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Rung ngép man (RNM) déng vai tro quan trong trong cai thién chit lwong nuéc bién ven bo, didu
hoa khi hau khu vuc ven blen giam thiéu tac dong cua bién ddi khi hau va bao vé bo bién trude
song, gio; ddng thoi cung cip cac dich vu thiét yéu cho hé sinh théi tu nhién va cong ddng dan cu
ven bién. Viéc phan loai thanh phan loai cdy ngdp man (bao gém don loai va té hop loai) hd trg
danh gia phan b6 khong gian va cac dic trung sinh thai cia RNM, qua d6 phuc vu cong tac giam
sat va bao ton da dang sinh hoc. Trong nghién ciru nay, mudi hai loi cay ngdp man chu yéu duoc
xé4c dinh dua trén 121 diém khéao sat thyc dja. Nam thuat toan hoc may phd bién, gdm: Support
Vector Machine (SVM), Extreme Gradient Boosting (XGBoost), Categorical Boosting (CatBoost),
Multi-layer Perceptron (MLP) va Maximum Likelihood Classifier (MLC), dugc ap dung két hop
v6i dit liéu vién tham da cam bién, bao gdm anh quang hoc Sentinel-2 va dit liéu radar Sentinel-1.
Muc tiéu ctia nghién ctru 1a mé phong phan bd khong gian va wdc tinh dién tich cua timg loai cay
ngip mian trong toan bo khu vire Vuon Qudc gia Xuan Thay, tinh Ninh Binh (tinh Nam Dinh cii) -
khu Ramsar dau tién cta khu vuc bong Nam Ava 1a viing 161 cuia Khu Dy trit Sinh quyén Thé giéi
chau th6 song Hong. Két qua cho thay, ba loai gdm: Trang (Kandelia obovata), Trang - St (K.
obovata - A. corniculatum) va Trang - Dudc voi (K. obovata - R. stylosa) chiém da sd, véi tong
dién tich gan 83%. Trong cac don loi, Trang chiém wu thé 15 rét, tiép theo la Su, Pudc voi, Ban
chua/Ban khong canh (Sonneratia caseolaris/Sonneratia apetala) va Mam bién (Avicennia marina).
Trong s6 cac mo hinh dugc déanh gia, CatBoost dat d§ chinh xac cao nhat voi OA (d6 chinh xac
téng thé) = 0,95, tiép theo 1a MLP (0,94), XGBoost (0,94), SVM (0,82) va MLC (0,50).

Keywords: Phdn logi lodi cdy ngdp mdn, hoc may, vién tham da cam bién, Vuon Quéc gia
Xudn Thuy.

1. AT VAN BE

Rung ngip min (RNM) thuong phan bd &
cac vung bai triéu ven bd khu vuc nhiét doi va
can nhiét déi [1, 2]. Pay 1a mot trong nhitng hé
sinh thai (HST) c6 ning suét cao nhat trén Trai
dat [3, 4], dugc xem nhu mot giai phap quan
trong trong Umg phé véi bién ddi khi hau [5],
ddng thoi dong vai trd nhu ‘hang rao sinh hoc tir
nhién’ trudc cac tac dong bat loi tir bién nhu x6i
16 b bién, gio, song va nude dang do bio [4, 6].
Bén canh d6, RNM cung cip céc dich vu sinh thai

va kinh té - xd@ hoi: vira 1a khu vyc sinh san, wom
glong va ngudn thic an cho nhiéu loai sinh vat
bién va ven bo; hd trg sinh ké cho hang triéu
nguol dan vung ven bién va mang lai nhimg loi
ich thiét yéu ¢ quy moé toan cau [7, 4, 8, 2]. Pic
biét, RNM giilr vai tro quan trong trong chu trinh
carbon toan cau nho kha nang hap thu va luu trix
carbon vuot trdi [9, 5].

Phan loai loai cdy ngdp man (CNM) khong
chi cho phép 1ap ban do hién trang mot cach
chinh xac va kip thoi [10], ma con giup xac dinh

NONG NGHIEP VA MOI TRUONG - KY 2 - THANG 5/2026 7



KHOA HOC & CONG NGHE

cac gia tri sinh hoc, sinh thai va méi truong cua
HST RNM [11, 12], tir 46 hd trg cong tac theo
ddi va bao ton dugc hiéu qua hon [13].

