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TOM TAT

Dic khu Pha Qudc co tde do d6 thi hoa va phat trién du lich nhanh, 1am gia tang ap luc chuyén ddi 16p
phu dit. Nghién ciru danh gia bién dong 16p phu dat tai dic khu Phiit Qudc giai doan 2010-2025. Anh
Landsat 5 va Landsat 8 dugc phan loai bang Random Forest trén Google Earth Engine, tich hop NDVI,
NDBI va MNDWI. Trang théi 16p phii ciia timg pixel tai bon thoi diém duge méa héa theo chudi 2010-
2015-2020-2025, qua do6 theo doi trinh tu bién ddi tai cung mét vi tri thay vi chi so sanh ting cép thoi
gian. Céach tiép can nay xac dinh ba dang bién dong gdm: Duy tri, chuyén ddi va phuc hdi 16p phu,
déng thoi xac dinh sb 1an chuyén ddi qua ba giai doan. P9 chinh xac téng thé nam 2010, 2015, 2020 va
2025 lan luot 1a 87,6%, 92,5%, 91,3% va 98,1%, véi hé sé Kappa lan luot 0,83; 0,89; 0,88 va 0,97.
L&p phu rimg duy tri 27.189,57 ha, tuong duong 89,17% dién tich nam 2010; dat xay dung va tham
thyc vat duy tri lan lugt 36,92% va 10,07%. Chi 2,96% dién tich 16p phu rimg chuyén sang dat xay
dung vao nam 2025, trong khi khoang 1.553,31 ha duoc phuc hdi. C6 32.815,75 ha pixel khong
chuyén d6i, chiém 57,99% dién tich ty nhién, cic pixel chuyén doi 1- 3 lan tap trung tai hanh lang
trung tdm - phia TAy, Nam d4o va ven bién Bic dao. Nghién ctru dé xuat vu tién bao vé khu vue 16p
phii rimg 6n dinh, phuc héi khu vuc suy giam va chuyén d6i, ddng thoi kiém soat phat trién xay dung
tai cac ving c6 sb lan chuyén ddi pixel cao.

Tir khéa: Bién dong I6p phu dat, Google Earth Engine, Landsat, quan 1y sir dung ddt Phii Quéc,

Random Forest, vién tham.

1. BAT VAN BE

Trong bdi canh dic khu Phti Qubc phat trién
manh theo dinh huéng dic khu kinh t& - du lich,
ap luc Ién tai nguyén dat ngay cang gia ting, dan
dén qua trinh chuyén doi giira cac loai hinh 16p
phu dat [1]. Sy m& rong khong gian d6 thi, phat
trién ha tang va du lich lam cho c4u trac 16p phu
dét tai dic khu Pha Quoc bién ddi theo ca khoéng
gian va thoi gian. Nhitng bién dong nay dat ra
yéu cau theo doi khong chi xu thé thay d6i bé mat
dat dai ma con ca vi tri va mic do chuyén doi cua
16p phu dat qua thoi gian. Day 1a co sé quan
trong cho quan 1y str dung dit hiéu qua, gop phan
st dung quy dat hop ly, dung muc dich, phu hop
v6i diéu kién tu nhién va dinh hudng phat trién,
han ché cac bién dong 16p phu dat gy tac dong
tiéu cuc dén moi truong va tai nguyén.

Nhiéu nghién ctru trude day da ung dung anh
vién tham tai ddc khu Phu Qudc dé theo ddi 16p
phil ven bién, tham c6 bién va nudi thuy san [2];
phan tich bdi tu - x6i 16 duong b [3]; danh gia
chat luong sinh canh va nhiét d6 bé mat [1]; xac
dinh xu hudng chuyén d6i 16p phu [4]. O pham vi
rong hon, vien tham con tmg dung dé nghién ctru
rimg ngdp man, chuyén ddi dat ngap nudc, hién
trang str dung dat va ban d6 dat [5, 6]. Trong phan
loai 16p phu, Random Forest cho thiy kha ning
phan tach cac 16p phu dat [7] va c¢6 thé két hop
v6i Google Earth Engine dé xu 1y dir liéu 16n [8].
Cac chi s6 NDVI [9], NDBI [10] va MNDWI
[11] hd tro phan tach tham thuc vat, dit xay dung
va mat nude, viéc két hop nhiéu chi s6 phu hop
v6i cdu triic 16p phu phic tap va phan bé dan xen
tai dac khu Pha Qudc [12].
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Mic di cac nghién ctru trude di cung cép
nhidu thong tin vé bién dong tai nguyén, moi
trudng va 16p phu tai dic khu Phu Quéc, viéc
phan tich bién dong 16p phu dit chu yéu dua trén
so sanh di¢én tich gita cac nam hodc ma tran
chuyén ddi theo timg cip thoi gian. Cach tiép cén
ndy c6 thé chua phan anh day du chudi trang thai
cua cung mot pixel va cac thay doi trung gian qua
nhiéu thoi diém. Vi vy, viéc ma hoa trang thai
16p phu theo trinh ty thoi gian va xac dinh s6 lan
chuyen ddi giup nhan dién cac vi tri duy tr,
chuyén doi hodc tro lai _trang thai ban dau, dong
thoi phan biét khu vue 6n dinh va khu vuc c6 tn
sudt chuyén dbi cao [13]. Dit liéu khao sat thuc dja
duoc st dung dé giai thich nguyén nhan thuc té
cuia cac dang bién dong [14]. Viée xir Iy va so sanh
khéi lwong 16n dit liéu pixel qua nhiéu thoi diém
doi hoi nang luc tinh toan va kha ning dong nhat
dir liéu cao. Do d6, Google Earth Engine dugc st
dung dé xu Iy chudi anh, thuc hién phan loai va
giam thiéu sai s6 trong qua trinh phan tich [15].

