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Abstract: This study investigates changes in vegetation cover and their relationship with
urbanization in Hanoi from 2000 to 2023. Landsat optical imagery was used to derive Normalized
Difference Vegetation Index (NDVI) and Normalized Difference Built-up Index (NDBI) indices,
while statistical analyses (trend, correlation, and regression) assessed spatiotemporal dynamics.
Results reveal significant vegetation loss in peri-urban districts such as Nam Tu Liem
(-690 ha), Hoai Duc (-650 ha), Ung Hoa (629 ha), and Ha Dong (-588 ha), whereas increases were
observed in Ba Vi (+807 ha), Gia Lam (+664 ha), and Son Tay (+230 ha). Inner-city districts (e.g.,
Hai Ba Trung, Hoan Kiem, Ba Dinh) experienced slight greening. NDVI-NDBI correlations show
that over 56% of the city’s area exhibits a strong negative relationship (r < -0.5), underscoring the
close link between urban expansion and vegetation decline. These findings highlight areas most

affected by urbanization and provide a scientific basis for urban planning, sustainable development,
and environmental protection in Hanoi.
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Panh gia bién dong do che phu thuc vat va mbi quan hé

v61 do thi hoa tai thanh phé Ha Noi giai doan 2000-2023
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Hoa Thay Quynh', Ngu~y5n Thanh Hoan®, Nguyén Anh Tuan?,
H6 Lé Thu!, Nguyén Vin Diing?, VO Trong Hoang™”

YWién Cac Khoa hoc Trdi dat, Vién Han lam Khoa hoc va Cong nghé Viét Nam,
84 Chua Lang, D(fng Pa, Ha Noi, Viét Nam
2Truwong Quoc té, Pai hoc Quéc gia Ha Ngi, 144 Xudn Thuy, Cau Gidy, Ha Néi, Viét Nam

Nhan ngay 10 thang 6 ndm 2025
Chinh stra ngay 8 thang 9 nam 2025; Chap nhan dang ngay 25 thadng 9 nam 2025

Tém tit: Nghién ctru ndy phan tich su bién d6i dién tich 16p phu thuc vat va méi quan hé cua ching
véi qua trinh d6 thi hoa tai Ha Noi giai doan 2000-2023. Anh v¢ tinh Landsat dugc sir dung dé tinh
toan Chi sb khac biét thuc vat (NDVI) va Chi sé khéc biét xay dung (NDBI), dong thoi cac phuong
phép phan tich théng ké (xu hudng, twong quan, hdi quy) dugc &p dung nhim danh gia bién dong
khong gian — thoi gian. Két qua cho thy 16p phu thuc vat suy giam manh tai cac huyén ngoai thanh
nhu Nam Tur Liém (=690 ha), Hoai buc (-650 ha), Ung Hoa (629 ha) va Ha Pong (-588 ha), trong
khi ting tai mot s6 dia phuong nhu Ba Vi (+807 ha), Gia Lam (+664 ha) va Son Tay (+230 ha). O
khu vyc ngi thanh, dién tich cdy xanh ting nhe tai mot s6 quan nhu Hai Ba Trung, Hoan Kiém va
Ba Dinh. Phan tich tuong quan NDVI-NDBI cho thiy hon 56% dién tich toan thanh phé cé hé sé
tuong quan am manh (r < —0,5), phan anh mdi lién hé chat ché giita d6 thi hoa va suy giam 16p phu
thuc vat. Cac két qua nay gop phan xac dinh nhirng viing chiu tac dong rd rét cua do thi hda, déng
thoi cung cap co sé khoa hoc cho cong tac quy hoach d6 thi, phat trién bén viing va bao vé moi

truong tai Ha Noi.

Tir khéa: Bién dong thuc vat; NDVI; d6 thi hoa, NDBI, Ha Noi.

1. Mé dau

L6p phu thuc vat dong vai tro thiét yéu trong
céc hé sinh thai ty nhién va méi truong séng cia
con ngudi, gop phan didu hoa khi hau, bao tén
da dang sinh hoc, giam thiéu nguy co ngp ting
va tao lap khong gian song lanh manh. Tuy
nhién, trong bdi canh d6 thi hoa dién ra nhanh
chong tai nhiéu thanh phd trén thé gisi — dic biét
1a & cac qubc gia dang phat trién nhu Viét Nam
— 16p phu thuc vat dang chiu stic ép suy giam
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manh mé ca vé dién tich va chat lugng. Theo Cuc
Ha tang k¥ thuat (Bo Xay dung), ty 1é cdy xanh
binh quéan ddu nguoi & cac d6 thi Viét Nam chi
dat 2—-3 m?/ngudi, thip hon nhiéu so v4i ngudng
t6i thiéu 10 m?/nguoi theo khuyén nghi ciia Lién
Hop Qudc va tiéu chudn 20-25 m*ngudi tai cac
do thi hién dai.