Tuy nhién, RNM dang suy giam dang ké ca
vé dién tich va chit luong sinh thai trén pham vi
toan cau [14, 4, 15], trong d6 khu vuc chéu A ghi
nhan toc do suy giam gan gap d6i so véi mirc
trung binh thé gioi [4]. Tai Viét Nam, mic du da
xuét hién xu huéng phuc hoi trong giai doan 2010
- 2019, tong dién tich RNM van giam khoang
7,3% trong giai doan 1995 - 2019 [16].

Dir liéu vién tham d3 duoc sir dung trong
phan loai rung ndi chung va RNM noi riéng tu
nhimg nam 1970 - 1990, vé6i sb luong cong bd
tang manh tir cudi nhitng nam 2010 [17]. Cac loai
CNM khac nhau c6 thé dugc nhan dang, phan
biét dya trén thong tin phé, cAu tric tan 14, cling
nhu dic trung dudi tan tr dir liéu vién tham
quang hoc [18 - 21], LiDAR va SAR [22].

Mac du dit liéu d6 phan giai cao (hyperspectral,
SAR L-/P-band) cho d¢ chinh xac cao trong phan
loai loai, chung bi han ché boi chi phi 16n, pham
vi phu nhé va kha ning tiép can thap. Nguoc lai,
cic ngudn dit liéu mién phi nhu Landsat,
Sentinel-2 va Sentinel-1 (C-/S-band) c6 wu thé vé
tinh san c6 va pham vi phii rong, dui d6 chinh xac
thap hon.

Theo Tran va cs (2022) [22], giai doan 1996 -
2021 chu yéu cac nghién ctru tap trung vao HST
(ranh gidi, phan b, sinh khéi), trong khi nghién
ctru & mic loai CNM con han ché. Pong thoi,
vi€c tich hop hoc may (Machine learning - ML)
véi dit lidu da cam bién (quang hoc, SAR,
LiDAR) dang la xu huéng nang cao hiéu qua
phan loai loai CNM.

Tuong ty xu hudng trén thé gidi, sé luong
nghién cuu vé phan loai loai CNM tai Viét Nam
van con han ché. Cac nghién ctru nay bat dau tap
trung vao ap dung dit liéu vé tinh da nguén, hoc
may va tri tué¢ nhan tao [18, 23]. Tuy nhién, hién
van chua c6 nghién ciru nao 1ap ban d6 phan bé loai
CNM va udc tinh di¢n tich timg loai loai trén toan
b6 pham vi Vuon Quéc gia Xuan Thuy dua trén dit
litu mé da ngudn c6 do phan gidi trung binh, két
hop voi cac phuong phap hoc may va tri tué¢ nhéan
tao hién dai trong bdi canh cic thanh phan loai
CNM dac thu cia khu vuc nay va sy mo rong mai
ctia nhiéu tham rimg trong thoi gian gan day.

Nghién ctru dé xudt mot khung phuong phép
kha thi, hiéu qua cao va chi phi thap cho phan
loai loai CNM tai khu vuc Dong bang song Hong,
ddng thoi c6 thé tham khao va mo rong 4p dung
cho cac khu vuc tuong ty trén pham vi ca nuéc.
Két qua nghién ciru gop phan hd tro cong tic
giam sat va bao ton HST RNM tai Vuon Quéc
gla Xuan Thuy noéi riéng va ving ven bién Dong
bang séng Hong noi chung.

2. DU LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Vung nghién ctru

Vuon Qubc gia Xuan Thuy thudc xd Giao
Minh, tinh Ninh Binh, nim & phia Nam ctra Ba
Lat, song Hong, vé6i tong dién tich khoang 15.000
ha. Khu vuc nay bao gdbm ving 16i khoang 7.100
ha (trong d6 khoang 3.100 ha 14 dién tich dat ndi
c6 rumg khi triéu kiét va khoang 4.000 ha 14 ving
dat con ngap nudc) va ving dém khoang 8.000 ha
[24]. Vuon Qubc gia Xuan Thuy duoc cong nhan
la khu Ramsar dau tién ciia Pong Nam A (nim
1988) va la vung 161 cua Khu dy trir sinh quyén
chau tho song Hong (nam 2004).