Trén co s& d6, nghién cuiu st dung anh
Landsat két hop thuét toan Random Forest, cac
chi s6 NDVI, NDBI va MNDWI trén nén ting
Google Earth Engine dé danh gia bién dong lop
phu dat tai dic khu Phii Qudc qua 4 moc nam
2010, 2015, 2020 va 2025. Cach tiép cén nay cho
phép xac dinh cac khu vuc rimg duy tri 6n dinh

can dwgc wu tién bao vé, cac khu vuc rung suy
giam hodc c6 ddu hiéu tai lap 16p phu can dugc
quan ly phu hop va nhimg khu vie c6 tan sudt
chuyén d6i cao can duoc kiém soat trong qua
trinh phat trién do thi, xay dung va du lich tai dac
khu Phu Qudc.

2. PHUONG PHAP NGHIEN CUU

2.1. Pia diém nghién ciru

Cin cir Nghi quyét s6 1654/NQ-
UBTVQHI15 [16], nghién ctru st dung tén don vi
hanh chinh hién hanh la dac khu Pha Quéc, tinh
An Giang (Hinh 1). Di twong nghién ctru gdm 4
16p phu: Rung, dat xdy dung, tham thuc vat va
mat nuoc.

Theo Quyét dinh s6 633/QD-TTg [17], dién
tich ring Phu Qudc 1a 43.361 ha, trong d6 rimg
phong ho 11.939 ha. Quyét dinh sé 376/QD-
UBND [18] ghi nhan, ndm 2020 dién tich ring la
43.009,75 ha, gdbm: Rung dic dung 29.129,8 ha,
rimg phong ho 7.897,2 ha va dét 1am nghiép khac
5.982.84 ha, v6i ty 1& che phu 73,0%. Theo Quyét
dinh s6 513/QD-UBND [19], nim 2024 dién tich
dat co ring 1a 43.033,49 ha, gdm: Rung dic dung
29.131,28 ha, rirng phong ho 7.882,26 ha va dat
lam nghi€p khac 6.019,95 ha, voi ty 1€ che phu
73,01%.
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Hinh 1. Bin d6 khu vue nghién ciru dic khu Phii Quéc, tinh An Giang
Nguon dir liéu: Google Satellite (XYZ Tiles); dit liéu nghién ciru. Hé toa do: VN-2000;
Kinh tuyén truc: 104°45'; mii chiéu: 3°. Bién tdp ban do: Nhém tdc gia, 8/2026.
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Lép phu rimg gém céc dang rung do gidi han
d6 phan giai cua anh Landsat. Dat xdy dung gom
Khu dan cu, cong trinh, dudng giao thong va dat
trong da san lap. Lp tham thuc vat gom: Thuc
vat thua, cay bui, vuon cdy an trai, thudc loai dat
cay lau nam theo Lu4t Dat dai nam 2024. Déi véi
thuc vat thua va cay bui, nghién cfru xac dinh
theo trang thai 16p phu bé mit tir anh vién tham
va khéng quy dbi tryc tiép thanh mot loai dét cu
thé theo phan loai phap 1y. Lép mit nude gom:
Séng, ho, ao tu nhién va cac mat nude nhan tao
nhu hd nuéi thity san, ho trong khu du lich.