Nhiéu nghién ctru di ung dung cong nghé
vién tham va GIS dé phan tich bién dong 16p phu
thuc vat & cac quy mo va bdi canh khac nhau
[1-3]. M6t s6 nghién ciru tap trung vao giam sat


https://doi.org/10.25073/2588-1094/vnuees.4

H. T. Quynh et al. / VNU Journal of Science: Earth and Environmental Sciences 3

bién dong 16p phu thuc vat ¢ cac vung kho han,
ban kho han [4-7]; nghién ctru udc lugng do che
phu tan ciy (canopy cover) trong cac hé thdng
canh tac nong nghiép, cho thady NDVI c6 thé
duoc st dung dé hiéu chinh cac mo6 hinh mé
phong sinh truong cay trong, hd trg quan 1y nong
nghi€p chinh xac [8-10]; hodc phan loai trang
thai rung & khu vuc Tay Nguyén [11, 12]. Cac
nghién ctru vé khu vuc d6 thi thuong chi danh
gia trong pham vi nho hodc thoi gian ngén han,
dién hinh nhu viéc sir dung anh Landsat dé phan
tich bién dong 16p phu thyc vat tai mot s khu
vuc do thi va ven d6 Ha Noi giai doan 2007—
2015 [13-15]. Cac nghién ctru nay thuong chua
danh gia toan dién va dai han sy thay ddi 16p phu
thyc vat tai Ha Noi ¢ cap do toan do thi, ciing nhu
chua xem xét rd rang moi lién hé gitta qué trinh d6
thi hda nhanh chong véi suy giam khong gian xanh.

Trong khi d6, Ha Noi — tha d6 va la mot
trong nhitng d6 thi 16n nhit Viét Nam — dang trai
qua qua trinh d6 thi héa vai tdc do cao, kéo theo
su gia ting dan s, mo rong ha tﬁng, va su thay
thé cac viing xanh bang cac khu dan cu, khu cong
nghiép va giao thong. Nhiing thay d6i nay da dan
dén cac van dé nhu hiéu tmg dao nhiét do thi, gia
tang 6 nhiém khong khi va suy giam chat luong
song. Thue té cho thdy, théng tin vé& dién bién
khong gian va thoi gian cua 16p phu thyc vat
trong sudt qua trinh mé rong d6 thi & Ha Noi van
con thiéu, diac biét 1a cac nghién ciru sir dung
chudi dit liéu anh vé tinh c6 d6 phan giai phu hop
dé phan tich xu hudng dai han.

Do do6, muc tiéu ctia nghién ctru nay 1a phan
tich sy bién d6i dién tich 16p phu thuc vat va lam
3 mdi quan hé cua ching voi qua trinh d6 thi
hoa tai thanh ph Ha Noi trong giai doan 2000-
2023. Nghién ctru duoc thuc hién nhim cung cap
mot danh gia co hé thong va lién tuc ve sy blen
dong 16p phu thue vat trong mdi lién hé véi tién
trinh d6 thi hoa. Bang cach khai thac chudi dir
liéu anh vé tinh Landsat c6 d phan giai trung
binh, két hop véi chi s6 NDVI va cac phuong
phap phan tich bién dong, nghién ctru khong chi
cho phép danh gia dinh lwong muc d6 thay doi
khong gian xanh trong thoi gian dai ma con gop
phan cung cip co s& dit liéu quan trong phuc vu
quy hoach d6 thi bén virng, thich ung voi bién

do6i khi hau va nang cao chat lugng song cia cu
dan do thi.

2. Dir liéu va phuwong phap nghién ctru
2.1. Khu viee nghién ciru

Thu d6 Ha N6i nam vé phia tay bic cua trung
tam ving dong bang chau tho song Hong, ¢6 vi
tri tir 20°34' dén 21°18' vi do Bic va tir 105°17'
dén 106°02' kinh do Pong, thudc khu vuc trung
tam ving dong bang song Hong mau md, tiép
giap v6i 8 tinh 1a Théai Nguyén, Vinh Phuc ¢ phia
Béc, Ha Nam, Hoa Binh phia Nam, Bic Giang,
Béc Ninh va Hung Yén phia Pong, Hoa Binh
cung Phu Tho phia Tay (theo don vi hanh chinh
truge 1/7/2025) (Hinh 1).

