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Tom tit:

Muc dich ciia nghién ciru nay la danh gid va lra chon dwoc mé hinh thé trong trieong todn
cau Qud trinh do thi héa da dan dén sw gia tang ré rét dién tich bé mat khong tham lam suy gidm
kha nang tham nuwde tw nhién, mat khdc dé thi héa ciing gép phan tao dong luc thic ddy phat
trién kinh té — xd héi. Bai bdo nay sir dung danh vé tinh Sentinel-2 tai ba thoi diém (2016, 2020 va
2025) két hop véi thudt todn Random Forest trén nén tang Google Earth Engine nham phan loai,
xdy dung ban do bé mat khéng tham va phan tich xu hiedng mé réng dé thi theo thoi gian tai
phuong Long An. Két qud cho thdy bé mdt khéng tham c¢é xu hwdng tang nhanh véi dién tich tir
5,76 km? (nam 2016) ting lén 7,01 km? (nam 2020) va dat ngudng cao nhat 10,46 km? (ndm 2025).
Pdc biét xu hwéng mé rong BMKT phdn bé chii yéu tai cdc khu viee phia Péng Nam, Péng Bac
phwong Long An dwoc xdc dinh thong qua chi s6 cuong do mo rong do thi (Urban Expansion
Intensity Index — UEH) Phuwong phap tlep cdn nay cung cdp co s6 di liéu quan trong cho cong
tac quy hoach va hé tro qudn Iy @6 thi bén viing trong boi canh dé thi héa ngdy cang gia ting.

Tir khod: Bé mat khong tham, bién dong, Google Earth Engine, Sentinel 2.

Ngay nhan bai: 23/10/2025 Ngay sira lai: 12/11/2025  Ngay chép nhan dang: 12/11/2025  Ngay xuét ban: 28/02/2026

Analysis of impervious surface expansion trends during urbanization in Long An
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Abstract:

The urbanization process has led to a significant increase in impervious surface area,
reducing the natural water infiltration capacity. On the other hand, urbanization also serves as a
driving force for socio-economic development. This study utilizes Sentinel-2 satellite imagery at
three time points (2016, 2020, and 2025), combined with the Random Forest algorithm on the
Google Earth Engine platform, to classify and map impervious surfaces and analyze urban
expansion trends over time in Long An Ward. The results show that impervious surfaces have
rapidly increased, from 5.76 km? in 2016 to 7.01 km? in 2020, reaching a peak of 10.46 km? in
2025. Notably, the trend of impervious surface expansion is mainly concentrated in the
southeastern and northeastern areas of Long An Ward, as identified through the Urban Expansion
Intensity Index (UEII). This approach provides an important data foundation for planning and
supports sustainable urban management in the context of increasing urbanization.
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1. Giéi thi¢u

D6 thi hoa 1a qua trinh phat trién khong gian kinh té va xa hoi din dén gia
tang ty 1& dan sb d6 thi, dong thoi mé rong hé théng ha ting ki thuat va dich vu d6
thi [1]. Qua trinh nay khong chi tac dong gian tiép dén hé sinh thai ma con anh
hudng truc tiép dén moi trudng do6 thi thong qua viée chuyén ddi cac bé mat ty
nhién thanh bé mat nhan tao [2]. Trong nhing thap ky gan day, d6 thi hoa tai Viét
Nam dién ra véi tbe d6 nhanh chong, dac biét tai cac do thi 1on va trung tam kinh
té trong diém. Sy mo rong khong gian d6 thi da lam thay doi dang ké ciu tric sir
dung dat, dong thoi phat sinh nhiéu van dé méi truong dang lo ngai. Mot trong
nhitng biéu hién rd nét 1a su gia ting dién tich bé mat khong thim (bao gdm duong
giao thong, via he, mai nha, khu cong nghiép va cac cong trinh ha ting khac) [2-4].
Sy gia ting nay 1am suy giam kha ning thim nudc ty nhién dan dén gia ting dong
chay bé mit, nguy co ngap ung do thi, suy giam chét lugng va trir lugng nudc ngam,
cling nhu thay doi vi khi hau dia phuwong [5]. Ngoai ra, bé mit khong thim khong
chi phan anh mirc d¢ d6 thi héa, ma con dugc xem la thang do danh gia chét luong
moi truong d6 thi [6]. Do do, viéc theo ddi va danh gia bién dong bé mat khong
tham 1a can thiét va dong vai trd quan trong trong bdi canh d6 thi hoa ngay cang gia

tang va dién bién phuc tap hién nay.