2.2. Phuong phap thuc hién

2.2.1. Phuong phap thu thap, tién xir Iy va
trich xudt dir liéu vién tham

Dt liéu Landsat Surface Reflectance
Collection 2, Tier 1, Level 2 dyfcyc thu thap va xu
1y trén Google Earth Engine. Anh mua kho duogc

lya chon dua trén CLOUD_COVER va ty 1€ pixel
khong may, gébm: Landsat 5 TM ngay
14/01/2009, d9 che phu may 0,00% va 3 anh
Landsat 8 OLI/TIRS ngay 15/01/2015,
20/01/2020 va 28/12/2025, véi dd che phi may
lan luot 1,10%, 6,38% va 4,19%. Do khong co
anh nam 2010 dap tmg yéu cau vé chit luong va
do phu, anh Landsat 5 TM ngay 14/01/2009 dugc
dung dai dién cho mdc nim 2010. Khoang léch
gan mot nam co thé gay sai s tai cac pixel thay
d6i trang thai trong giai doan 2009-2010, néu co,
cac thay d6i ndy s& dugc ghi nhan trong bién
dong nam 2010-2015. Tuy nhién, anh nam 2009
¢6 d6 che phu may 0% giup han ché anh hudng
ciia may, bong may va thiéu dir liéu. Ngoai ra, du
lich tai day vao nam 2009 chua phat trién tuong
xtng v6i tiém ning va co sé ha tang con han ché
nén ap luc chuyén déi 16p phu duoc xem 1a thap
hon cac giai doan sau [20].

Bang 1. Khoa gidi doan anh

Vi tri/quan hé
khéng gian

Mau séc - cu trac - hinh
dang - kich thudc

Ving d6i ni, khu
béo ton it bi tac
dong; cac mang 16n,
lién tuc

Xanh dam; cAu trac thé,
day; dang mang ty nhién
rong

D6 thi, khu dan cu,
khu du lich, phan b6
thanh cum, theo
mang ludi giao
thong, ven bién

Mau tim - xam; cAu trac
tho, khong dong nhat;
hinh khéi g6c canh hoac
dang dai theo duong giao
thong; kich thude nho -
tap trung thanh cum 16n

Vung canh tac, cay
bui, chuyén tiép ven
rung, xen k& khu
dan cu, duong giao
thong, dat xay dung

Xanh nhat; ciu tric min;
mang khong deu; kich
thude nho dén trung binh

Hd, kénh rach, ao
nuoi, mang 1on,
tuyén lién tuc, c6 do
ubn cong

Xanh den, xanh lam; ciu
tric min, déng nhéit; dang
dai, mang; kich thuédc
trung binh dén 16n

Lé Anhté| Anh Anh o
EE hop | Google | thuc | Chi so ho tro
p mau | Earth | dia
., NDVI > 0,5;
Rung [ © | MNDWI<
0,15; NDBI <0
Dit NDVI<0,2;
xay MNDWI <
dung 0,15; NDBI >0
, NDVI>0,2
]‘;Illlfrrcn dén <0,5;
~ ¢ MNDWI <
va 0,15; NDBI < 0
. ; NDVI<0,2;
lfﬁitc MNDWTI >
0,15; NDBI<0
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Cac pixel bi anh huong boi may va bao hoa
bic xa duoc loai bé bing QA PIXEL va
QA RADSAT [21]. Gi4 tri DN dugc chuyén sang
phan xa bé mit theo cong thic (SR = DN x
0,0000275 - 0,2), trong d6 0,0000275 va -0,2 lan
luot 14 hé sd nhan va hé sb cdng chuén cta Landsat
Collection 2 Level 2 ddi véi cac kénh Surface
Reflectance [22]. Anh duorc ghép, cit theo ranh gi6i
dic khu Pha Qudc va t6 hop véi cac chi sb pho
thanh anh da bang phuc vu phan tich. Cac chi so6
duoc tinh nhu sau: Chi s6 NDVI = (NIR -

RED)/(NIR + RED) [9]; chi s6 NDBI = (SWIR -
NIR) / (SWIR + NIR) [10]; chi s6 MNDWI =

(Green - SWIR 1)/(Green + SWIR 1) [11].

2.2.2. Phwong phdp xdy dung mdu va phdn
loai Random Forest

Khao sat thuc dia thang 01/2026 (Bang 1)
dugc st dung dé xac nhan dic diém 16p phu
hién tai, théng nhét hé théng phan loai va ho trg
giai doan [23], khong dung dé gin nhin truc
tiép cho cac nam lich str. Nhdan ndm 2010, 2015
va 2020 duoc giai doan hoi ciru doc 1ap va kiém
chung chéo voi anh Google Earth lich s,
trudng hop anh khong phu hop vé thoi gian, do
phu hoac do phan giai, nhan dugc xac dinh tu
anh Landsat cia nim nghién ctu, dic diém
hinh thai va anh 1an cén vé thoi gian. Giai doan
str dung t6 hop mau 654 két hop NDVI, NDBI
va MNDWI. Mau duoc chon ngau nhién tai céc
khu vuc ¢ 16p phu twong dbi dong nhét, cac
diém gén ranh gidi 16p, vung hdn hop, bi anh
hudng bdi may, bong may hodc khong du co sé
nhan dang duogc loai bé.