Khu vye nghién ctru bao gdm C&C quan trung
tam (Hoan Kiém, Ba Dinh, DPbng Da,...), cic
quan ving ndi d6 (Thanh Xuén, Cau Gidy, T
Li€m,...) va cac quan huyén ngoai thanh (Ba Vi,
Thach Thit, Chuong M¥,...) nhim phan anh sy
da dang vé hién trang che phu thyc vat va tac
dong ciia qué trinh d6 thi hoa dén tham xanh d6
thi tai Ha Noi. Cac quan trung tdm déc trung boi
mat d¢ xay dung cao, di¢n tich cdy xanh cong
cong han ché, trong khi cac quan ving ndi do ghi
nhan sy mé rong nhanh chéng cua cac khu dan
cu, khu cong nghiép xen k& voi nhitng mang
xanh con sot lai.

Viéc Iia chon céc khu vuc nay nham danh gia
su phan b va thay ddi che phu thuc vat giita cac
khu vuc ¢6 mic d6 do6 thi hoa khac nhau. Pham vi
nghién ctru bao gdm cac khu vuc chiu anh hucmg
manh tir hoat dong xay dlmg, phat trién ha ting va
giao thong, qua do cung cap cai nhin toan dién vé
su suy giam hoc bién dong ctia 16p phu thuc vat
trong tién trinh d6 thi hoa tai Ha Noi.

2.2. Tu liéu nghién cuu

Trong nghién clru nay, dnh v€ tinh Landsat
duogc sir dung 1am ngudn dit liéu chinh dé phan
tich su bién dong cua 16p phu thue vat, tip trung
vao chi s6 Khac biét Thyuc vat (NDVI). Dit liéu
Landsat 1a b co s& dir liéu anh 16n do NASA va
USGS phat trién, cung cép anh da phd véi do
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phan giai khong gian 30 m, rat phu hop cho viéc
giam sat su thay ddi 16p phii bé mit theo thoi gian.

Dit lidu sir dung trong nghién ciru bao gdm
anh tir cac vé tinh Landsat 5 va Landsat 8, bao
phu khu vuc nghién ctru trong giai doan tir ndm
2000 dén 2023. Mdi vé tinh cung cip cac to hop
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Hinh 1. So' dd minh hoa vi tri khu vuc nghién ctru thanh phé Ha No6i (khoanh vi mau héng).

Bang 1. Dit liéu anh v¢€ tinh Landsat dugc str dung trong nghién ctru

Dt liéu Niam Kénh D6 phan giai (m) | SO canh anh sir dung Nguon
'(‘,ansdssﬂt.,f’/l) 2000 | Paphé (kénh 3,4,5) 30 53 USGS
'(‘,ansdssﬂt.,f’/l) 2005 | Paphé (kénh 3,4,5) 30 61 USGS
'(‘,ansdssﬂt.,f’/l) 2010 | Paphé (kénh 3,4,5) 30 47 USGS
l(‘gﬁfﬁss) 2015 | Paphé (kénh 4,5.6) 30 70 USGS
'(‘SE?/S?:SS) 2020 | Daphd (kénh 4,5,6) 30 60 USGS
'(‘SE?/S?:SS) 2023 | Daphb (kénh 4,5,6) 30 60 USGS

2.3. Phuong phap nghién ciru

So dd quy trinh nghién ctru dugc thé hién &
Hinh 2.

2.3.1. Xu Iy anh vé tinh

Cac budc xtr 1y dir liéu anh vién tham trong
nghién cru nay dugc thuc hién trén nén tang
Google Earth Engine (GEE). Viéc sit dung GEE
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gitip toi wu hoa quy trinh truy xuét, xtr 1y va phan
tich dir liéu anh Landsat v6i kha nang xu ly
nhanh va quy mo6 16n. Google Earth Engine la
mot nén tang dién toan dam may tién tién,
chuyén dung cho phéan tich dit li¢u vién tham,
thong sé méi truong va khi trong & quy mo tir
khu vue nhé dén toan cau. GEE tich hop kho di
liéu do so, voi hang chuc petabyte anh vé tinh
mién phi do céc t6 chic uy tin nhu NASA,
USGS, ESA cung cép, cing nhiéu ngudn dit liéu
khac [16].