Tai phuong Long An (TP. Tan An, tinh Long An cii) (Hinh 1), qué trinh do
thi hoa dién ra véi toc d6 manh mé véi budc tién quan trong khi thanh phd duoc
cong nhan 1a d6 thi loai II vao nam 2019 theo Quyét dinh 1140/QP-TTg cta Thu
tudng Chinh phu. Viéc dat dugc thanh tyu nay thé hién su phat trién vé quy mo, ha
tang va mirc 46 do thi hoa, ddng thdi mé ra nhidu co hoi méi trong phat trién kinh
té — xa hoi. Dac biét, nam 2025 danh dau mot bude ngodt trong cong tac quy hoach
va quan 1y d6 thi khi c6 sy diéu chinh 16n vé don vi hanh chinh cip phuong véi viéc
sap nhap cac phuong cii thanh phuong Long An, tinh Tay Ninh. Sy thay d6i nay
khong chi tai cdu trac lai hé thong hanh chinh ma con tao diéu kién thun loi hon
cho viéc quan 1y phat trién d6 thi mot cach dong bd va hiéu qua hon. Bén canh do,
nhiing bién dong trong quy hoach hanh chinh va d6 thi nay dat ra nhu cau cap thiét
trong viéc giam sat sy thay doi bé mit khéng thim va ciing nhu xac dinh xu hudng
mo rong phat trién khong gian d6 thi duoc xem 1a mot thude do quan trong phan
anh mirc do d6 thi héa va anh hudng dén méi truong. Viée theo ddi bé mit khong
thim va xu hudng mo rong do thi s& giup cung cap thong tin chinh xac dé hd tro
cong tac quy hoach khong gian, quan 1y dat dai ciia nha nudc tai phuong Long An.

Day 1a mot trong nhitng vin dé can duoc quan tim va danh gia thuong xuyén huéng
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tGi phét trién kinh té — xa hoi theo huéng bén vimg va thich tmg véi cac bién ddi

moi truong.

Cung v6i su phat trién nhanh chong cua cong nghé vién tham, ngudn dit liéu
anh vé tinh da pho va da thoi gian ngay cang tré nén phong phu cho phép theo ddi
lién tuc sy thay d6i 16p phu bé mit trén dién rong trong khoang thoi gian dai, dic
biét la trong giam sat bé mat khong thdm tai cac khu vuc do thi. Song song do, nén
tang dién toan ddm may Google Earth Engine (GEE) di tré thanh cong cu phd bién
va dugc danh gia cao trong xur ly va phan tich anh v¢ tinh nho kha nang xu ly dir
liéu dung luong 16n gitip giai quyét hiéu qua cac thach thic vé khéi luong va do
phirc tap cua dit liéu [7]. Nho su tich hop cac thuat toan Machine Learning trén nén
tang GEE nhu Random Forest, SVM, CART, k-NN cho phép céc nha nghién ctru
phan loai va nhan dang 16p pha bé mit, cling nhu bé mat khong thim dugc nang
cao dang ké, dong thoi theo dai bién dong theo thdi gian véi d6 chinh xéac cao, tiét
kiém chi phi va thoi gian so voi cac phuong phap truyén théng. Piéu nay dic biét
quan trong trong bdi canh d thi hoa dién ra nhanh chong va thuong xuyén can danh
gia xu hudng bién dong bé mat khong tham (BMKT), tir d6 lam co sé dé dé xuat
cac giai phap quy hoach d6 thi pht hop, huéng dén phat trién bén virg. Dién hinh
14 nghién ctru theo ddi qua trinh d6 thi hoa tai TP Ho Chi Minh thong qua phan loai
bé mat khong tham trén anh vé tinh Landsat giai doan 1989-2019 [1] hay danh gia
xu hudng d6 thi héa TP Can Tho duya trén phén tich bién dong chudi anh Landsat
trong giai doan 1997-2016 [2]. Bén canh viéc sir dung phan tich bién dong khong
gian dé xac dinh sy mo rong d6 thi thong qua so sanh sy thay ddi 16p phu dat theo
thoi gian va khong gian, con c6 nhiéu phuong phap khac danh gia xu huéng mo
rong ctia d6 thi bao gom sir dung chi s6 cudng do mo rong do thi (Urban Expansion
Intensity Index — UEII) [8]; chi sb toc d0 ting truong d6 thi (Urban Growth Rate)
[9]; chi s6 mo rong d6 thi (Urban Expansion Index — UEI); phan tich cac nhan t6
thiic diy mé rong do thi (Driving Factor Analysis) [10] va cac chi s6 lién quan dén
mat d6 dan cu va hiéu qua st dung dat (Population Density, Land Use Efficiency)
[12]. Trong d6, chi s6 cudong do mé rong do thi (Urban Expansion Intensity Index
— UEI) duoc xem la mot trong nhitng thang do phd bién va hiéu qua dugc sir dung
dé phan tich xu huéng mé rong d6 thi gitp phan anh muc do gia ting dién tich dat
d6 thi trong mot khoang thoi gian nhat dinh so voi tong dién tich ving nghién ctru,
cho phép danh gia téc d6 va cuong d6 mé rong khong gian do thi theo ca chiéu

khong gian va thoi gian [8].