Khu vyc chiu anh huéng manh cia qué trinh
bdi tu phu sa va dong luc thiy vian tai cua Ba Lat
- clra song 16n nhit mién Bic, v6i ché do nhat
tridu c6 bién do 3 - 4 m. Nho d6, HST dat ngap
nudc tai day rat da dang, v6i 222 loai chim nudc
dd duoc ghi nhén, trong d6 c6 nhiéu loai quy
hiém duogc ghi trong Sach Do thé gioi nhu: Co
thia, r& mo thia, mong bé mé ngin, co tring
Trung Qudc, vit ddu den, choat chdn mang 16n va
bd néng. Ngoai ra, khu vuc con ghi nhan hon 202
loai thyc vat bac cao, trong d6 HST RNM chiém
wu thé, voi cac loai Trang va Su 1a chu dao [25].

2.2. Khio sat thuc dia va xac dinh loai CNM

Trong nghién ctru nay, téng cong 121 diém
khao sat loai CNM da duogc thu thép trén toan bd
khu vuc RNM cta Vuon Qubc gia Xuén Thiy
(hinh 3). Cuy thé, 41 diém duoc khao sat thuc dia
vao thang 11 nam 2018 [26], 35 diém vao thang
11 nam 2023 va 45 diém duge bd sung bdi can bo
Vuon Quédc gia Xuan Thuy. Viée di chuyén dén
cac diém khao sat dwoc hd trg bang Google
Maps, két hop phuong tién thuyén va di bo.

Tai mdi diém khao sat, mot 6 tiéu chuin
(OTC) co6 dang hinh vudng véi kich thudc 10 x
10 m duoc thiét lap. Toa do dia ly cua mdi OTC
duogc ghi nhan bfmg thiét bi GPS Trimble Rover,
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v0i do chinh xac khong gian khoang 3 - 5 m.
Trong moi OTC, s6 lugng ca thé cay dugc kiem

dém, cac chi tiéu kich thude duoc do dac, déng

thoi loai CNM dugc xac dinh (h1nh 1).

Hinh 1. Pic dlem hinh anh mdt s6 loai cAy ngap min tai Vwon Qubc gia Xuin Thiy: (a) Trang,
(b) Si, (c) Bin, (d) Trang - Puéc voi, (e) Trang - S, (f) Su - Trang, (g) Trang - Bén, (h) MAm
bién - Trang

Két qua khao sat cho thdy, co 4 don loai va 8
t6 hop loai chiém wu thé, bao gém: Trang, Su,
DPuéc voi, Mam bién, Trang - St, Trang - Ban,
Trang - Pudc voi, Su - Trang, Su - Ban, Mam
bién - Trang, M4m bién - St va Ban - Trang. Pac
diém sinh thai va hinh thai ciia mot s6 don loai va
t6 hop loai duoc trinh bay trong hinh 1.

2.3. Thu thap va xir Iy dir liéu vién tham

Dit ligu Sentinel-1 va Sentinel-2 c6 chat
lugng tot, c6 may che phu thap, gan véi thoi gian
khao sat dugc thu thap truc tiép tur céng dir liéu
cia Co quan Vil tru Chau Au (ESA) [27, 28].

Trong d6, Sentinel-1A da xu ly mirc Level-1
GRD (Ground range detected), Sentinel-2A &
muic Level 2A BOA (Bottom-of-Atmosphere
reflectance), gén hé toa d0 UTM WGS84 zone
48N (Bang 1).

