; xi+ va x-+i lan luot 1a tong s0 mau theo
hang va theo cot cua 16p i; N 1a tong sd mau kiém
dinh. OA phan anh ty 1¢ phan loai dang tong thé,
con Kappa danh gia mirc d¢ phu hop sau khi loai
trir kha nang trung khép ngau nhién.

Dbi voi bai toan hoi quy, hai chi tiéu st dung
1a hé sb xac dinh (R?) va sai sb can trung binh
binh phuong (RMSE).

K=

i(yi _.);i)z
Room ®)
Z(yi _.)_/)2
RUSE - Do i=v)
" €)

Trong dé: R? phan anh mirc do giai thich bién
thién ctia md hinh, con RMSE cho biét sai s6 du
doan tuyét dbi so v6i gia tri tham chiéu GEDI.
M6 hinh dwoc xem 1a tot hon khi c6 R? cao va
RMSE thip.

2.4. Thiét 1ap by mAu huin luyén va kiém dinh

Bang 5. Thong ké bd miu huén luyén va kiém ching cho cac 16p phit (LULC)

STT Lép phu S6 lugng mau Mo ta dic diém tai khu vuc
1 Mt nude 59 Dién tich mat nude dam, clra song va hé thong
kénh rach ndi viung

) Rimg 57 Quan thé rung ngap mar} tu n}nen va trong mai
(Mam, Pudc, Ban...)

3 Céy hang nam 77 bat canh t'?lc }ua va hoa mau ngan ngay
tai vung dém ven dam

4 Céy 14u ndm 19 Céc khu vuc trong cdy an qua, cdy lau ndm va vuon tap

cta hd gia dinh

5 Dit tréng 49 Cac bai boi, bai f:at ven b({ hoac da‘E trong chua cé
tham thuc vat che phu

6 bo thi/khu xay 39 Céc khu dan cu tap trung, co sé ha tang giao thong

dung va bai nuodi trong thuy san c6 mai che
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He¢ thdng phan loai LULC dugc xay dung véi
sau 16p chinh: Mat nudc, rung, cidy hang nam,
cay lau nam, dat trong va dat xay dung. B6 mau
duoc xay dung bﬁng cach xac dinh cac khu vuc
c¢6 dic trung dong nhét va dai dién cho timg 16p
phu trén anh v¢ tinh d§ phan giai cao tir Google
Earth. Tai cac khu vuc duge xac dinh, cac diém
mau duoc lya chon va gan nhan theo 16p phu
tuong tng; dong thoi déi chiéu voi dic diém dia
hinh - sinh thai va kiém tra trén nhiéu thoi diém
anh dé han ché sai sb giai doan. Tong cong 300
diém mau dugc sir dung cho huén luyén, kiém
dinh va kiém tra chéo mé hinh phéan loai; sb
luong va dic trung ciia timg 16p phu dugc tong
hop trong bang 5.

Sau khi gan nhan, b6 mau dugc chia ngiu
nhién thanh 70% mau huin luyén va 30% méu
kiém dinh trén nén tang GEE. Tap huan luyén
dugc su dung dé xdy dung mo hinh phan loai,
trong khi tap kiém dinh doc 1ap duoc st dung dé
danh gi4 do chinh xac thong qua ma tran nhim

1an, OA va Kappa. Ngoai ra, kiém dinh chéo 5-fold
dugc thuc hién trén tip huén luyén nham danh gia
d6 6n dinh ctia mo hinh va han ché overfitting. Dé
giam anh hudng cia twong quan giita cac bién dau
vao, moO hinh st dung cac bién Sentinel-2, chi sb
phd, cac thanh phan PCA va bién dia hinh. Viéc
xdy dung mau theo cac 16p phu dai dién va kiém tra
chéo nhiéu thoi diém anh nham nang cao do tin ciy
ctia nhan mau trong diéu kién chua c6 bd mau khao
sat thuc dia doc 1ap.

3. KET QUA VA THAO LUAN

3.1. Két qua nghién ctru

3.1.1. Phdn tich két qua PCA va tam quan
trong ciia bién

Két qua cho thdy, ba thanh phan chinh dau
tién giai thich 97,99% phuong sai toan bd tép dir
liéu, trong d6 PC1 va PC2 lan lugt dat 66,28% va
28,21% (Bang 6). Vi vay, PC1-PC3 duoc gitr lai
cho cdc mo hinh hoc may, vira giam trung lap
thong tin, vira han ché nhiéu tir bd bién ban dau.