Xuét phat tir nhitng phan tich néu trén, bai bdo nay duoc thuc hi¢n voi muc
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tiéu phan tich va danh gia xu huéng mo rong cua bé mit khong thim théng qua viée
tinh toan chi sb cuong d6 mé rong d6 thi (UEIL) theo cac hudng phat trién khong
gian do6 thi. Trong do, thuat toan Random Forest dugc ing dung trén nén tang dién
toan dam may Google Earth Engine (GEE) dé phan loai bé mit khong thdm tai
phuong Long An qua cac thoi diém 2016, 2020 va 2025. Trén co so d6, phan tich
bién dong khong gian tién hanh qua giai doan 2016-2020 va 2020-2025 nham xéc
dinh sy thay ddi khong gian cta bé mit khong tham trong khu vuc nghién cuu.
Ngoai ra, két hop v6i nén tang Google Colab dé xay dung cac biéu dd tryc quan,
hd trg phan tich xu huéng mé rong khong gian ciia bé mat khong thim. Sy tich hop
giita cong nghé xtr 1y dit liéu hién dai va cong cu truc quan hoa khong chi gop phan
nang cao hiéu qua gidm sat d6 thi ma con h tro qua trinh ra quyét dinh dya trén dir
liéu thyc tién, tir 46 dinh hudng phat trién do thi theo hudng bén vimng va cai thién

chat lugng moéi truong song tai dia phuong.

~ Ban db ranh gi¢i phwéng Long An
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Hinh 1. Ban d6 ranh giéi phirong Long An
2. Phuong phap nghién ctru

T4n dung kha niang da phd va da thoi gian ctia anh vé tinh, bai bao sir dung
cac kénh phd trong viing anh sang kha kién va viing hong ngoai tir anh Sentinel-2
(Ievel 1C) v6i d6 phan giai khong gian 10m cho phép gidm sat nhanh chong céc 16p
phu trén bé mat Trai Dat. Anh Sentinel-2 dugc thu thap tai ba mbc thoi gian 2016,
2020 va 2025 (tir dau thang 1 dén cudi thang 6) voi d6 phu may dudi 10% da tao
thanh chudi dit liéu lién tuc nho vao kha nang loc trung vi chudi anh véi ham
median() gitp ting cudng chét lugng anh méi. Bé phan tich xu hudéng mé rong bé
mit khong tham trong qué trinh do thi hoa tai phudng Long An, bai bao thuc hién

theo quy trinh hinh 2 qua cac phuong phap nghién ctru sau.
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Thu thép anh Sentinel 2 Thu thap mau Google Earth
Cét anh theo ranh giéi
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Khong dat

