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Quda trinh do thi hoa da lam gia tang dién tich bé mat khong tham, gian tiep gay dp luc lén hé
sinh thai xanh dé thi tai thanh pho Thu Purc. Bai bdo nd)‘/ st dung anh vé tinh Sentinel-2 tai thoi diém
2019 va 2024, ket hop thudt toan Random Forest trén nén tang Google Earth Engine, nham xdy dung
ban do khong gian xanh TP. Thu Dirc va phan tich bien dong trong giai doan nghién ciru. Ket qua cho
thay khong gian xanh nam 2024 ¢6 xu huong suy giam so véi nam 2019, tap trung tai cac khu vuc ven
song va phia Dong thanh pho. Viéc tich hop Machine Learning trong phdn loai anh vé tinh da gép phan
ndng cao do chinh xdc, t dong hoa xu Iy dir liéu [om va ho tro hiéu qua cong tac gidm sat khong gian
xanh trong boi canh do thi hoa va bien doi khi hdu ngdy cang gia tang.
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Abstract:

Urbanization has increased the extent of impervious surfaces, indirectly placing pressure on
the urban green ecosystem in Thu Duc City. This study utilizes Sentinel-2 satellite imagery from 2019
and 2024, combined with the Random Forest algorithm on the Google Earth Engine platform, to generate
green space maps of Thu Duc City and analyze changes during the study period. The results indicate a
declining trend in green space by 2024 compared to 2019, particularly in riverside areas and the eastern
part of the city. The integration of Machine Learning in satellite image classification has enhanced
accuracy, automated the processing of large datasets, and effectively supported green space monitoring
amid the growing challenges of urbanization and climate change.
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1. Giéi thi¢u

Khong gian xanh (KGX) duoc hiéu 1a c4c bé mit co su hién dién cua thuc vat, bao
gém cay xanh, cé va cac loai tham thuc vat khéc [1]. Trong d6 thi, KGX 1a phén dién tich
trén mit dat duoc phil xanh, dong vai tro quan trong trong phat trién bén vimg [2]. Khong
gian xanh khéng chi gbp phan cai thién vi khi hau, giam 6 nhiém, bao t6n da dang sinh