Hiéu chinh phd tin s va dia hinh: San phdm
Sentinel-1 GRD duoc chuyén ddi sang hé sb tan
Xa nguoc o’ (dB), hi¢u chinh dia hinh béng mo
hinh s6 d6 cao Copernicus GLO-30 va ap dung
bd loc phi cuc bd (non-local filtering). Toan bd
qué trinh xtr Iy dugc thyc hién bang phan mém
SNAP cuia ESA theo quy trinh tién xtr Iy dugc mé
ta boi Federico Filipponi (2019) [29].
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Bang 1. Dir liéu Sentinel-1 va Sentinel-2 dwgc sir dung trong nghién ctru

Loai anh | Thoi gian chup | Mtc dd xu ly | Band (kénh pho) Do phén giai (m)
Sentinel-1A 23/12/2023 Level-1 GRD | C-band (VH, VV) 11,5x 12,4
Sentinel-2B 01/11/2023 Level-2A 11 10 x 10,20 x 20 va 60 x 60

Pong bo hoa dir liéu: Hai band phan cuc
SAR la VH va VV cua Sentinel-1 va 11 band
quang phd cua Sentinel-2 dugc dwa vé cung do
phén giai khong gian 10 m. Sau do, cac khu vuc
khong thuoc RNM duogc loai bo nham giam khdi
lwong tinh ton va han ché anh huéng cua cac 16p
phu ngoai pham vi nghién ctru.

Xay dung bo chi sb dau vao: Cac chi sé (indices)
thuyc vat (NDVI, NDVI705, RedEdgeNDVI, EVI,
RedEdgeEVI, SAVI, RTVI), cac chi sb nuéc
(MNDWI, NDMI), cac dic trung radar Sentinel-1
(VV, VH, RVL, VHoVV) va cac kénh phd
Sentinel-2 dugc xay dung [30, 31] tao thanh mot
tap dir liéu dau vao da chiéu g6m 23 16p phuc vu
phan loai phi tuyén ctia mo hinh tinh toan.

2.4. Xay dung mo hinh tinh toan phan loai
loai CNM

Trong nghién clru nay, ndm thudt toan phan
loai phd bién trong phan loai 16p phu va cdy rung
tor dir liéu vien tham, bao gom: Categorical
Boosting (CatBoost), eXtreme Gradient Boosting
(XGBoost), Support Vector Machine (SVM),
Multilayer Perceptron (MLP) va Maximum
Likelihood Classification (MLC) [32-34, 31]
dugc ap dung nhiam danh gia hiéu qua phéan loai
loai CNM cua khu vuc Vuon Qudc gia Xuén
Thuy tir dir liéu vién tham da ngudn. Quy trinh

mat nudc, bai bun/cat, bo dap ...), dua trén két
qua quan sat thuc dia két hop véi anh vién tham
d6 phan giai cao ttr Google Maps (truy cap thang
12/2025).

Pé dam bao tinh khach quan trong danh gia
mo hinh, tdp di li€u dugc chia theo ty 1& 70/30
tuong (mg cho hudn luyén va kiém chtng. Pong
thoi, phuong phap kiém dinh chéo phan ting
(Stratified K-Fold, n_splits = 3) duoc ap dung
trong qua trinh t6i wu siéu tham sé va danh gia
mod hinh. Thuat todn Grid Search dugc st dung
nhim xé4c dinh t6 hop siéu tham s6 tdi wu cho
ting mo hinh, véi tiéu chi danh gia 1a F1-score c6
trong s (weighted Fl-score) trung binh trén cac
fold cua qua trinh kiém dinh chéo. Quy trinh nay
gop phan han ché hién tuong qua khop
(overfitting) va dam bao tinh 6n dinh cta hiéu
sudt mo hinh, tranh phu thugc vao mét cach chia
dir liéu duy nhat.

Thong ké dién tich cta timg loai CNM duoc
thuc hién thong qua phuong phap phan tich
khong gian trong ArcGIS. Viéc tinh toan thong
ké dya trén két qua mé phong phan bé loai CNM
tir md hinh hoc may da dugc hudn luyén va kiém
chung.