Random Forest (RF) duoc st dung dé phan
loai 16p phu trén Google Earth Engine véi
ee.Classifier.smileRandomForest() gébm number
OfTrees=600, bagFraction=0,7, minLeafPopulation=2
va seed=42; variablesPerSplit va maxNodes su
dung gia tri mac dinh [8, 24]. M6 hinh st dung 7
bién Green, Red, NIR, SWIR1, NDVI, MNDWI
va NDBI, khong 4p dung ngudng cb dinh cho
timg chi sb. S6 diém mau nim 2010, 2015, 2020
va 2025 lan lugt 1a 306, 287, 312 va 240. Trong
d6, nam 2025 gém 84 diém rung, 110 diém dat
xady dung, 24 diém tham thuc vat va 22 diém
mit nude. SO luong mau khac nhau nham bao
dam tinh dai dién va phan bd trong toan khu
vuc nghién citru, thay vi quy dinh bang nhau

gilta cac 16p. Mau tung 16p duoc chia ngau
nhién 70% cho huén luyén va 30% cho kiém
dinh doc 1ap véi seed=42, bao dam cac 16p hién
dién trong ca hai tdp. Anh huong cta chénh
léch s mau dugc danh gia bang Producer’s
Accuracy (PA) va User’s Accuracy (UA) tor ma
tran sai sd cia tap kiém dinh.

2.2.3. Phuong phap danh gia do chinh xdac

Do tin ciy cua két qua phan loai dwgc danh
gi4 bang ma trén sai sd (confusion matrix), d6i
chiéu két qua phan loai vé6i dir liéu thuc dia. Do
chinh xéc tong thé (OA), sai sb bo sot (PA), sai sb
gop nham (UA) va hé sd Kappa (K) duogc tinh
theo Congalton va Green (1999) [25], trong d6
OA biéu thi ty 18 s6 diém dugc phan loai dang
trén tong sb diém kiém tra.

iy

- X,
0A = ——x 100
\I’

Sai s& gdp nhdm (User’s accuracy - UA):
Phan anh d¢ tin cdy cia mdt 16p trong ban do
phén loai.

U, ==~ x 100

Sai s bo sot (Producer’s accuracy - PA): Thé
hién kha nang ciia mo hinh phan loai ding mot
16p cu the.

U, =% x 100

& Xy

Hé sb Kappa (K) duoc ap dung nham danh
gia muc d twong ddng giira két qua phan loai va
dir liéu thyc té, da loai trir anh hudng cua sai sd
ngau nhién.

N E::J. X;: - E:‘Zl(‘\';"- X ‘1‘"‘-:)
N2 — 3T (X X X))

Trong dé: X 1a sé diém dugc phan loai ding
& 16p i; Xi+ 1a tong s6 diém thyuc té & 16p i (tong
theo hang); X.; 1a tong s6 diém duoc phan loai
vao 16p i (téng theo cot); N 1 tong sb diém kiém
tra; r 1a sb 16p phan loai. Mirc d6 phan biét theo
hé s6 K duge danh gia nhu sau: K<0 la thép;
K=0-0,20 1a nhg; K=0,21-0,40 1a vira; K=0,41-
0,60 1a twong d6i chat; K=0,61-0,80 1a chat va
K=0,81-1 1a rat chat [28].

2.2.4. Phwong phdp phdn tich bién déng lép
phii chudi thoi gian

k
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Pé xac dinh qua trinh chuyén déi 16p phu tai
cung mot vi tri pixel qua nhiu thoi diém, nghién
ctru st dung 4 ban d6 16p phu da phan loai twong
ung cac nam 2010, 2015, 2020 va 2025. Cac 16p
pht dugc ma hoa théng nhét va duoc thé hién &
bang 2.

Bang 2. Quy wéc ma hoéa cac l6p phiu

Ma 16p phu Loai 16p phu
1 Rung
2 Dit xay dung
3 Tham thuc vat
4 Mat nudce

Tai mdi pixel, ma 16p phu cua 4 nam dugc
két hop theo nguyén tic vi tri thap phan: Nam
2010 ¢ hang nghin, nam 2015 & hang tram, nam
2020 & hang chuc va nam 2025 ¢ hang don vi
[26]. V6i cong thirc:

T(x)=[L2010(x)]*10*+[L2015(x)]*x 10*+[L2020
(X)]x10+[L2025(x)]

Trong d6: T(x) 1a md bién dong 16p phu tai
pixel x; L2010(x), L2015(x), L2020(x), L2025(x)
lan luot 13 ma 16p phu cia pixel x tai bon thoi
diém nghién ctru. Phép tinh dugce tinh trong Raster
Calculator ctia QGIS. Két qua 13 anh raster ¢6 cac
gi4 tri pixel duoc quy woc, mdi gia tri pixel dau ra
biéu thi trang thai 16p phu theo thir ty 2010-2015-
2020-2025. C6 3 nhém bién dong theo thtr ty bién
dong cua pixel: Duy tri (gia tri pixel khong thay
dm) chuyén dbi (gia tri pixel chuyen doi), phuc
hoi (gia tri pixel tro lai gia tri ban dau) [27]. Nam
2010 1a thoi gian co s& dé danh gia bién dong giai
doan nam 2010-2025, do 1a trang thai 16p phu ban
dau cua chudi nghién ciru.