hoc ma con nang cao chat luong song va stc khoe cong dong. Tuy nhién, dudi tac dong
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ctia d6 thi hoa nhanh, bién d6i khi hau va khung hoang sinh thai toan cau, khong gian
xanh ngay cang bi thu hep nghiém trong [3]. Tai TP. H5 Chi Minh, dic biét 1a TP. Thu
Puc — d6 thi méi dwoc thanh 1ap vao ngay 1/1/2021 theo Nghi quyét sé 1111/NQ-
UBTVQH14 thong qua viéc sap nhap ba quan cil — qua trinh d6 thi héa dang dién ra voi
tdc 6 nhanh chong, tao ra nhiéu ap luc ddi voi hé théng khong gian xanh. Véi dién tich
khoang 211,6 km? va dan sé vuot 1,2 triéu ngudi tinh dén nam 2023, TP. Tha Puc duoc
xem 1a trung tAm phét trién ning dong & ctra ngd phia Pong TP.HCM, dong vai trd két
nbi ving Péng Nam Bo. Khu vuc nay tap trung nhiéu truc phat trién chién luge nhu Khu
Cong nghé cao, Pai hoc Qudc gia TP.HCM va cac trung tim tai chinh — thuong mai quy
mo 16n. Tuy nhién, sy gia ting nhanh chong vé dan s va ha tang dang dit ra thach thirc
16n d6i voi quy dat khong gian xanh. Cac phuong trung tdm nhu Linh Trung, Hiép Binh
Chanh, Binh Tho... 1a nhitng khu vuc chiu tac dong ro rét, khi dién tich cdy xanh ngay
cang bi thu hep dé nhudng chd cho cac cong trinh xay dung, dan dén sy suy giam ca vé
dién tich 14n chét luong mang xanh d6 thi. Ciing v6i d6, TP. Thii Dirc ndm trong ving
khi hau nhiét déi gié mua, c6 nén nhiét dé cao quanh nam, trung binh khoang 28.,4°C, véi
nhitng dot nong c6 thé 1én dén 37°C vao mua kho. Trong diéu kién khi hau nhu vay,
khong gian xanh déng vai tro thiét yéu trong viéc didu hoa vi khi hau d6 thi, giam thiéu
hién tuong ddo nhiét. Tuy nhién, sy suy giam dién tich cdy xanh do do thi hoa dang khién
khu vuc nay ddi mat véi tinh trang gia tang nhiét do cuc bd 2-3°C so vdi vung ngoai 0,
lam trdm trong thém céc van dé vé sic khoe, nang luong va moi trudng sdng ctia ngudi
dan.Mic du chinh quyén di dé ra myc tiéu trong khoang mot triéu cdy xanh trong giai
doan 2021-2022 va quy hoach thém nhiéu cong vién, ty 1¢ khong gian xanh binh quan
hién nay chi dat khoang 0,5 m?/nguoi — thip hon nhiéu so véi chi tiéu 7 m2/ngudi theo
quy hoach d6 thi bén viing [4]. Trong giai doan 20152019, dién tich mang xanh giam
0,58%, cay co6 tan giam 6,57%, trong khi cay bui va co lai tang dén 43,89% [5]. Mac du
TP. Tha DPirc dugc dinh hudng tré thanh thanh phé théng minh, tap trung vao phat trién
cong nghé va gido duc, nhung tdc dd d6 thi hoa vuot kiém soat da khién nhu cau dat & va
ha tang ting manh, dan dén viéc chuyén d6i dat nong nghiép va mang xanh thanh dat xay
dung. Viéc theo ddi, danh gia bién dong khong gian xanh 1a can thiét dé hd tro cong tac
quan 1y quy hoach va phat trién bén vimg. Day 1a thach thirc 1on doi hoi nhitng giai phap
quy hoach hop 1y va chinh sach bao vé KGX dé dam bao phat trién bén vimg.
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Su phat trién manh m& cua cong nghé vién tham trong nhitng thap ky gan day da
mang lai ngudn dir liéu phong phu va cong cu xt 1y hién dai, dic biét khi két hop véi hé
théng thong tin dia Iy (GIS). Nhitng céng nghé ndy déng vai trd quan trong trong giam
sat tai nguyén thién nhién, theo ddi bién dong str dung dit va quan 1y méi trudng, dic biét
la trong giam sat khong gian xanh d6 thi [6]. Google Earth Engine (GEE) 1a m{t trong
nhitng nén tang ndi bét trong linh vyc nay c6 kha ning vuot trdi trong viéc xir Iy va phan
tich dir liéu anh v¢ tinh c6 dung luong 16n trén nén tang dién toan ddm may, tich hop kho
dir liéu khéng 16 nhu Landsat, Sentinel, MODIS,... cung vdi cac cong cu lap trinh va truc
quan héa manh mé& [7]. Piéu ndy gitp cic nha nghién ctru c6 thé dé dang theo ddi bién
dong cua KGX theo thoi gian v6i do chinh xé4c cao va tiét kiém chi phi. Trong bdi canh
dd thi héa nhanh chong, GEE trd thanh cong cu hitu hidu hd trg danh gid xu huéng suy
giam KGX va dé xuét giai phap quy hoach phu hop [8]. Viéc tich hop cac thuat toan
Machine Learning nhu Random Forest, SVM, CART, k-NN, ... véi GEE da nang cao
dang ké hiéu qua phan loai anh vé tinh va nhan dang 16p phti bé mat [9-13]. Nhimng thuat
toan nay c6 kha nang xir Iy khdi lugng dir liéu 16n, nhan dién mau phic tap va nang cao
dd chinh xac trong phan tich. Trong d6 Random Forest (RF) 1a mdt trong nhiing thuat
toan toi wu do kha nang xt 1y hiéu qua dit liéu da chiéu tir anh vé tinh, dic biét 1a anh
vién tham da phd. RF ¢ uu diém ndi bat vé do chinh xéc, it nhay cam véi nhiéu va dir
liéu khong can bang, dong thoi khong yéu cau chuan hoa dau vao nhu cac mé hinh SVM
hay k-NN. Bén canh dé, RF it phu thudc vao tham sé va cho phép danh gia tim quan
trong cua ting bién, gitip nang cao kha ning giai thich két qua. Nhiéu nghién ctru trudc
cling khfmg dinh RF thuong dat hi¢u suét cao hon so véi cac thuat toan nhue CART, SVM
hay k-NN trong phan loai 16p phii bé mat [11-13]. Thém vao d6, khi tmg dung trén GEE,
qué trinh phan tich dién ra nhanh chong, co thé mé rong va cap nhat lién tuc theo thoi
gian thuc [14-16]. Pay la phuong phap tiép can hiéu qua trong theo ddi bién dong khong
gian xanh va st dung dat dudi ap luc do thi hoa, gbp phan vao cong tic giam sat tai
nguyén va quy hoach phat trién bén viing. Xuat phat tir phan tich trén, bai bao nay duoc
thyc hién v6i muc tiéu gidm sat bién dong khong gian xanh tai TP Thu Duc giai doan
2019-2025 bang thuat toan Random Forest ctia Machine Learning trén nén tang dién toan
dam may GEE. Bén canh d6, Earth Engine App con dugc xay dung nham tryc quan hoa