Ban db bién dong
BMKT

Hinh 2. Quy trinh thyc hién

Phuong phép phan loai c6 giam sat. i twong bé mit khéng thim (bao gdm
duong giao thong, via he, mai nha, khu cong nghiép va cac cong trinh ha tang khac)
trén anh Sentinel 2 dugc phan loai béng thudt todn Random Forest (RF) 1a mot k§
thuat trong linh vuc Machine Learning (ML) cho phép may tinh hoc tir dir li¢u va
tu dong dua ra quyét dinh [12,13]. Trén nén tang Google Earth Engine (GEE) ¢
nhiéu thuét toan hoc may da duoc tich hop nham hd trg qué trinh phan tich va phan
loai 4nh vé tinh, bao gém cac phuwong phap nhu Support Vector Machine (SVM),
Classification and Regression Trees (CART) va Random Forest (RF). Trong do, RF
dugc lya chon nho nhiing vu diém ndi bat vé do chinh xac, kha nang téng quat hoa
cao va hiéu qua xir 1y trén dir liéu 16n nho vao tinh hoat dong on dinh ngay ca khi
dir liéu huan luyén c6 nhidu hodc khong phan bd déu, dong thoi giam thiéu hién
tugng qua khop (overfitting) nhd co ché 14y mau va lwa chon thudc tinh ngdu nhién
[13-15]. Viéc tich hop truc tiép RF trong GEE théng qua ham
ee.Classifier.smileRandomForest() cho phép huan luyén va ap dung mé hinh phan
loai nhanh chéng trén nén tang dién toan ddm may. Ngoai cac kénh phd co ban,
viéc tinh toan va tich hop cac chi s6 vién tham nhu NDVI (Normalized Difference
Vegetation Index), MNDWI (Modified Normalized Difference Water Index), IBI
(Index-based Built-up Index) va NDBI (Normalized Difference Built-up Index) gop
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phan nang cao hiéu qua phan loai ciia mo hinh Random Forest. Céc chi s6 nay duoc
xay dung nham 1am ndi bat nhirng dac trung cu thé ctia bé mat nhu tham thyuc vat
(NDVI), nuéc mat (NDWI) hay khu vuc xay dung (IBL, NDBI), tir d6 cung cap
thém thong tin chuyén bi¢t gitip mé hinh phan biét rd rang hon gitta cac 16p phu.
Khi duoc dua vao 1am bién dau vao, cac chi s vién tham nay giup ting kha ning
hoc va giam nhiu cho mé hinh. Nho vy, d6 chinh xac phan loai va kha ning tong
quat hoa cua Random Forest dugc cai thién rd rét so voi khi chi st dung cac kénh
phd [16,17]. Chinh vi thé, dé phan loai BMKT véi thuét thoan RF dat hiéu qua, bai
bao d st dung dir liéu ddu vao bao gdm céac kénh phd trong ving anh sang kha
kién, ving hong ngoai va dong thoi két hop cac chi sé vién tham nhu NDVI.
MNDWI, IBI, NDBI. Bén canh d6, d6 chinh xéac cua két qua phan loai anh v¢ tinh
dugc danh gia thong qua viéc xdy dung ma tran sai sé (Confusion Matrix) va tinh
toan d6 chinh xac toan cuc va hé sé6 Kappa nham do luong mirc d6 nhat quan giira
két qua phén loai va dit liéu thu thap trén Google Earth Pro [18].

Phuong phap phan tich bién dong dugc thyc hién bang cach chong 16p cac bé
mit khong tham nham xac dinh pham vi bién dong khong gian theo cong thirc sau
(1). Trong d6, ID nhét quéan giita hai thoi diém 14 bat budc dé dam bao chinh xac
phan tich bién dong v6i ID = 1 1a BMKT (bé mit khong tham), ID =2 1a BMT (bé
mat tham). Két qua bién dong tra vé ma tran 2x2 gdm 4 truong hop: 101 — BMKT
khong d6i, 102 — BMKT thu hep, 201 — BMKT mé rong, 202 — BMT khong doi.

ID(thoi diém 1) * 100 + ID(thdi diém 2) (1)

Phuong phap phan tich xu hudéng mé rong d6 thi. Bai bao xdy dung biéu do
da cyc thé hién dién tich bé miat khong tham (BMKT) theo cac huéng khac nhau
nham cung cip cai nhin tong quan va tryc quan vé su phan b ciing nhu xu hudng
mé rong cia BMKT qua ba thoi diém. Phuong phap nay gitip d& dang nhéan dién
cac khu vuc ¢ toc do phat trién nhanh hodc cham theo ting huéng, tir d6 hd trg
phan tich chi tiét hon vé mo hinh bién dong khong gian cia bé mat khong tham
trong thoi gian khao sat. Dong thoi, sir dung chi sé cuong d6 mé rong do thi (Urban
Expansion Intensity Index- UEII) phan anh murc d6 gia ting dién tich dat do thi
trong mot khoang thoi gian nhat dinh so véi tong dién tich ving nghién ciru, cho
phép danh gid téc d va cudng dd mé rong khong gian do thi theo ca chidu khong
gian va thoi gian [8]. Nho kha nang so sanh gifra cac khu vue khac nhau hodc gitra
cac giai doan phat trién, UEII thuong duoc st dung rong rai trong cac nghién ctru
quy hoach khong gian, phat trién bén viing va quan 1y str dung dat d6 thi [19]. Chi
sd nay duoc tinh theo cong thuc (2), trong d6 A,q, Ag,la dién tich dat d6 thi (hay
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BMKT) tai thoi diém t1, t2; YAla téng dién tich trong pham vi ranh gidi hanh
chinh; Atla khoang thoi gian gitra hai thoi diém [19,20]. Gia tri cta chi s6 UEII
cang cao cho thiy téc do mé rong do thi tai khu vuc nghién ctru cang 16n. Theo quy
chuin phan loai gia tri UEII duoc d& xuét bai Ren [21], mirc 46 mé rong duoc chia
thanh ndm nhém cu thé: gia tri 16n hon 1,92 thé hién téc do mo rong rat nhanh; tir
1,05 d&én 1,92 1a téc do nhanh; tir 0,59 dén 1,05 1a tdc d6 trung binh; tir 0,28 dén
0,59 1a tbc do cham; va tir 0 dén 0,28 dwoc xem 1a toc do md rong rat cham.