2.2.5. Phuong phdp xdc dinh sé lan chuyén
doi I6p phii

Mbi pixel nhin 16p phu duoc so sanh theo 3
cap thoi gian 2010-2015, 2015-2020 va 2020-

Béang 3. Ma trin

2025. Néu nhin 16p phu thay d6i giita hai thoi
diém, pixel dugc gan gia tri 1; néu khong thay
d6i, gan gia tri 0. Téng ba gia tri nhi phan xac
dinh s 1an chuyén ddi cua pixel, dao dong tir 0-3,
trong d6 0 biéu thi 16p phu 6n dinh lién tuc va cac
gia tri 1, 2, 3 twong tmg v&i s6 lan thay ddi trong
ba cap thoi gian [13]. Phép tinh duoc tinh bang
Raster Calculator cua QGIS, tir d6 xac dinh cac
khu vuc 6n dinh va cac khu vuc c¢6 mic do
chuyén d6i khac nhau.

3. KET QUA VA THAO LUAN

3.1. Két qua phan loai va bién dong 16p phi

Téng s6 diém mau nam 2010, 2015, 2020 va
2025 lan luot 12 306, 287, 312 va 240 diém, dugc
phan bb trong toan khu vuc nghién ctru nham bao
dam tinh dai dién khong gian. Két qua phan loai
Random Forest (Hinh 2a, 2b, 2¢, 2d) ¢6 d6 chinh
xc tong thé twong g 87,6%, 92,5%, 91,3% va
98,1%, voi hé s6 Kappa 0,83; 0,89; 0,88 va 0,97.
Két qua nay twong dong vai két qua nghién ctru
cia Kasahun va Legesse (2024) [28], trong do
Random Forest dat do chinh xac tong thé 98,5-
99,5% va Kappa 0,969-0,99 khi phén loai rirng va
dét trbng. Nam 2025, bd m?lu tham chiéu gém 84
diém rimg, 110 diém dat xay dung, 24 diém tham
thuc vat va 22 diém mit nuée. Sau khi phan chia
doc 1ap theo ting 16p voi ty 18 70% huan luyén va
30% kiém dinh, tap kiém dinh gdm 26, 34, 10 va
6 diém tuwong tmg. Vi vay, 10 diém tham thyuc vét
va 6 diém mat nudce chi la phﬁn mau kiém dinh,
khong phai toan bo s6 mau dai dién cua hai 16p.
Két qua ¢ bang 3 cho thay, PA dao dong 90-100%
va UA 97,1-100%, thé hién su chénh l1éch s6 mau
chua lam suy giam r6 rét d§ chinh xac phan loai
theo 16p trong nam 2025. BJ chinh xac nam 2025
cao hon cac thdi diém khac chi yéu do anh thu
nhan gin dot khao sat thuc dia thang 01/2026,
trong khi mau cac nam 2010, 2015 va 2020 dugc
xdy dung bang giai doan hdi ctru tir anh lich su.

sai SO cac nam

2010 Ring 16 0 0 17 94,1 | 84,2 87,6
bXD 0 32 0 0 32 100 | 80,0
TTV 3 7 14 0 24 58,3 | 93,3
Mat nudce 0 1 0 23 24 95,8 100
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Tdng cong 19 40 | 15 23 97
Rung 19 0 0 0 19 | 100 | 100
PXD 0 29 0 0 29 | 100 | 82,9
2015 TTV 0 6 11 0 17 | 64,7 | 100 92,5
Mit nude 0 0 0 15 15 | 100 | 100
Tdng cong 19 35 11 15 80
Rimg 17 0 6 0 23 | 73,9 | 895
bXD 0 36 0 0 36 | 100 | 100
2020 TTV 2 0 15 0 17 | 882 | 714 91,3
Mit nuée 0 0 0 16 16 | 100 | 100
Tong cong 19 36 | 21 16 92
Rimg 26 0 0 0 26 | 100 | 100
bXD 0 34 0 0 34 | 100 | 97.1
2025 TTV 0 1 9 0 10 90,0 | 100 98,1
Mit nuéc 0 0 0 6 6 | 100 | 100
Téng cong 26 35 9 6 76

Ghi chi: BXD: Pdt xdy dung; TTV: Tham thuc vit.

Bang 4 cho thdy dién tich rung ting tu

lién quan dén khac biét v€ khai niém va phuong

30.492,44 ha nam 2010 1én 37.011,34 ha nam Phap xéac dinh, do nghién ctru phan loai l6p phu

2025. Sy khac biét so véi sb lieu kiém ké rimg

tir anh Landsat 30 m.