tinh hinh bién dong KGX.
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2. Phwong phap nghién ciru

Bai bao sir dung cac kénh phd trong ving kha kién, ving hdng ngoai cta anh vé
tinh Sentinel 2 level 2A da dugc hi€u chinh khi quyén, hiéu chinh burc xa voi d0 phan giai
khong gian 10m duogc thu thap vao mua kho tai 2 thoi diém 2019 va 2024 (bang 1) véi
d6 phi may dudi 10% dugc cung cap bai to chitc European Space Agency (ESA).

Bang 1. Thong tin thu thdp anh Landsat

Thoi gian ID énh Loai vé tinh
27/02/2019 COPERNICUS/S2 SR Sentinel 2 level 2A
22/03/2024 COPERNICUS/S2 SR Sentinel 2 level 2A

Theo ddi bién dong khong gian xanh tir anh vé tinh Sentinel-2, nghién ctru sir dung
phuong phédp phan loai c6 giam sat véi thuat toan Random Forest (RF) — mét ki thuat
trong linh vuc Machine Learning (ML), von tip trung vao viéc phat trién cdc mé hinh
toan hoc nhim cho phép may tinh hoc héi tur dit liéu va ty dong dua ra quyét dinh [17].
Trong bdi canh vién tham, ML ngay cang dong vai trd quan trong trong viéc xir 1y va
phan tich khdi lugng 16n dir liéu 4nh nhd kha ning nhan dién mau, phan loai va du doan
chinh x4c. Cac phuong phap nay da chirg minh hiéu qua trong nhiéu linh vyc nhu quy
hoach d6 thi, giam sat moi trudng va quan 1y tai nguyén thién nhién [5-15]. Trén nén tang
Google Earth Engine (GEE) gdm nhiéu thuét toan hoc may nhur Support Vector Machine,
Classification and Regression Trees,... va dic biét 1a Random Forest, dugc tich hop dé
hd trg qua trinh phan tich anh vé tinh. Random Forest 1a mé hinh bao gom tap hop nhiéu
cdy quyét dinh (decision trees), trong d6 mdi cdy dugc xay dung tir mot tip con ngiu
nhién cua dir liéu huén luyén va cac dac trung (features) cling dugc chon loc ngéu nhién
khi phan chia nut. Piéu nay gitp ting cudng kha ning tong quat hoa ctia mo hinh, giam
thiéu hién twong qua khdp (overfitting), ddng thdi nang cao d6 chinh xac trong phén loai
hodc hdi quy [17]. Thuat toan RF str dung phuong phap bagging dé tao ra cic mau huin
luyén khac nhau bang cach 1dy mau ngau nhién c6 hoan lai tir tap dit liéu gdc. Mdi cay
trong rung hoc trén mot tdp mau riéng biét va Kkét qua du doan cudi cung dugc dua ra
thong qua viéc tong hop (voting hodc trung binh) két qua tir tit ca cac cdy [15,18]. Nho
do, RF dac biét phu hop voi cac bai toan xur 1y dir li¢u 16n va da chiéu nhu anh vién tham,
mang lai hiéu qua cao trong viéc phan loai 16p phi bé mit, bao gdm giam sat sy thay doi