Biang 6. Phian bé phwong sai tich liiy ciia cac thanh phin chinh (PCA)

Chi sb phén tich PCI PC2 PC3 PC4 PC5
Do léch chuan 0.5103 0.3329 0.1172 0.0613 0.0389
Ty 1¢ phuong sai (%) 66.2800 28.2100 3.5000 0.9561 0.3855
Phuong sai tich lity (%) 66.2800 94.4900 97.9900 98.9447 99.3301
~ Ba thanh phan chinh gitr lai dai dién twong  Béng 7. Di¢n tich cic loai hinh 16p phi tai khu
doi tot cho twong phan pho cua nude, thuc vat va vuc nghién ciru nim 2024
bé mat trong/khu xéy dung. Viéc su dung PCA vi ) ) Dién tich | Ty lé
v@y gip mo hinh 6n dinh hon trong bdi canh dir STT | Lop phu (LULC) (km?) (%)
liéu dau vao co nhiéu bién va do twong quan cao. . -
3.1.2. Phén loai I6p phii sir dung ddt (LULC) 1| Mat nude (Water) 53,81 26,82
nam 2024 Dat trdng cay
'''''''''''''''''''''' 2 hang nam 4478 22,32
(Annual crop)
3 Rurng (Forest) 39,88 19,88
Pit xay dung
4 (Built-up) 30,88 15,39
5 bat trong (Barren 21,03 10,48
land)
6 Cay lau ndm 1026 | 5,11
(Perennial crop)
nnnnnnnnnnnnnnnnnnnnnnn Tong cong 200,64 | 100,00

Hinh 3. Cic diém miu sir dung cho phan loai
LULC va m6 hinh héa AGBD, TCH

Téng sb 300 diém mau LULC dugc phan bd
theo nguyén tac dai dién cho siu ki€u phu bé mat
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chu dao; riéng mé hinh hdi quy st dung 5.239
footprint AGBD va 2.875 footprint TCH sau loc
chat lugng tir GEDI (Hinh 3). Hai nhom dit liéu
nay duogc st dung cho hai nhiém vu khac nhau:
DPiém LULC phuc vu phéan loai 16p phu, con
footprint GEDI phuc vu mo hinh héa ciu tric tan
va sinh khdi. Cach tach biét nay gitip tranh nham
14n giira dir liéu phan loai 16p phi va dit liéu tham
chiéu carbon, dong thoi ting tinh minh bach cta
quy trinh trudc khi tinh tong trit lugng carbon.
Két qua phan loai cho thdy, canh quan nghién
ctru ¢6 sy phan bd dan xen rd rét gitra cac loai 16p
phi va tham thuc vat, trong d6 mit nudc van la
16p phit chiém wu thé. Cac 16p thuc vat va dat
canh tic phan bd thanh dai quanh dam, dan xen

voi khu xay dung va bai boi.Dién tich mat nude
dat 53,81 km’ (26,82%), phan anh déc trung cia
mot hé dam phé ven bién mo (Bang 7). Lop rung
dat 39,88 km? (19,88%); trong bdi canh ven dam,
16p nay chu y€u gom cac dai cay go rung ngap
man ven bd va mang thyuc vat than g phan bd roi
rac. Hai 16p noéng nghiép (cay hang nam va cay
lau nam) chiém tong cong 55,04 km?, cho thiy ap
lyc str dung dat san xuat van rat lon xung quanh
dam. Pét tréng va dat xay dung lan luot dat 21,03
km? va 30,88 km? phan anh cac bii bdi, khu
chuyén tiép va khong gian ha ting/dé thi ven
dam. Tong dién tich cac 16p phu 1a 200,64 km?,
thdng nhat véi ranh giGi phan tich da chuan héa &
muc 2.1.