3. KET QUA NGHIEN CUU VA THAO LUAN

Biang 2. Két qua huén luyén
va kiém chirng mo hinh

cuia mo hmh dugc trinh bay trong hinh 2. Fl-
Goo . aw Sentinel-1: Level 1 GRD Sentinel-2: Level 2A BOA STT M6 hinh OA Kappa

(VIL VV) (11.5812.4m) (11 speetral bands) (10, 20. 60m) Score
e a 1 CatBoost | 0,95 0,95 0,94
K g 2 | XGBoost | 0,94 0,94 0,93
Sentinel-1: dB (Ba:ksuauex coefficient) Sentinel-2. L'c\el 2ABOA 3 SVM 0782 0’82 0778
(VIL VV) (Z0x10m) {11 spectral bands) (10x10m) 4 MLP 0594 0’94 0593
Phin tich chong chip 5 MLC O 50 O 49 0 41

L MIC)

indices
!
I Machine leaming
L (SVM. MI P, xGRaost. Catbaost

Phin bi Inai CNM

Hinh 2. So d6 quy trinh nghién ctru
Bén canh 121 OTC RNM thu thép tr khao §ét
thuc dia, nghién ctru da b6 sung hon 100 diém
mau thugc cac 16p phu khong phai RNM (nhu

82

Két qua hudn luyén va kiém ching (Bang 2)
cho thiy, cac mé hinh dya trén cdy quyét dinh
taing cuong (boosting-based models) nhu
CatBoost va XGBoost dat hiéu sudt cao va on
dinh, véi Overall Accuracy (OA - DB§ chinh xac
téng thé) lan luot dat khoang 0,95 va 0,94, cung
gia tri Fl-score va Kappa tuong tng cao, phan
anh kha nang phan tach tét giita cac loai CNM.
M6 hinh SVM cho két qua trung binh (OA
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khoang 0,82), trong khi MLC thé hién hiéu suat
thap dang ké (OA khoang 0,50), cho thay han ché
cua phuong phap thong ké truyen thdng khi xir ly
dir liéu da chiéu va phi tuyén [35].

Két qua nghién ctru nay phu hop vé6i nhidu
nghién ctru vé hiéu qua giita cic md hinh trong
linh vyc phan loai 16p phu bé mat 133, 36, 35].
Cac nghién cliru gan day trong vién tham cho
thay, cac mo hinh boosting thuong dat hi€u Sudt
cao va 6n dinh hon so voi SVM va cic phuong
phéap hoc sau khi l[am viéc véi dir liéu dang bang,
co sb luong mau huén luyén han ché hoic mét
can bang 16p. Trong khi do, cic mé hinh hoc séu
nhu MLP hoic CNN thudng yéu cau luong dir
liéu 16n va qua trinh t6i wu héa can than dé dat
hiéu sut 6n dinh va c6 thé thé hién bién dong
dang ké gitra cac lan huan luyén [37].

Pang chi ¥, v6i sb luong mau han ché (121
diém RNM va hon 100 diém loai khac), MLP dat
két qua tbt, chi xép sau CatBoost véi OA > 0,94.
Tuy nhién, hiéu ning ctia mé hinh bién dong rd
giita cac 1an huan luyén va cac ciu hinh tham sb,
dic biét khi so sanh gitra thiét 1ap mic dinh va
sau t6i wru Grid Search. Diéu nay cho théy, MLP
cd do nhay cao d6i v6i cac siéu tham sd, bao
gdbm: Kién traic mang, learning rate va
regularization, qua d6 nhdn manh vai tro then
chét ciia qué trinh t6i uu héa mé hinh, phii hop
v0i cac nghién ctru trude day [37].

Trén co s& két qua kiém chung tSt nhat,
CatBoost va MLP duoc lya chon dé thanh lap ban
d6 phan loai cudi cung (hinh 3). Pay 1a hai mé
hinh dai dién cho hai nhom phuwong phap khac
nhau 13 hoc t6 hop (ensemble learning) va hoc
sau (deep learning).

Hai mé hinh (CatBoost va MLP) cho két qua
phan b loai CNM tai khu virc nghién ciru tuong
d6i twong dong. Tuy nhién, két qua tir mo hinh
CatBoost (hinh 3a) c6 xu huéng tap trung va nhat
quan hon, cho thiy kha niang khai quat hoa tot
hon so véi MLP (hinh 3b).

Theo két qua tinh toan, tong dién tich c6 RNM
che phu 14 hon 1.400ha, chiém gan 50% khoanh vi
ving dat ndi co rimg (3.100 ha, theo bao cao cua
Uy ban nhan dan tinh Nam Binh (hién thudc tinh
Ninh Binh) [24]). Phan dién tich con lai chu yéu
bao gom: mat nudc trong hé thong song, kénh rach,
dam nuoi trong thuy san, cac bai bun, bai cat va
rimg phi lao tai khu vure ¢on Lu - cdn Ngan.