cua khong gian xanh.
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Pé danh gia do chinh xac két qua phan loai anh vé tinh, bai bao 4p dung phuong
phap 1ap ma tran sai s6 (Confusion Matrix). Day 1a phuong phap phd bién trong phan tich
vién tham, cho phép xac dinh mirc d6 chinh x4c tong thé va mirc d6 nham 13n gitra cac
16p dbi tugng [14]. Cac chi s6 danh gia chinh bao gdm: D6 chinh x4c téng thé (Overall
Accuracy — OA): ty 18 phan trim cac diém duoc phén loai dung so vé6i tong s6 mau kiém
tra; Hé s Kappa: do luong muc do nhét quén gitra Kkét qua phan loai va dir li¢u thyc té,
d3 hiéu chinh theo su tring hop ngiu nhién. Theo thang danh gia, hé sé Kappa c6 gia tri
tu: 0,4-0,6: mire dJ chinh xac trung binh; >0,6-0,8: chinh xac tot; >0,8—1,0: chinh xéac
rat t6t [14].

Anh
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nam 2019,

Ban db bién

dong khong
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Hinh 1. Quy trinh thuc hién
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Qua trinh theo doi bién dong khong gian xanh trén dia ban TP. Thu Buc dugc thuc
hién théng qua dit liéu anh vé tinh Sentinel-2, 4p dung trén nén tang Google Earth Engine
(GEE). Quy trinh phéan tich dugc mo ta tai Hinh 1, gém hai budc chinh: Phan loai khong
gian xanh tir anh vé tinh st dung thuét toan Random Forest, trién khai bing ngén ngi
JavaScript trén GEE; Phén tich bién dong khong gian xanh trong giai doan 2019-2024,

dua trén anh da phan loai va dugc tinh toan bién dong theo cong thuc:
ID(2019) * 100 + ID(2024)

Trong d6: ID 1a ma sb dai dién cho timg 16p d6i twong sau phéan loai; Ddi tuong
khong gian xanh dugc gan ID = 1; cac ddi twong khic duoc gan ID = 2; Viéc nhan véi
100 gitp ma hoa thuan tién cho viéc tao ma tran bién dong, tuy nhién hé s6 nhan nay co
thé thay doi tiy muc dich (10, 1000, 10000 déu c6 thé st dung). Mt khac, viéc dam bao
tinh thong nhat vé ma ID giira hai thoi diém 13 yéu cau bat budc dé dam bao do chinh xéac
trong phan tich bién dong. Trong qua trinh tinh toan, GEE hd trg thuc hién phép nhan
bang ham multiply() va phép cong bang ham add() — gitip chuan hoa qua trinh ma héa va
so sanh anh tai hai thoi diém. Két qué phan tich dugc thé hién dudi dang ma tran 2x2,
phan anh bdn trudng hop bién dong dién hinh gitra nam 2019 va 2024, cu thé:

|101 102
201 202

Trong d6: dudng chéo vai ma 101, 202 1a nhimg ddi twong khong bién dong, ngugc
lai ma 102, 201 1a nhitng ddi twong bién dong theo khong gian va thoi gian. Cu thé timg
ma s€ mang mot loai bién dong nhu sau:

101 14 d6i tugng khong gian xanh khong bién dong (do ID = 1 qua hai thoi diém
khong d6i)

102 1a ddi twong khong gian xanh thu hep/giam (do ID = 1 tai thoi diém 2019
chuyén thanh ID =2 tuong {ing tai thoi diém 2024 nghia 1a ddi twong khong gian xanh
chuyén thanh dbi tuong khéc)

201 1a ddi twong khong gian xanh mé rong/ting (do ID = 2 tai thoi diém 2019
chuyén thanh ID =1 tuong {ng tai thoi diém 2024 nghia 1a dbi twong khac chuyén thanh

dbi tuong khong gian xanh)
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202 1a d6i tuong khac khong bién dong (do ID = 2 qua hai thoi diém khong doi)