Bing 8. Ma trin nhim 14n tong hop ciia mé hinh phén loai LULC (0A=99,00%; Kappa=0,9877)

chi e;; }\lgglbéo Nudc | Rung Cér}l,;ﬁng Ci;fu bit tréng D(i;;;(gy Téng
Mit nude 58 0 0 0 0 1 59
Rung 0 57 0 0 0 0 57
Cayhangnim | 0 76 1 0 0 77
Cay lau nam 0 0 0 19 0 0 19
Dit tréng 0 0 0 0 48 1 49
Dit xay dung 0 0 0 0 0 39 39
Tong 58 57 76 20 48 41 300

3.1.3. Pdnh gid hiéu nang mé hinh hoi quy

Bén thuat toan hoc may cho két qua khac
nhau ddi v6i hai bién muc tiéu TCH va AGBD.
Trudc hét, ma tran nham 1in cta mo hinh phan
loai LULC cho thay d6 chinh xéac tong thé dat
0A=99,00% va Kappa=0,9877 (Bang 8), phan
anh mtrc do tach 16p tot giita cac 16p phu chu
dao trong khu vure nghién ctru. Dbi v6i hodi quy
TCH/AGBD, RF cho sai sé thip nhat, véi
RMSE = 3,82 m d6i v6i TCH va 7,77 Mg/ha
dbi v6i AGBD (Bang 9). Mirc chinh x4c nay
cho thdy RF phu hop véi bdi canh dit liéu ven
dam co tinh khong dong nhét cao, dong thoi can
bang tot giita do chinh xac va chi phi tinh toan
trén nén tang GEE.

Cac mo hinh con lai ¢6 RMSE AGBD tu
7,96-9,48 Mg/ha; trong d6 CART c6 sai sb 16n
nhat, cho thiy kha nang khai quat hoa kém hon
khi ap dung cho canh quan kham nhiéu loai phu
bé mit. Két qua nay phu hop voi dic diém cua
RF: Thuat toan to hop nhiéu cdy quyét dinh nén

it nhay voi nhiéu cuc bd va co kha nang mo ta tot
quan hé phi tuyén giira bién pho, dia hinh va cau
tric tan.
Bang 9. So sanh sai s6 (RMSE) giira cic md
hinh hgc ma

Thuat RMSE | RMSE Do,
todn (TCH- | (AGBD Ghi cha
m) - Mg/ha)
Random A R a
Forest 3,82 7,77 bo on gljtlh
(RF) ] cao nha
CART | 5,13 9,48 Deé bi qua khép
Céan bang giira
GBT 3,95 7,96 d6 chinh x4c va
toc do
SVM | 422 | 8733 Phu hop tap
mau nho

Két qua cta nghién ctru nhin chung twong
thich véi xu hudéng da dugc ghi nhan ¢ Viét Nam:
Mo hinh hoc may st dung dit li€u Sentinel-2 hoac
tich hop da ngudn thuong cho kha ning udc tinh

74 NONG NGHIEP VA MOI TRUONG - KY 2 - THANG 8/2026



KHOA HOC & CONG NGHE

sinh khéi t6t hon cac mé hinh tuyén tinh truyén
thong. O ving Can Gio (x4 Can Gio, Thanh phd
Ho6 Chi Minh), két qua nghién ciru cia Pham va
cs (2020) [18] cho thiy, R? = 0,805 va RMSE =
28,13 Mg/ha khi tich hop Sentinel-2 voi ALOS-2
PALSAR-2; trong Khu Dy trit sinh quyén Ddng
bang song Hong, mo hinh XGBR-GA dat R? =
0,683 va RMSE = 25,08 Mg/ha [15]; két qua
nghién ctru cua Quang va cs (2022) [16] ghi
nhén, RMSE 5,42 Mg/ha cho mé hinh MARS &
cira song ven bién mién Bic.

Su khac biét giita cac nghién ctru chi yéu
xuat phat tir cdu triic rimg, dai bién thién sinh
khdi, loai dit liéu tham chiéu va mic do dong nhat
ctia dbi twong nghién ctru. Trong nghién ctru nay,
muc tiéu 1a canh quan ven dam cé tinh kham
manh va dit liéu tham chiéu la footprint GEDI
thay vi 6 do thyc dia thudn nhat; do d6 R? = 0,62
dbi voi TCH va R? = 0,64 d6i voi AGBD duoge
xem la mirc chép nhan dugc cho bai toan sang loc
khong gian va hd tro quan ly.