Bing 4. Dién tich cic 16p phii dit dic khu Phii Qudc, tinh An Giang qua cic nim khio sat

Nam 2010 Nam 2015 Nam 2020 Nam 2025
L6p phu Dién tich Ty 1é Dién tich Ty 1é Dién tich Ty 1é Dién tich Ty 1€
(ha) (%) (ha) (%) (ha) (%) (ha) (%)
Rung 30.492.44 | 53,70 | 34.114,62 | 60,08 | 38.891,49 | 68,49 | 37.011,34 | 65,18
D;:rzgy 9.597,08 16,90 8.516,84 15,00 9.773,61 17,21 11.503,62 | 20,26
Tham
n 16.019,99 | 28,21 13.303,62 | 23,43 7.353,46 12,95 7.576,24 13,34
thuc vat
Mit nuée | 676,65 1,19 851,08 1,50 767,59 1,35 694.97 1,22
Téng
n 56.786,16 100 56.786,16 100 56.786,16 100 56.786,16 100
dién tich
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Trong phan tich bién doéng (Bang 5),
44,16% tham thuc vat nam 2010 dugc phan loai
chuyén sang rung. Tuy nhién, PA cta 16p nay
chi dat 58,3%, v6i 14/24 diém phén loai dung,
3 diém nham sang ring va 7 diém nhdm sang
dat xay dung. Sy nham 1an co thé lién quan dén
phd twong dong gitra cdy bui, vuon cdy véi

ring thua va cac bé mit chuyén tiép, cung han
ché cua anh Landsat 30 m déi véi cac déi twong
xen k&. Vi vay, muc tang dién tich rung con cé
thé chiu anh huéng cua khac biét cam bién, thoi
diém thu nhan, trang thai sinh truéng, do am
thuc vat, chét lugng anh va sai sb phan loai
gilra cdc nam.

Bing 5. Tong hop dién tich bién dong cac 16p phi

Loai hinh Lép pha Di?lr;at)mh Corcuso 2{)2; nam 2010
Rimg 27.189,57 89,17
Dat xay dung 3.543,27 36,92
Duy tri

Tham thyc vét 1.612,78 10,07
Mit nude 470,13 69,48

Dt xay dung 903,98 2,96

Rung Tham thuc vat 757,77 2,49

Mit nudc 13,13 0,04

Rimg 998,97 10,41

Pt xay dung Tham thuc vat 2.649,85 27,61

o Mit nude 91,62 0,95

Chuyén d6i

Rung 7.073,79 44,16

Tham thuc vat |  Dat xay dung 4.683,79 29,24

Mat nudc 79,3 0,50

Rimg 21,91 3,24

Mit nude Dit xay dung 81,82 12,09

Tham thuc vat 51,8 7,66

82
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Rimng 1.553,31 5,09

Phyc hdi sau bat xay dung 2.282,91 23,79
bien done Tham thyc vat 2.500,85 15,61
Mat nudc 25,76 3,81

Bang 5 cho thdy, rimg c6 dién tich duy tri
16n nhét, 27.189,57 ha (89,17% dién tich nim
2010), tiép dén 1a mat nude 470,13 ha (69,48%),
dat xay dung 3.543,27 ha (36,92%) va tham thyc
vat 1.612,78 ha (10,07%). Twr dién tich ring nam
2010, ¢6 903,98 ha (2,96%) chuyén sang dat xay
dung, 757,77 ha (2,49%) sang tham thuc vat va
13,13 ha (0,04%) sang mat nudc. Dat xdy dung
chuyen sang rumg va tham thyc vat lan luot
10,41% va 27,61%; tham thuc vat chuyen sang
rimg 44,16% va sang dit xay dung 29,24%.
Dién tich tham thyc vat giam tr 16.019,99 ha
xubng 7.576,24 ha (Bang 4), tuong duong

8.443,75 ha (52 71%) Su suy gidm va chuyen

d6i cua tham thyuc vat sang dat xay dung gin véi
viéc st dung d4t cho nha 6, cong trinh va du an
du lich, twong tu két qua nghién ctru cua Phuong
va Thien (2025) [29] tai khu vyc d6 thi hoa
nhanh & thanh phd Pa Ning. Nguoc lai, cac du
an xay dung kéo dai c6 thé hinh thanh tham thyc
vét nhu cdy bui. D6i voi mit nude, 12,09% dién
tich nam 2010 chuyén sang dét xdy dung. Dién
tich phuc hoi cta rung, dat xay dung, tham thuc
vat va mat nude 1an luot 1a 1.553,31 ha (5,09%),
2.282,91 ha (23,79%), 2.500,85 ha (15,61%) va
25,76 ha (3,81%), phan anh sy phuc hdi va
chuyén d6i qua lai giita cac 16p phi trong giai
doan nghién ctu.
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Hinh 2. C4c ban @ bién dong 16p phu