Phuong phap nay khong chi cho phép phat hién nhanh chong cac khu vuc suy gidm
hodc gia tang dién tich cdy xanh, ma con la cong cu hiru hiéu trong quy hoach do thi,
giam sat moi truong, va theo ddi dién bién st dung dat theo thoi gian. Ngoai ra, mot budc
kha quan trong trong quy trinh 13 xay dung khoa giai doan, dya trén cac yéu t6 hinh anh
nhu mau séc, dd sang, cdu tric, hinh dang, kich thuéc va mdi quan hé khong gian giita
cac doi tuong,.... Cac dac diém nay dugc phan tich trén to hop kénh NIR-Red-Green
(B8-B4-B3) ciia anh Sentinel-2 va dugc ddi chiéu voi Google Earth Pro nham dam bao
tinh chinh x4c. D& phan loai khong gian xanh, bai bao 1y 600 mau huin luyén tai mdi
thoi diém tuong Gmg 2019 va 2024 phuc vu cho cdng tac phan loai. Pong thoi thu thap
ngau nhién 800 mAu tai 2 thoi diém bang cong cu Historical Imagery trén Google Earth
Pro (Hinh 2) d¢ tién hanh d4nh gia do chinh x4c thong qua ma trén sai sd, tinh toan sai s6

toan cuc va hé sé Kappa [14].

= mem— = e

Hinh 2. Ldy mau déanh gid thoi diém 2024 trén Google Earth Pro
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3. Két qua nghién ciru va thao luin
3.1. Két qua nghién ciru .
3.1.1. Ket qua xdy dung ban do khong gian xanh

Trén nén tang Google Earth Engine, thuat toan Random Forest dugc su dung dé
phan loai di twong khong gian xanh tir anh Sentinel-2 tai hai thoi diém: ndm 2019 va
2025. Két qua phan loai sau d6 dugc bién tap va truc quan hoa bang phan mém ArcGIS
Pro, thé hién qua Hinh 3 va Hinh 4 cho thay khong gian xanh cht yéu phan bé tap trung
phia Dong, Pong Bic, Dong Nam va phan b khong déu ¢ phia con lai do bé mit khong
thAm ngay cang md rong. Bén canh do, két qua danh gia d6 chinh xac cho thdy mé hinh
dat do tin cdy cao véi do chinh xéc téng thé (Overall Accuracy) lan Iuot 1a 96,62% va
97,73% va hé s6 Kappa dat 0,93 dén 0,96 twong tmg véi hai thoi diém nghién ciru.

BAN DO KHONG GIAN XANH NAM 2019

106739 10540 106°41E 106°42¢€ 106%43E 106°44°E 106°45°E 106746 106%47E 106245 106°45°E 106°S0°E 106°51€ 106%52° 106°SY'E 10654

10PSAN

10°5TN
I
T
10°5TN

3]
10°57N

10P5IH
10°51H

1P 50N

107478
10°50N

T
107498

10°48%
T
10°48W

CHU THiCH

I Knhdng gian xanh
D4 tugng khéc

1oPaTN
10o4TN

N
246N

10%45N

0 125 25 5 7.5 10
[ — Kilometers

104N

3 T T T T T T T T T
106739 108°40% 106"ALE 108™2ZE 106°43E L0644 'E 106745 E 10646 106%47E 106°45E 106™5E 106"S0E 106°S1'E 106°52°E 106°52'E 106734