109,10 109,15 109,20 109,25 199,30

2

13,84 132
1388 1292

[

1380
1380

&
Mt dj Carbon (Mg C/ha)
2 M3t 4 Carbon thip (0.8 - 7 Mg Cha)
I; |

w10 109,15 02

Hinh 4. Ban d6 mit d9 carbon trén mit dat
(Mg C/ha) theo mo hinh Random Forest

Ban dd mat do carbon trén mit dat cho thfiy,
cac ving gia tri cao tip trung chu yéu ¢ cac dai
thuc vat ven ddm va cac khu vuc c6 do che phu
cay gd tot, trong khi mat nude, dat tréng va dat xay
dung gan nhu khong dong gop dang ké (Hinh 4).
Két qua nay phu hop voi logic sinh thai ciia hé
dam pha, noi sinh khoi trén mat dt phan bd khong
déu va phu thudc manh vao dang phu bé mat.

Hai biéu d0 twong quan giita gia tri tham
chiéu GEDI va gia tri du bao RF c6 hé sb xac
dinh 1an luot 12 R? = 0,62 ddi véi TCH va R> =
0,64 dbi voi AGBD, cho thay mé hinh nim bt

dugc xu thé bién thién chung cua cu tric tan va
sinh khéi trén mat dat (Hinh 5 va 6). Tuy nhién,
d6 phan tan van con hién dién & cac diém co gia
tri cao, cho théy nhu cau bd sung dit li€u thyc dia
va diéu chinh tham sé theo timg sinh canh trong
cac nghién ctru tiép theo.
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Hinh 5. Twong quan giira AGBD tham chiéu
GEDI va AGBD dw bao theo mé hinh RF
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Hinh 6. Twong quan giira TCH tham chiéu
GEDI va TCH du bao theo m6 hinh RF
Véi myc tiéu 18p ban do gidm sat & quy mo

canh quan, RF la lya chon hop ly nhat trong bon
thuétq toz'u} thir nghiém va duogc ghon cho budc
chuyén do6i sang carbon trén mat dat.
3.1.4. Udc tinh trit lwong carbon trén mat dat
~ Duya trén mo hinh RF, ban dd carbon trén mat
dat duoc xay dung cho cac 16p phu c6 tham thuc
vat. 7Gié tri carbon trung binh dat 7,46 Mg C/ha
va tong trit lugng carbon trén mat dat udc tinh dat
71.583,47 Mg C (Bang 10).
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Bing 10. Trir lwgng carbon trén mit dit ciia tham thue vit

Thudt todn Carbon 16n nhat | Carbon trung binh | Carbon nho nhat | Tdng trir lugng
j (Mg C/ha) (Mg C/ha) (Mg C/ha) carbon (Mg C)
Random Forest
(RF) 19,23 7,46 0,83 71.583,47
CART 30,35 7,41 0,0 71.139,93
GBT 21,95 7,45 0,0 71.496,44
SVM 22,25 7,20 0,0 69.083,70

Gia tri carbon trung binh thu duoc nhin chung
thap hon nhiéu nghién ctru tai cic hé sinh thai
rimg ngdp man dién hinh ¢ Viét Nam va Dong
Nam A, noi AGBD thuong dat trén 50-150 Mg/ha
[1, 15-16, 18-19]. Su khéc biét ndy chi yéu xuét
phat tir dic diém 16p phii ctia khu vuc nghién ciru,
vbn khong phai 1a rimg ngap min lién tuc ma 1a
canh quan ven ddm dang kham gdm: Mat nudc,
bai tricu, dét tréng, cdy nong nghiép va cac dai
thyuc vat phan bé roi rac. Vi vy, gia trj trung binh
7,46 Mg C/ha khong nén dién giai nhu mat do
carbon riéng cua rung ngdp man, ma la gia tri
trung binh trén cac 16p cé tham thuc vat trong
toan canh quan ven dam. Két qua nay ciing chua
dai dién cho toan b “carbon xanh” cua hé dam
pha, vi chua bao gdm carbon dudi mat dat va
carbon trong dit/trim tich - cac bé chira thudng
chiém ty trong rat 16n & hé sinh thai ngap man,
bi triéu va c6 bién [1-2].