V& thanh phan loai, Trang va Su chiém wu
thé, phi hop véi béo céo clia Phan Vian Truong
va cs (2022) [25], tiép theo 1a Pudc voi, Ban
chua/Ban khong canh (Ban) va Mam bién. Pang
cht ¥, mot don loai va hai t6 hop loai 13 Trang,
Trang - Pudc voi va Trang - St chiém wu thé 16
rét, dong gop khoang 83% tong dién tich RNM
cua khu vie nghién ctru (Bang 3).

Mot s6 loai CNM khéac nhu Coc vang, Vet du
va Vet den cling dugc ghi nhan trong cac dot khao
sat va cac nghién ctru khac [25]. Tuy nhién, cac loai
ndy c6 ty 1& xut hién thap va thuong phan bd xen
k& bén trong, dudi tan 14 cua cac loai wu thé néu
trén. Bén canh do, loai O-r6 chu yéu phat trién ty
nhién tai khu vy ria rimg. Do ty 1& phan bb han ché
va khong mang tinh dai dién, cac loai nay khong
dugc dua vao phan tich trong nghién ctu.

Mot sb to hop loai ba thanh phan, chang han
nhu Trang - St - Ban va Trang - St - Mim bién,
cling dugc ghi nhéan trong thuc dia. Tuy nhién,
trong cac t6 hop nay, Ban va Mam bién thudng
xudt hién rai rac dudi dang tai sinh tu nhién,
chiém ty 18 thip va phan bd khong dong déu. Do
do, tin hiéu pho tai mdi pixel chii yéu bi chi phdi
boi cac loai wu thé, khién mé hinh c6 xu hudng
gan cac pixel nay vé cac t6 hop hai loai (Trang -
Su). Hién tugng nay phan anh han ché cua dir liéu
vién tham quang hoc d6 phan giai trung binh két
hop v6i radar band ngin (C- va S-band) trong
viéc phén biét cac to hop loai phrc tap.

Hinh 3. Phén bo loai ciy ngip miin khu vie
Vuon Quoc gia Xuian Thiy tinh toan tir mé
hinh a) CatBoost b) MLP
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Trudng hop ciia Ban chua/Ban khong canh
(Bén), mic du sb lwong ca thé khong nhiéu so véi
cac loai uu thé khac, loai nay thuong co than cao,
tan 14 rong va phan bd dan xen trong cac quan thé
RNM, do d6 c6 dong gop dang ké vé sinh khdi va
van dé duoc nhan dién tir anh vién tham (hinh
lg). Tuy nhién, cdc mang don loai c6 dién tich
nho (hinh 1c), va sé lwong mau huan luyén thu
thap duoc cho 16p ndy con rat han ché (chi 01
mau). Piéu nay dan dén viéc mo hinh khong thé
nhan dién hiéu qua va 16p don loai Ban khong
dugc tach biét trong két qua phan loai.

Bang 3. Dién tich RNM theo loai khu vue
Vuodn Qudc gia Xuan Thity
(tinh toan tir md hinh CatBoost)

.. Dién Ty 1&
STT Loai tich (ha) (%)
1 Trang 496,19 35,37
p | Trang-Dude | 5056 | 13038
VO1
3 Trang - Su 411,41 | 29,33
4 Trang - Ban 51,39 3,66
5 Su 4,66 0,33
6 Su - Trang 53,05 3,78
7 St - Ban 21,09 1,50
8 MA4m bién 41,13 2,93
9 Mam bién - 11,92 | 085
Trang
10 | MAam bién - St 38,97 2,78
11 Ban - Trang 10,48 0,75
12 Pudc voi 6,09 0,43
Tong 1.402,76 | 100
4. KET LUAN

Cac m6 hinh hoc may dua trén boosting (dac
biét 1a CatBoost va XGBoost) cho hiéu sudt vuot
trdi trong phan loai loai cdy ngdp man tir dit li¢u
vién tham da ngudn, v6i d6 chinh xac tong thé
(OA) dat khoang 0,95, cao hon dang ké so voi
SVM va mé hinh MLC truyén thong.