3.2. X4c dinh khu vue chuyén dbi 16p phii

Ban d6 sb 1an bién dong (Hinh 2e) thé hién
s6 1an mdi pixel thay dbi 16p phu trong ba giai
doan 2010-2015, 2015-2020 va 2020-2025.
Bing 5 va 6 cho thay, khu vuc khong chuyén

d6i chiém 32.815,75 ha (57,99%), gbém
27.189,57 ha rimg, 3.543,27 ha dat xdy dung,
1.612,78 ha tham thuc vat va 470,13 ha mat
nudce, chi yéu phan bd trong pham vi rimg, cic
truc giao thong da hinh thanh, ao hd va ving
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tham thuc vat 6n dinh. Dién tich rung dac dung
va rumg phong ho cua dic khu Phu Qudc nim
2020 lan luot 13 29.129,8 ha va 7.897,2 ha [18],
dén nam 2024 1a 29.131,28 ha va 7.882.26 ha
[19]. P6i chiéu cho thay, 16p phu ring 6n dinh
van chiém ty trong 16n nhung cac nguon sé liéu
khac nhau vé khai niém va phuong phap xac
dinh nén khong hoan toan twong duwong.

Khu vuc bién dong mot 1an chiém 12.649,54
ha (22,35%), chu yéu tai khu dan cu va ving ven
khu déan sinh. Khu vyc bién dong tir hai lan tro

1én chiém 11.120,86 ha (19,65%), gdm 8.510,60
ha bién dong hai 14n va 2.610,26 ha bién dong ba
lan, tap trung tai hanh lang trung tim-phia Tay,
Nam dao va mot sé dai ven bién phia Bic dao,
noi c6 nhiéu hoat dong phat trién d6 thi, ha tang,
du lich va nghi dudng. Két qua nay phu hop véi
két qua nghién ctru cia Moukomla va Marome
(2025) [30]; Scala va cs (2024) [31], cho ring
ving ven bién 1a khong gian dong, noi 16p phu
dét thuong chiu tac dong tir phat trién d6 thi va
hoat dong kinh té.

Bang 6. Dién tich s6 1in chuyén déi pixel

Lép Dién tich (ha) Co chu (%)
Khong bién dong 32.815,75 57,99
Bién dong 1 lan 12.649,54 22,35
Bién dong 2 lan 8.510,60 15,04
Bién dong 3 lan 2.610,26 4,61
Tong cong 56.586,15 100

Sy phan bé bién dong twong dong véi dinh
huéng phat trién cua dic khu Phu Qudc, véi cac
khu @6 thi du lich va nghi dudng sinh thai tap
trung ven bién, trong khi 13i rimg ndi dia Bic dao
va phia Pong 6n dinh hon. Tuy nhién, anh vién
tham chua cho phép xac dinh riéng tac dong ciua
ting du an. Trong quan ly dat dai, bién dong 16p
phu phan anh qua trinh chuyén muc dich sir dung
dat thuc té tir dat 1am nghiép sang dat phi nong
nghiép, dong thoi hd tro giam sat theo thoi gian
thyc va phat hién vi pham quy hoach, lan chiém
dat rimg trude khi co dir lieu kiém ké dat dai
truyén thong.

3.3. Giai phap

Bién dong 16p phu giai doan 2010-2025 tap
trung tai cac khu vuc chiu tac dong cua do6 thi
hoéa, ha tang va du lich: Giai doan 2010-2015 gin
v6i phét trién ha tang giao thong va du lich;
2015-2020 bién dong manh do dau tu ha téng va
du lich nghi dudng; giai doan 2020-2025 tiép tuc
chiu tac dong ciia d6 thi héa va phat trién du lich.
Vi vdy, giai phap tap trung vao bao vé rimg 6n
dinh, phuc h(‘A)il ring suy giam va kiém soat cac
ving chuyén doi cao.

Rimng 6n dinh dat 27.189,57 ha (89,17% dién
tich rimg nam 2010), tap trung tai Bac dao, Pong
Bic va phia Dong dao, can duy tri tinh lién tuc

cua 16p phu rung, kiém soat xay dung tai vung
tiép giap va giam sat bang anh vién tham. Dbi voi
757,77 ha ring chuyén thanh tham thyc vét va
khoang 1.553,31 ha rimg phuc hdi, can uu tién
khoanh nudi tai sinh tu nhién, trong bd sung cay
ban dia va ting két ndi giira cac mang rimg. Cac
khu vuc chuyén ddi tir hai 1an trd 1én chiém
11.120,86 ha (19,65%), tap trung tai hanh lang
trung tdm-phia T4y, Nam dao va ven bién phia
Bic dao. V6i 29,24% dién tich tham thuc vat nim
2010 dugc phén loai chuyén thanh dat xay dung
vao nim 2025, can kiém soat mo rong xay dung,
duy tri khong gian xanh, bé mit thim nudc va
ving dém voi rimg, ao hd. Bdi voi 12,09% dién
tich mit nude nam 2010 duoc nhan dién 13 dat
xdy dyng vao nim 2025, can kiém chimg bang
anh d6 phan giai cao va thyc dia trudc khi ap
dung bién phap quan ly.