Hinh 7. Ban db tong trir lwong carbon trén
mit dit theo md hinh Random Forest
Két qua md phong tai hinh 7 phan anh chi tiét
tong trit luong tich liy trén quy mé pixel 10x10
m, véi trit lwong duoc phan cép tir thap (0,1-0,6
Mg C/pixel) dén cao (1,0-1,67 Mg C/pixel). Cac
pixel dat ngudng cao tip trung tai vung 16i ring

ngdp man va cac dai cay g0 ven dam, dong gop
chu chdt vao tong trit lugng 71.583,47 Mg C cua
toan khu vuc. Cach biéu dién theo pixel gitp
nhan dién cac diém nong tich liy carbon, nhung
khong thay thé cho kiém ké carbon ddy du theo 6
do thuc dia.

3.2. Thao luin

Két qua nghién ciru cho thiy, mé hinh RF dat
hi€u qua t6t nhat trong du bao TCH va AGBD,
v6éi RMSE = 3,82 m va 7,77 Mg ha™!, tuong ung
R2 = 0,62 va 0,64. Két qua nay phu hop véi cac
nghién ciru tai Viét Nam vé Gng dung vién tham
va hoc may trong danh gia sinh khdi va carbon.
Nghién ctru ciia Pham va cs (2020) [18] cho thay,
viéc két hop Sentinel-2, ALOS-2 PALSAR-2 va
XGBoost ¢6 hiéu qua trong udc tinh AGB rung
ngdp mian tai Can Gid (xd Can Gio, Thanh phd
H6 Chi Minh); nghién ctru ctia Pham va cs (2020)
[15] cling chiing minh kha ndng ing dung va so
sanh nhiéu thuat toan hoc may trong uéc tinh
AGB ring ngdp man. Bén canh do, nghién ctru
ctia Pham va cs (2021) [20] cho thdy, Sentinel-2
két hop hoc may c6 thé hd tro udc tinh carbon dat
rung ngap man trén dién rong, véi mo hinh CBR-
GA dat R? = 0,665 va RMSE = 18,41 Mg ha™'.
Trong khi d6, nghién ctru ciia Nguyen Huu Tam
va ¢s (2025) [21] ciing cho thdy tiém ning cua
Sentinel-2 trong x4y dyng md hinh dy bao carbon
trén mat dit & ving Nam Trung Bo. Cac két qua
trén cho thay, dit liéu quang hoc két hop hoc may
c6 kha nang mo ta bién dong sinh khéi va carbon
trong cac hé sinh thai ven bién.

O quy md qubc té, két qua nghién ciru cia
Lang va cs (2021) [22] cho thdy, dit liéu LiIDAR
khong gian két hop anh quang hoc c¢6 thé hd trg
xdy dung ban d6 carbon do phan giai cao trén
dién rong. Bén canh d6, cac nghién ctru rng dung
dir lidu vién tham da cam bién cho carbon ring
ngdp man ¢ Viét Nam [23] cho th?iy, viéc két hop
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nguén dit liéu khac nhau co thé cai thién kha
ning mo ta cu tric tan va bién thién sinh khoi
trong cdc sinh canh ven bién phtrc tap. Nhiing két
qua nay cung cb tinh phu hop cua huéng tiép can
tich hgp GEDI v6i Sentinel-2 trén nén tang GEE
cho giam sat carbon xanh & ving ven ddm va ven
bién Viét Nam.

Tuy nhién, két qua AGBD vén ton tai mot s6
ngudn bat dinh. GEDI cung cdp thong tin truc
tiép vé cdu tric tan va AGBD, nhung cac
footprint phan bd khong lién tuc va cé kich thudc
khoang 25 m, trong khi Sentinel-2 c6 d§ phén
giai 10 m, co thé gy sai khac khi lién két hai
nguon dit liu [4]. Chat luong va phan bd
footprint GEDI ciing anh hudng truc tiép dén do
tin cdy ctia mo hinh hdi quy. Ngoai ra, dic diém
l6p phu dang kham tai khu vuc ven dam c6 thé
gdy tron phd gifta rimg, cdy nong nghiép, bai boi
va khu xdy dung; cic diém kiém ching LULC
dugc gidi doan tr a&nh d§ phéan gidi cao thay vi
khao sat thuc dia doc lap cling la mot nguén bét
dinh. Vi vay, két qua AGBD va carbon phu hop
cho gidm sat khong gian & quy md canh quan,
nhung can bo sung dit liéu thuc dia va danh gid bat
dinh dinh luong trong cac nghién ctru tiép theo.