At2—At1

UEIT = YA *At

* 100 2)
3. Két qua nghién ctru va thao luin
3.1. Két qud nghién ciru

3.1.1. Két qud xdy dung ban dé bé mat khéng tham va ban do bién dong

BAN 00 BE MAT KHONG THAM BAN DO B MAT KHONG THAM A Db BE MAT kNG TrHM
PHUGTRG LONG AN, TINH TAY MINH - NAM 2018 PHUGMG LONG AN, TINH TAY NINH - NAM 2020 PHUGM™G LONG AN, TINH TAY NINH - NAM 2025
m

v

3a 3b 3c

Hinh 3. Ban do bé mdt khong tham phwong Long An qua cdc thoi diém 2016 (3a), 2020 (3b) va
2025 (3¢)

Trén nén tang Google Earth Engine (GEE), thuat toan Random Forest d duoc
sir dung dé phén loai céc ddi twong bé mat khong tham tir anh vé tinh Sentinel-2 tai
ba thoi diém khac nhau. Két qua phan loai sau khi dugc bién tap va truc quan hoa
(Hinh 3a, 3b va 3c¢) cho thay xu huéng mé rong dang ké cua bé mat khong thim
theo thoi gian. Cu thé, dién tich bé mat khong tham lan luot tang tr 5,76 km? vao
nam 2016, 1én 7,01 km? vao nam 2020 va dat 10,46 km? vao nam 2025. Xu hudng
gia ting nay phan anh rd nét qua trinh do thi hoa dién ra ngdy cang manh mé tai
phuong Long An (TP Tan An cii) [22,23]. Bén canh do, d0 chinh xac cia mo hinh
phan loai ciing cho thiy mirc d6 tin cay kha cao voi d6 chinh xac tong thé dat 86,5%;
92,8% va 94,3% twong ung cho cac nam 2016, 2020 va 2025. Dong thoi, hé sd
Kappa dat gia tri lan luot 14 0,73; 0,86 va 0,89 cho théy su nhat quan kha cao gitra
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két qua phan loai va thyc té, dong thoi khang dinh hiéu qua tmg dung ctia mé hinh
Random Forest trong viéc giam sat bién dong khong gian cua cac bé mat khong

thim theo thoi gian.
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Hinh 4. Ban do bién dong bé mat khong tham giai doan 2016-2020 (4a) va 2020-2025 (4b)

Su thay doi khong gian bé mat khong thim trong giai doan nghién ctru con
dugc thé hién mot cach truc quan thong qua ban do bién dong (Hinh 4a, 4b) va biéu
d6 bién dong (Hinh 5) gop phan 1am rd hon xu huéng d6 thi hoa ngay cang gia ting
theo thoi gian. Cu thé, trong giai doan 2016-2020 (Hinh 4a), dién tich BMKT m¢
rong dat 2,917 km?, trong khi dién tich thu hep 1a 1,643 km?. Su chénh Iéch gitra
hai gi4 tri ndy cho thay qua trinh d6 thi hoa di dién ra nhung ¢ muc do vira phai véi
su ton tai song song cua ca xu hudéng m¢é rong va thu hep cac khu vuc d6 thi hoa,
¢6 thé do diéu chinh quy hoach hodc cic yéu td ty nhién — xa hoi tic dong. O giai
doan ké tiép 2020-2025 (Hinh 4b), dién tich BMKT m¢ rong ting manh 1én 4,759
km?, trong khi dién tich thu hep giam xudng con 1,396 km?2. Piéu nay phan anh xu
hudéng mo rong khong gian do thi mot cach rd rét va it bi gidn doan boi cac qua
trinh thu hep. Mtrc gia ting manh mé cta dién tich BMKT mo rdng so véi giai doan
true (ting thém khoang 63%) cho thay qué trinh d6 thi hoa da dién ra v6i cudong
dd cao hon, nhiéu kha nang lién quan dén su phat trién nhanh choéng cua co sé ha
tang, khu dan cu, khu cong nghiép va cac cong trinh xay dung khac. Sy thay ddi
trong dién tich BMKT, dac biét 1a xu huéng mo rdng ngady cang tang va xu hudng
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thu hep giam dan 1a mét dau hi¢u quan trong vé cuong dé d6 thi hoa ciing nhu ap
luc Ién tai nguyén dat va moi truong tu nhién. K&t qua nay dat ra yéu cau cap thiét
doi voi cong tac quy hoach va quan 1y do thi theo hudng bén virng, nham can bang
gitra phat trién kinh té va bao vé mdi truong.