Hinh 3. Ban do khéng gian xanh thoi diém 2019
Biéu d0 thdng ké dién tich khong gian xanh theo timg phuong trén dia ban TP. Tha
Pric trong hai thoi diém 2019 va 2024 cho thay xu hudng suy giam nhe tai phan 16n céc
phuong dugce thé hién qua hinh 5. Dién bién nay phan anh hé qua tit yéu cta qua trinh do
thi hoa dién ra voi téc d6 nhanh chéng, khi quy déat tw nhién ngay cang bi thu hep dé
nhudng chd cho cac hoat dong xay dung, mo rong ha ting va phat trién kinh té. Dic biét,
cac phuong nhu An Pha, Thao Pién, Thi Thiém va Binh Trung Pong — vbn c6 vi tri dia
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ly thuan lgi va tde do phat trién kinh té cao — déu ghi nhan sy sut gidm ro rét vé dién tich
cdy xanh. Thyc trang ndy cho thiy ap luc ngdy cang gia ting tir viéc chuyén d6i muyc dich
sir dung dat, trong d6 khong gian xanh phai nhudng chd cho nha ¢, thuong mai va dich
vu. Bén canh d6, mot sb phuong tai TP. Thua Buc van duy tri dugc dién tich khong gian
xanh twong dbi 16n, dién hinh nhu Long Phuéc (1.404,78 ha), Long Trudng (620,28 ha),
Long Thanh M¥ (584,95 ha), Truong Thanh (468,91 ha), Phu Hitu (510,4 ha) va An Phu
(427,58 ha). Pay chu yéu 1a nhitng khu vuc ven d6 thi c6 mat d6 xay dung thip va con
giit dwgc mang xanh ty nhién, qua d6 gép phan duy tri cdn bang sinh thai cho toan khu
vuc. Tuy nhién, ngay ca cac phuong ven d6 nhu Long Phudc, Long Binh va Long Thanh
M§ — vbn timg giit vai trd 1a khong gian xanh chu luc cta thanh phd — ciing dang d6i mit
vi nguy co suy giam dién tich xanh do sy mé rdng cta cac dy an nha &, khu cong nghiép
va cac cong trinh giao thong. Nguoc lai, dbi véi cac phuong nhu Phude Binh (20,64 ha),
Binh Tho (30,25 ha), Binh Chiéu (151,39 ha), Hiép Phu (54,57 ha) va Tam Binh (56,7
ha) lai c6 dién tich khéng gian xanh thap, phan anh r& nét mic d6 d6 thi hoa cao va su

thu hep quy dat danh cho cdy xanh do nhu ciu phat trién ha tang va gia ting mat do xay

dung.
BAN PO KHONG GIAN XANH NAM 2024
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Hinh 4. Ban d6 khéng gian xanh thoi diém 2024
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Tuy nhién, so v6i nim 2019, dién tich khong gian xanh tai nhiéu phuong thudc TP.
Thu Pt vao thoi diém nam 2024 da ghi nhan xu hudng giam nhe, dac biét 1a ¢ nhitng
khu vye ndm doc theo céc tryc giao thong chinh hodc dang trai qua qué trinh chuyén doi
muc dich sir dung dat nhdm phuc vu phat trién d6 thi. Su suy giam nay phan anh nhiing
ap luc ngay cang 16n tir nhu cau mé rong ha tang k¥ thuat, xay dung nha &, khu thuong
mai va cc cong trinh cong cong. Khi dién tich dat danh cho phat trién d6 thi gia ting,
khong gian xanh thuong 1 d6i tuong bi 14n chiém hoic thu hep dau tién, do khong truc
tiép tao ra 1gi nhuén kinh té ngén han. Trong bdi canh do, viéc phan tich dién tich khong
gian xanh theo don vi hanh chinh — cap phuong — déng vai trd quan trong trong viéc nhan
dién céac khu vuc can uu tién bao vé hodc phuc hdi hé sinh thai do thi. Cach tiép can nay
khong chi gitip 1am rd hién trang phan bd khong gian xanh trén dia ban thanh phd ma con
hd tro qua trinh ra quyét dinh trong quy hoach st dung dét, dic biét & nhirng dja ban c6

tdc d6 do thi hoa nhanh hodc mat do dan sd cao.

THONG KE DIEN TICH KHONG GIAN XANH THEO CAC
PHUONG CUA TP THU PUC TAI THOI PIEM 2019 VA 2024

——Théi diém 2019

——Théi diém 2024
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Hinh 5. Biéu do thong ké dién tich khéng gian theo phuwong

3.1.2. Két qua xdy dwng ban do bién dong khéng gian xanh

Qua trinh bién dong mang xanh tai TP. Tha Pirc ¢6 xu hudng giam nhe tir nam 2019
dén 2024 dugc thé hién qua hinh 6 véi bdn 16p: khong gian xanh khong bién dong (xanh
1a dam), khong gian xanh ting (vang), khong gian xanh giam (do) va cac dbi tuong khéc
khong bién dong (x4m). Qua tinh toan va thong ké khong gian cho thay khong gian xanh
khong bién dong chiém dién tich 16n voi 6.159,32 ha (29,1%), phan bd chu yéu tai cac
khu vuc ngoai thanh nhu Long Phudc, Long Binh va ving ven séng Dong Nai. Day 1a