4. KET LUAN

Nghién ctru da xay dung quy trinh tich hop
anh Sentinel-2, DEM SRTM va dir liéu GEDI
L2A/L4A V002 trén nén tang Google Earth
Engine dé phan loai 16p phu va wdc tinh sinh
khdi, carbon trén miat dat tai ddm Thi Nai. Két
qua phan loai nam 2024 dat OA=99,00% va
Kappa=0,9877; mit nudc 1a 16p phi chiém uu
thé, trong khi cac 16p thyc vat va dat néng nghiép
phan b6 thanh dai quanh dam. Trong bon thuat
toan duge so sanh, Random Forest cho két qua t6t
nhit v6i RMSE = 3,82 m ddi véi TCH va 7,77
Mg/ha d6i voi AGBD, tuong tng R? = 0,62 va R?
= 0,64. Tong trir lwong carbon trén mat dat cua
cac 16p phu c6 tham thyc vat dugc wde tinh dat
71.583,47 Mg C. Két qua cho thdy, viéc két hop
GEDI véi Sentinel-2 va hoc may c6 kha nang m¢
rong dit liéu sinh khéi diém thanh ban d6 carbon
& quy mo canh quan. Tuy nhién, két qua van chiu
anh huong boi sy phan bd khong lién tuc cua
footprint GEDI va thiéu dir liéu kiém chimg thuc
dia doc lap. Do do, can bd sung 6 do sinh khéi
thuc dia, dit liéu carbon dudi mat dit va trim
tich, déng thoi thyc hién phéan tich bat dinh dinh

luong dé nang cao do tin ciy cua két qua trong
cac nghién cuu ti€p theo.

LOI CAM ON

Bai bdo la san pham thudc dé tai cip quoc gia
KC.09.06/21-30 “Co s0 khoa hoc va giai phap bao
V¢, phuc hoi va phat trién bén vieng cdc hé sinh thai
carbon xanh ving bo Nam Trung Bo”.
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AND GEDI DATA TO ESTIMATE ABOVEGROUND CARBON STOCK
IN THE THI NAI LAGOON AREA, GIA LAI PROVINCE
Vu Thi Hoai Thu" %, Dang Thi Kieu Oanh’, Trieu Anh Ngoc®
Institute for Water Resources and Environment Technology,
Vietnam Union of Science and Technology Associations
2University of Transport Ho Chi Minh City
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Abstract

Thi Nai lagoon is a large coastal lagoon system in central Vietnam, encompassing land-cover types
and vegetation characteristic of lagoon landscapes. This study integrated Sentinel-2 surface reflectance
imagery, SRTM DEM and GEDI L2A/L4A V002 data on the Google Earth Engine platform to (i) map
2024 land use/land cover (LULC), (ii) model tree canopy height (TCH) and aboveground biomass
density (AGBD), and (iii) estimate aboveground carbon stock for vegetated covers around Thi Nai
lagoon. Spectral bands, NDVI, NDWI, NDBI, three PCA components and two terrain variables were
used as predictors, while RF, CART, GBT and SVM were compared. GEDI footprints were quality-
filtered and harmonized with Sentinel-2. The 2024 LULC map showed water as the dominant class
(53.81 km?), followed by annual crops (44.78 km?), forest (39.88 km?), built-up land (30.88 km?),
barren land (21.03 km?) and perennial crops (10.26 km?), with OA=99.00% and Kapp=0.9877. RF
outperformed the other algorithms, with RMSE = 3.82 m for TCH and 7.77 Mg ha—1 for AGBD,
corresponding to R? = 0.62 and R? = 0.64, respectively. The total aboveground carbon stock of
vegetated classes was estimated at 71,583.47 Mg C. The study demonstrates the applicability of
combining GEE, Sentinel-2 and GEDI for spatial carbon monitoring in lagoon landscapes, while
highlighting the need for independent field validation, belowground/sediment carbon assessment and
quantitative uncertainty analysis in future studies.

Keywords: Thi Nai lagoon, aboveground carbon, GEDI, Sentinel-2, machine learning.
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