Mac du MLP dat d¢ chinh xac twong duong
(~0,94), mo hinh nay thé hién muc do bién dong
16n gilra cac lan huén luyén, phan anh d¢ nhay
cao ddi voi siéu tham s6 va tinh on dinh thip hon
so voi cac md hinh boosting trong diéu kién dir
liéu huan luyén han che qua d6 nhin manh vai
tro ctia t6i uru tham so.

V& mit sinh thai, HST RNM tai khu vuc
nghién ctru chiu sy chi phoi chu yéu boi cac loai

Trang va S, tiép theo 1a Pudc voi, Ban chua/Ban
khong canh va Mém bién. Pang cha y, ba nhém
chiém vu thé gém: Trang (don loai), Trang - Su
va Trang - Pudc voi (to hop loai), véi tong dién
tich khoang 83% di¢n tich RNM.

Két qua ciing cho thiy phuong phap tich hop
dir liéu Sentinel-1 va Sentinel-2 két hop véi hoc
méy thé hién tiém ning manh mé trong lap ban
dd phan bd loai CNM trén quy md 16n, dic biét
trong bdi canh sir dung dir liéu mién phi va sb
lwong miu han ché.

Tuy vdy, viéc phan biét cac t6 hop loai RNM
phtrc tap (da thanh phan loai) van con han ché khi
sir dung dit liéu vién tham quang hoc d6 phan giai
trung binh (Sentinel-2) va SAR ban ngén
(Sentinel-1 C-band), két hop voi phuong phap
phan loai dya trén pixel. Su chi phéi cua cac loai
vu thé 1am suy giam kha niang nhan dién cac
thanh phan loai c6 ty 1¢ thdp trong mdi pixel. Han
ché nay co thé dugc cai thién bang cach st dung
dir liéu d6 phan giai cao hon két hop véi cac
phuong phap phan loai dya trén dic trung két cdu
va phan doan d6i tuwong (texture-based object
segmentation), cling nhu dir liéu SAR L-/P-band
c6 kha nang xuyén tan t6t hon va cung cép théng
tin cAu trac rimg chi tiét hon.
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(NINH BINH, VIETNAM) BASED ON MACHINE LEARNING AND MULTI-SENSOR
REMOTE SENSING DATA
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Abstract

Mangrove forests play a critical role in improving coastal water quality, regulating coastal climate,
mitigating the impacts of climate change, and protecting shorelines from waves and wind, while
also providing essential ecosystem services for natural ecosystems and coastal communities. The
classification of mangrove species (including monospecific stands and mixed-species assemblages)
supports the assessment of spatial distribution and ecological characteristics of mangrove
ecosystems, thereby contributing to biodiversity monitoring and conservation efforts. In this study,
twelve dominant mangrove species were identified based on 121 field survey plots. Five widely
used machine learning algorithms, including Support Vector Machine (SVM), Extreme Gradient
Boosting (XGBoost), CatBoost, Multi-layer Perceptron (MLP), and Maximum Likelihood
Classifier (MLC), were applied in combination with multi-sensor remote sensing data, including
Sentinel-2 optical imagery and Sentinel-1 radar data. The objective of this study is to model the
spatial distribution and estimate the area of each mangrove species across Xuan Thuy National
Park, Giao Minh commune, Ninh Binh province (formerly Nam Dinh province), Northern Vietnam
— the first Ramsar site in Southeast Asia and the core zone of the Red River Delta World Biosphere
Reserve. The results show that three dominant compositional types, including Kandelia obovata, K.
obovata—Aegiceras corniculatum, and K. obovata—Rhizophora stylosa, account for approximately
83% of the total mangrove area. Among monospecific stands, K. obovata is the most dominant,
followed by A4. corniculatum, R. stylosa, Sonneratia caseolaris, and Avicennia marina. Among the
evaluated models, CatBoost achieved the highest overall accuracy (OA = 0.95), followed by MLP
(0.94), XGBoost (0.94), SVM (0.82), and MLC (0.50).

Keywords: Mangrove species classification, machine learning, Sentinel-1 and Sentinel-2, Xuan
Thuy National Park.
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