Biéu dd dién tich bién dong BMKT

1,396
4,759
B BMET thu hep
o ‘
2,917

u BMKT md réng
2 3 4 5

Dién tich (kmn2)

2020-2025

Giai doan

o
[

Hinh 5. Biéu do dién tich bién déng BMKT qua cdc giai doan
3.1.2. Két qua phdn tich xu huéng mé rong bé mdt khong tham

Dua trén két qua tinh todn dién tich bé mat khong tham nudc (BMKT), c6 thé
nhan thay xu hudng d6 thi hoa dang dién ra véi toe do gia ting theo thoi gian. Trong
giai doan 2016-2020, di¢n tich BMKT tang tir 5,76 km? 1én 7,01 km? twong ung
vo1 muc tang khoang 21,7%. Pay la giai doan d6 thi hoa dién ra tuong dbi cham,
phan anh téc do phat trién ha ting va mé rong khong gian do thi con & muc vira
phai. Tuy nhién, budc sang giai doan 2020-2025, toc do d6 thi hoa ting nhanh rd
rét khi dién tich BMKT tdng manh 1én 10,46 km? tuong (rng vo1 muc tang 49,2%
s0 v6i ndm 2020. Mirc tang gan gép doi so véi giai doan trudc cho thdy sy bung nd
clia cac hoat dong xay dung, mé rong khu dan cu, cong trinh ha tang va khong gian
d6 thi. Piéu nay phan anh rd sy thiic ddy manh mé cta qua trinh do thi hoa trong
nhirg nam gan day, nhiéu kha niang xuat phat tir nhu cau dan s gia ting, cac chinh
sach phat trién kinh t& — xa hoi méi, ciing nhu qua trinh chuyén dich co ciu sir dung

dat dién ra manh mé& hon.

Xu huéng mé rong bé mit khong tham trong khu vire nghién ctru duoc minh
hoa rd nét qua biéu dd da cuc (Polar bar) tai Hinh 6, thé hién su phat trién khong
gian va bién dong theo thoi gian mot cach co hé thong. Trong ba thoi diém theo
huéng Pong Nam (SE) co dién tich khong thim 16n nhét va téc d6 ting trudong
manh nhét, ting tir 1,64 km? ndm 2016 1én dén 2,70 km? vao nim 2025, tuong

duong murc ting khoang 1,06 km? va ty 18 ting khoang 64,6%. Diéu niy cho thiy
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khu vuc nay dang 13 tim diém cia cac hoat dong xay dung v6i khu d6 thi, khu cong
nghiép hoic ha ting giao thong. Cac hudng khac nhu Nam (S) va Dong Béc (NE)
cling c6 sy gia ting manh, 1an luot dat 1,85 km?va 1,35 km? vao nam 2025, chimg
t6 su m& rong dang ké cia cac bé mit khong thim tai nhitng khu vuc nay. Nguoc
lai, cac hudng nhu Béc (N) va Tay Bic (NW) c6 dién tich khong thim tuong dbi
nho va ting trudng cham hon. Cu thé, dién tich tai huéng Béc chi ting tir 0,15 km?
1én 0,37 km? trong sudt giai doan 20162025, cho thiy tc d6 phat trién xdy dung
han ché hoic khu virc nay van giir dugc phan 16n bé mat ty nhién. Hudng Tay (W),
Tay Nam (SW) va Dong (E) co téc do ting trung binh, phan anh sy phat trién do
thi vira phai, khong qua d at nhung van lién tuc. Péang chuy, ¢ hau hét cac hudng,
téc do gia taing dién tich khong tham trong giai doan 2020-2025 nhanh hon so véi
giai doan 2016-2020. Tai huéng Dong (E), dién tich khong thdm chi tang tir 0,58
km? (2016) 1én 0,66 km? (2020), nhung sau d6 ting vot Ién 1,16 km? vao nim 2025.
Tuong tu, huéng NE ting nhe tir 0,50 km? (2016) 1én 0,58 km? (2020) nhung dén
2025 thi dat 1,35 km?2. Diéu nay phan anh tdc do do thi hoa dang duogc déy manh ro
rét trong giai doan sau, dic biét trong giai doan 2020-2025. Mot phan nguyén nhan
c6 thé lién quan dén céc chinh sach phat trién ha tang, tai quy hoach hodc dau tu
xdy dung tap trung trong thoi ky nay.