Do ban db bién dong dwoc chong xép tir 4
ban dd doc 1ap, sai ) phan loai co thé lan truyén
tai ranh gi6i 16p va cac dbi tugng co dic trung
phd gan nhau, do phan giai 30 m ciia Landsat
cling han ché nhan dién cong trinh nho, dai giao
thong hep va khu vuc ria rimg. Vi vdy, can két
hop Sentinel-2 hodc anh d¢ phan giai cao voi
chudi anh hing nim dé xac dinh rd hon thoi
diém, toc do va quy dao chuyén ddi 16p phu.

84 NONG NGHIEP VA MOI TRUSNG - KY 1 - THANG 9/2026



KHOA HOC & CONG NGHE

4. KET LUAN

Nghién ctru stt dung anh Landsat va Random
Forest dé danh gia bién dong bdn 16p phu tai dic
khu Phu Quéc giai doan 2010-2025, v&i d6 chinh
xac tong thé 87,63-98,10% va hé s6 Kappa 0,83-
0,97. Dién tich 16p phu rung tang tir 30.492,44 ha
lén 37.011,34 ha, tuy nhién két qua phéan loai
Landsat khong hoan toan twong dong véi sb lidu
kiém ké rumg do khac biét vé khai niém va
phuong phéap xé4c dinh. Ring 1a 16p phu 6n dinh
nhit v&i 27.189,57 ha duoc duy tri (89,17%),
trong khi tham thuc vat giam 52,71%; trong dé
44,16% chuyén sang rimg va 29,24% chuyén
sang dat xdy dung. Phan tich chudi thoi gian cho
thiy, 57,99% dién tich khong chuyén ddi, 22,35%
chuyén d6i mot 1an va 19,65% chuyén ddi tir hai
lan tro 1én. Cac khu vuc bién dong cao tap trung
tai hanh lang trung tam - phia Tay, Nam dao va
ven bién Bic dao, trong khi 15 ring phia Bic dao
va phia Pong 6n dinh hon.
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USING LANDSAT IMAGERY FOR ANALYZING LAND COVER CHANGES DURING THE
2010-2025 PERIOD IN THE PHU QUOC SPECIAL ZONE, AN GIANG PROVINCE AND
PROPOSING SOLUTIONS FOR EFFICIENT LAND USE

Nguyen Truong Anh Kiet', Dang Thi Hong N gocl, Nguyen Kieu Diem’,

Phan Hoang Vu?, Ngo Thi Hieu', Bui Xuan Khanh'

!College of Resources - Environment, Kien Giang University

?College of Environment and Natural Resources, Can Tho University
Abstract

Phu Quoc has experienced rapid urbanization and tourism development, increasing pressure on land-
cover conversion. This study assessed land-cover changes in the Phu Quoc Special Zone during 2010-
2025. Landsat 5 and Landsat 8 imagery was classified using Random Forest on Google Earth Engine,
integrating NDVI, NDBI and MNDWI. The land-cover state of each pixel at four time points was
encoded as a 2010-2015-2020-2025 sequence, thereby tracking the sequence of changes at the same
location rather than merely comparing individual pairs of time points. This approach identified three
types of change-persistence, conversion and land-cover recovery-and determined the number of
transitions across the three periods. Overall accuracy for 2010, 2015, 2020 and 2025 was 87.6%,
92.5%, 91.3% and 98.1%, respectively, with corresponding Kappa coefficients of 0.83, 0.89, 0.88 and
0.97. Forest cover remained unchanged over 27,189.57 ha, equivalent to 89.17% of its 2010 area; the
corresponding persistence rates for built-up land and vegetation were 36.92% and 10.07% ,
respectively. Only 2.96% of the forest-cover area was converted to built-up land by 2025, while
approximately 1,553.31 ha were restored. Pixels with no transitions covered 32,815.75 ha, accounting
for 57.99% of the total natural area, pixels undergoing 1-3 transitions were concentrated along the
central-western corridor, the southern part of the island and the northern coastal areas. The study
proposes prioritizing the protection of stable forest-cover areas, restoring degraded and converted areas
and controlling built-up development in areas with high numbers of pixel-level transitions.

Keywords: Land-cover change, Google Earth Engine, Landsat, land-use management in Phu Quoc,
Random Forest, remote sensing.
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