34 The Magazine of Geodesy - Cartography has been in operation since 1970.


https://www.geocartagis.org/
https://www.geocartagis.org/

Magazine of Geodesy — Cartography Tap chi Tric dia - Ban db
Vol 11, N° 03 (06/2025), ISSN: 2615-9481 Tap 11, S5 03 (06/2025), ISSN: 2615-9481

nhimng khu vuc c6 dat nong nghiép, rimg cay hodc chua bi do thi hoa, cho thiy tinh 6n
dinh cia mang xanh tu nhién. D4i v6i, tinh hinh khong gian xanh giam véi 2.472,68 ha
(11,7%) tap trung tai cac phuong trung tdm nhu Linh Trung, Linh Chiéu, Truong Tho va
mot phén Théo Pién — noi ¢6 tde do d6 thi hoa cao, kéo theo nhu cdu md rong ha t'?lng va
nha &, dan dén thu hep dién tich cdy xanh. Tuy nhién, khong gian xanh ting c6 dién tich
14 1.490,77 ha (7%) phan bd rai rac, ndi bat quanh khu Pai hoc Qubc gia TP.HCM va mot
s6 khu vie ven song. Su gia ting nay phan anh tic dong tir cac chuong trinh trong ciy
xanh, cai tao canh quan va xay dung cong vién méi. Cac ddi tugng khac khong bién dong
chiém phén 16n khu vyc trung tam, thé hién su on dinh vé hién trang su dung d4t cua cac
khu dan cu va co sé ha ting hién hiru. Nguyén nhan bién dong cha yéu dén tir tbe d6 do
thi héa nhanh sau khi Thu Dtrc dugc nang cép thanh thanh phé true thuoc TP.HCM. Dién
tich cdy xanh bi thu hep dé nhuong chd cho phat trién ha tang, nha ¢ va dich vu. Trong
khi d6, cac chuong trinh tréng cdy xanh va mé rong khong gian cong cong chi dong vai
trd cuc bo va chua du bu dap phan dién tich ¢a mét. Nhitng khu vuc giit duoc khong gian
xanh thuong thudc quy hoach dat nong nghiép, cong vién hodc ving ngp ven séong — noi

it bi tdc dong bd1 qua trinh do thi hoa.

Bin dé blen dung khung gian gian tai thanh pho Thi Pie glan doan 2019 2024
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Hinh 6. Ban d6 bién déng khéng gian xanh giai doan 2019-2024
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3.1.3. Két qua xdy dung Earth Engine App

Ngoai ra, bai bio con xdy dung Earth Engine App dé truc quan hoé dién bién thay
d6i khong gian xanh tai TP Thu Duc giai doan 2019-2024 (Hinh 7) v6i kha ning hién thi
ban dd phan loai 16p phu khong gian xanh cho hai thoi diém nam 2019 va 2024, cing voi
16p ban do thé hién bién dong khong gian xanh. Earth Engine App App con tich hop biéu
d6 thdng ké ty 1& dién tich cua cac nhoém bién dong (ting, giam, khong thay ddi), giup
nguoi dung dé dang nhan dién xu hudéng va mirc d thay doi khong gian xanh theo khu
vuc. Giao dién ung dung dugc thiét ké than thién, truc quan va co thé truy cap cong khai
thong qua lién két chia sé. Viéc trién khai GEE Apps khong chi don gian hoa qua trinh
truyén dat két qua dén nguoi ding, ma con gdp phan nang cao tinh minh bach, kha ning
truy cdp va tai s dung dit liéu phuc vu cac nghién ctru tiép theo hodc hoat dong quan ly

d6 thi bén ving.
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Hinh 7. Trwee quan hod khéng gian xanh tai TP Thii Pirc giai doan 2019-2024 bang Earth Engine App