Xu hudng phan bé bé mat khéng tham (2016-2025)

7 m\ \

u4z°32 vl

( ﬁ e ; oty
I‘
\ / \ 5
Thoi diém 2016 Thei diém 2020 Thoi diém 2025

Hinh 6. Ban do da cuc thé hién xu hwéng phan b6 BMKT

Két qua phan tich cho thiy su mo rong khong gian bé mit khong thim tap
trung chu yéu & cac huéng Dong Nam, Pong Bic va Nam, didu nay co thé lién quan
dén sy tap trung phat trién ha ting va do thi hoa tai cac khu vuc nay. Su gia ting
dién tich khong thdm anh hudng truc tiép dén qua trinh thim thiu nudc va dong
chay bé mat, tir 46 tac dong dén moi trudng va canh quan tu nhién. Cac phat hién

nay c6 ¥ nghia quan trong trong viéc dinh huéng quy hoach str dung dat va quan Iy
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tai nguyén nudc nham kiém soat sy gia ting bé mat khong tham, giam thi€u cac tac

dong tiéu cuc lién quan dén ngap ung va suy giam chat lugng moéi truong.

Ngoai ra, xu huéng phat trién d6 thi con dugc phan anh thong qua chi sd
cuong d6 mo rong (UEID) cho phép danh gia chi tiét mirc do va téc do gia ting dién
tich xdy dung theo ting huéng, tir 46 cung cip cai nhin toan dién vé bién ddi khong
gian do6 thi trong khu vuc phuong Long An (Hinh 7). Trong giai doan 2016-2020,
tbc 46 mo rong do thi con & muc rat cham véi gia tri UEII dao dong tir 0,057 dén
0,214. Huéng c6 UEII cao nhat 1a huéng Nam (S) véi 0,214 cho thiy day 1a khu
vuc phat trién manh nhét trong giai doan dau. Cac huéng Tay Nam (SW) va Béc
(N) ciing c6 chi s6 UEII tuong ddi cao 1an luot 13 0,179 va 0,121. Trong khi do, cac
hudng nhu Pong (E), Pong Bic (NE), Tay Bic (NW) déu c6 UEII thap hon (0,057)
phan anh tdc do mo rong cham hodc on dinh. Sang giai doan 2020-2025, qu4 trinh
d6 thi hoa dién ra manh mé& hon thé hién rd qua viéc chi s6 UEII tang dang ké &
nhiéu huéng. Dang chi ¥ nhit 1a huéng Pong Nam (SE) véi gia tri UEII dat 0,544
cao nhit trong toan b cac hudng va gap gan 7 lan so véi giai doan trude. Hudng
Poéng Bic (NE) dat muc ting manh tir 0,057 1én 0,441 cho thay khu vuc nay dang
tré thanh diém néng mo rong d6 thi méi. Ngoai ra, huéng Pong (E) va Nam (S)
tiép tuc duy tri muc ting truong rd rét v6i chi s6 1an lugt 14 0,286 va 0,332. Nguoc
lai, mot s6 hudng lai ghi nhan sy giam tbc trong m¢ rong do thi. Pang chu y 1a
huéng Béac (N) giam tir 0,121 con 0,028 va huéng Tay Nam (SW) giam tir 0,179
xubng 0,063. Su sut giam nay co thé phan anh su bao hoa khong gian hodc gidi han
vé didu kién phat trién & cac khu vuc nay.

Chi sé cudng d6 mé réng dé thj (UEI)
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Hinh 7. Biéu dé thé hién chi sé cuong do mo rong do thi theo huong
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Qua do, so sanh gitra hai giai doan cho théy mot su chuyén dich 10 rét trong
dinh huéng khong gian d6 thi. Trong khi giai doan dau (2016-2020) tap trung phat
trién vé& phia Nam va Tay Nam thi giai doan sau (2020-2025) lai chuyén dich sy
tang tbc manh m& vé phia Dong va Péng Nam. Diéu nay c6 thé lién quan dén cac
yéu t6 nhu diéu kién dia hinh, chinh sach quy hoach, két nbi ha ting va nhu cau
phat trién cac khu do thi moi.

3.2. Thdo ludn

Qua thuc nghiém phén loai bé mit khong thim (BMKT) bang thuat toan
Random Forest trén nén tang Google Earth Engine, két qua cho thay do tin cdy cao
v6i d6 chinh xé4c tong thé trén 86% va hé s Kappa vuot 0,73 tai cac mdc thoi gian
2016, 2020 va 2025. Dién tich BMKT lién tuc gia tang, dac biét trong giai doan
20202025 véi tbc do mé rong nhanh hon giai doan trude, phan anh rd qua trinh
d6 thi hoa ngay cang gia ting. Sy m¢ rong nay co tinh phan bd khong dong déu
theo huéng, ndi bat & cac hudng Pong Nam (SE) va Dong Béc (NE), trong khi cac
huéng Béc (N) va Tay Bac (NW) c6 xu hudng 6n dinh hodc mé rong cham. Chi s6
cuong d6 mo rong d6 thi (UEII) cho thay toc d6 phat trién xay dung ting rd rét tai
cac hudng trong diém trong giai doan 2020-2025, dong thoi phan 4nh su chuyén
dich dinh huéng khong gian do thi theo thot gian.

Viéc xay dung cac biéu d truc quan hd tro phan tich xu hudng mé rong d6
thi trén nén tang Google Colab dugc thuc hién nhanh chong va tién lgi nho vao viéce
tan dung céac thu vién Python ma ngudn mé. Cach tiép can nay khong chi gitp giam
thiéu thoi gian xir 1y va lap trinh ma con tang tinh linh hoat trong tryc quan hoa dir
liu khong gian. Nho @6, c6 thé dé dang theo doi, so sanh va danh gid xu hudéng
phat trién d6 thi qua cac giai doan, tir 46 dua ra quyét dinh quy hoach hop 1y va kip
thoi. Mic du phuong phap Random Forest cho két qua phan loai tt, nhung van ton
tai han ché trong vi¢c nhan di¢n cac dac trung phirc tap hodc chi tiét nho cia bé mit
khong tham. Dé khic phuc, c6 thé ing dung cac mé hinh hoc sdu nhu mang no-ron
tich chap (CNN) nham nang cao kha nang trich xut dic trung va o chinh xac phan
loai. Bén canh do, viéc két hop chi s6 UEII véi céc chi s6 bd sung nhu tbc 40 mo
rong d6 thi (UER), hé s6 hinh thai khong gian (UFI) va mat d6 xdy dung (BD) sé&
gitip danh gia toan dién hon xu hudng phat trién do thi, tir 46 hd trg hiéu qua cho
cong tac quy hoach, quan 1y va dinh huéng phat trién bén virng tai khu vuc nghién
clru.

4. Két luan

Nghién ciru da tng dung hiéu qua thuét toan Random Forest trén nén tang
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Google Earth Engine dé phan loai va phén tich bién dong bé mit khong thdm
(BMKT) tai phudng Long An trong ba thoi diém 2016, 2020 va 2025. Két qua cho
thiy d6 chinh xac phan loai khé cao, ddng thdi phan anh rd nét xu hudng d6 thi hoa
dang dién ra manh mé, dic biét trong giai doan 2020-2025. Sy gia tang dién tich
BMKT phan b khong dong déu theo cac hudng khong gian, trong dé cac hudng
DPong Nam va Dong Bic dat tbe dd mo rong nhanh. Xu hudng nay duoc luong hoa
13 rang thong qua chi sb cudng do mo rong d6 thi (Urban Expansion Intensity Index
— UEII), cho phép dénh gia dinh lugng mtrc d¢ va huéng moé rong cua do thi qua
ting giai doan. Viéc tich hop mé hinh hoc may véi nén tang vién tham dam may va
hé thdng cac chi s6 danh gia khong gian khong chi nang cao hiéu qua giam sat qua
trinh do6 thi hda, ma con cung cép dit liéu dau vao co do tin cdy cao cho cong tac
quan 1y dat dai va quy hoach khong gian d thi. Cach tiép can nay gdp phan hd trg
cac nha quan 1y va nha quy hoach trong viéc xac dinh cac khu vuc phat trién wu
tién, kiém soat mo rong do6 thi mdt cach hop 1y va hudng td1 muc tiéu phat trién bén

vitng trong bdi canh d6 thi hoa ngdy cang gia ting va phirc tap.
Cam két ciia céc tac gia

Tat ca céac tac gia co tén trong bai bado cam két sy dong thuan va khong co

xung dot 1oi ich trong cong bd khoa hoc tai bai bao nay.
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