3.2. Thdo ludn

Thong qua viée khai thac anh vé tinh Sentinel-2 tai hai thoi diém (2019 va 2024)
két hop véi thuat toan phan loai Random Forest trén nén tang Google Earth Engine
(GEE), bai bao di xiy dung thanh cong ban d6 phan loai khong gian xanh ctia TP. Thu

Pric va phan tich xu hudng bién dong trong giai doan nghién ctru. Két qua cho thay dién
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tich khong gian xanh ndm 2024 ¢6 xu hudng suy giam so voi nam 2019, dac biét tai cac
khu vuc ven song, ving cong vién, dat trong va dat nong nghiép ¢ ria d6 thi. Nguyén
nhan chu yéu dan dén suy giam khong gian xanh tai TP. Tha DPtrc duoc xac dinh 1a do
qua trinh d6 thi hoa dién ra nhanh chéng va thiéu kiém soat. Su phat trién manh mé vé
dan s6 va kinh té kéo theo nhu ciu ngdy cang cao vé nha &, co so ha tang, giao thong va
dich vu d6 thi. DPiéu nay din dén viéc chuyén d6i muc dich sir dung dat tir cac khu vuc
ciy xanh, dit nong nghiép, hodc dat trong sang cac loai hinh sir dung dat mang tinh phi
sinh thai nhu khu dan cu, khu cong nghi€p va cong trinh xay dung. Bén canh do, tdc do
d6 thi hoa thudng vuot truée quy hoach, khién nhiéu khu vyuc cay xanh bi 1an chiém hoic
khong duge tich hop day du trong ké hoach sir dung dat dai han. Viéc thiéu cac chinh
sach bao vé va quy dinh phap 1y rd rang vé bao ton khong gian xanh ciing gop phan lam
gia tang ap luc chuyén d6i dat. Hé qua 1a khong chi dién tich mang xanh bi thu hep ma
con anh hudng tiéu cuc dén vi khi hau do thi, da dang sinh hoc va chat lugng sdng cta cu
dan. Mac du dat dugc nhiing két qua kha tin cdy nhung bai bao van con tdn tai mot sb
han ché. Tht nhét, bd dit liéu huin luyén va kiém tra dugc thu thap thu cong, nén cod thé
chua phan éanh dﬁy du su da dang cua céc loai 16p phu thuc dia. Thir hai, viéc phan loai
chi giéi han ¢ hai nhom chinh (khong gian xanh va khong gian khac) lam giam mutc do
chi tiét va kha ning tmg dung sau hon trong céc linh vuc nhu quy hoach cay xanh hay
giam sat da dang sinh hoc. Thir ba, nghién ctru méi chi sir dung anh tai hai thoi diém riéng

biét, chua phan anh day du dién bién khong gian xanh theo chudi thoi gian lién tuc.

4. Két lun

Dua trén anh vé tinh Sentinel-2 tai thoi diém 2019, 2024 va thuét toan Random
Forest tich hop trén Google Earth Engine, bai bio di xdy dung ban db khong gian xanh
TP. Thu Pirc va phan tich bién dong trong giai doan 5 nam. Két qua cho thiy khong gian
xanh nim 2024 c¢6 xu hudng suy giam so v6i nam 2019, phan bd tap trung tai cac khu
vuc ven séng, cong vién,.. & phia Pong thanh phé. Qua do, viéc tmg dung cac thuat toan
Machine Learning trong phén loai anh vé tinh khong chi 1 budc tién quan trong trong
nang cao d6 chinh xac phén tich khéng gian, ma con tao tién dé viing chic cho cong tac
giam sat bién dong khong gian xanh ndi riéng va theo ddi bé mat Trai Dat, quan 1y tai

nguyén thién nhién néi chung. Cach tiép can nay gitp tu dong hoa quy trinh xir Iy dit liéu
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16n, tang kha ning phat hién sém cac thay doi va hd tro ra quyét dinh hiéu qua trong bdi

canh d6 thi hoa va bién d6i khi hau ngay cang phtrc tap.

Cam két cia cac tac gia

Tat ca cac tac gia c6 tén trong bai bao cam két sy déng thuan va khong co xung dot

loi ich trong cong bd khoa hoc tai bai bao nay.
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