Céc budc chinh trong qua trinh xu 1y dir liéu
anh vién tham trén nén tang Google Earth Engine
(GEE) bao gdm:

- Lya chon nguén anh va khoang thoi gian
lay anh: loc cac anh c6 d6 che phii may dudi 20%
nham dam béao chat luong dir li€u dau vao, déng
thoi van duy tri du s6 lugng anh dé phan tich
chudi thoi gian mdt cach lién tuc va hi¢u qua.
Thoi gian thu thap anh tir thang 1 dén thang 12
clia cac nam 2000 dén 2023.

- Xac dinh khu vuc nghién cau trén GEE:
Ving nghién ctru 13 thanh phd Ha Noi.

- Tao cac bo anh Landsat khéng may: cac
anh Landsat dugc xir ly dé 1oai bo may, tao ra bd
dit liéu anh vé tinh chat luwong phuc vu cho phéan
tich theo tirng nam.

Landsat (TM, OLI) | J ‘

)

Loc anh theo bién théi gian
va khang glan

Tien x{r Iy anh (loc bo may,
higu chinh quang hoc)

[
|

J
| Tinh todn chi s
! NDVI
|
J
Phén logi tham thyc vat
dya trén ngudng NDVI
|
Xy dung ban dd phén bd tham
- thye vit glal doan 2000-2023

| Xay dyng Ban db bién dong dién
' tich thyc vat TP. Ha N§i (2000-2023)

Tinh todn chi sé
NDBI

Phan tich tuong quan gitta
| NDVI va NDBI (2000-2023)

}

| Xay dung ban do twong quan
| NDVI - NDBI giai doan 2000-2023

Dénh gid mdi quan hé giira tham thyc
vit va dd thi héa TP. Ha Ngi (2000-2023)

Hinh 2. So d6 nghién ctru.

2.3.2. Tinh todn cdc chi sé

- Chi s6 khac biét thyc vat (NDVI)

NDVI [17] tap trung vao su khac biét giira
anh sang duoc hip thu boi thuc vat & bude song
d6 va gan hong ngoai. Piéu nay phan anh chu
yéu su phat trién va mat do cua thuc vat.

NDVI di duoc sir dung rong rdi trong nhidu
mg dung khac nhau nhu giam sat sy bién dong
cua rung, theo doi mdi trudng ndng nghi¢p, danh
gia sy kho hanh, va nhiéu img dung khac. Cong
thue tinh chi s6 NDVI dugc xac dinh nhu sau:

__ (NIR - RED)
NDVI = (NIR + RED) (1
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Trong do:

- NIR 14 dai can hong ngoai,

- SWIR 1a dai hong ngoai song ngan.

Thang gia tri NDVI dao dong tir -1 dén 1,
phan anh mirc d6 phat trién ctia 16p phu thuc vat:
gid tri cang cao (tiém can 1) biéu thi 16p phu thuc
vat day va khoe manh; gia tri gﬁn 0 hodc am thé
hién khu vuc khong c6 hodc rat it thuc vat, bao
gém dat tréng, d6 thi hoac mat nudc.

- Chi s6 khéc biét xay dung (NDBI)

Dé theo ddi nhirng thay ddi vé dién tich dat
d6 thi, chi s6 khac biét xay dung (NDBI) [18]
dugc tinh toan bang dit liéu vién tham. NDBI x4c
dinh cac khu vuc xdy dung bang cach phéan biét
chung voi canh quan thién nhién, dya trén do
phan xa quang phd trong dai Hong ngoai song
ngin (SWIR) va Hong ngoai gan (NIR). Cong
thtrc tinh NDBI nhu sau:

(SWIR - NIR)
NDBI = (SWIR + NIR) )

Trong do:

- SWIR 1la dai hong ngoai song ngan;

- NIR 14 dai can hong ngoai.

Gié tri NDBI nam trong khoang tir -1 dén 1,
trong d6 gia tri cang cao cho thiy khu vuc c6 mat
do6 xay dung, khu d6 thi hoac bé mat nhan tao
cang lon.

2.3.3. Phan logi I6p phu thuc vat

Phan loai 16p phu thyc vat thuong dua trén
viéc lya chon ngudng gia tri NDVI phu hop
nham phén biét khu vuc ¢6 16p phu thuc vat va
khu vuc khong co 16p phu thuc vat. Mot trong
nhung phuong phap pho bién 14 str dung ngudng
c¢b dinh, trong d6 cac diém anh c6 gia tri NDVI
tr 0,3 tré 1én dugc xem la khu vuc cé 16p phu
thuc vat, con cac diém anh c6 gia tri NDVI duéi
0,3 dugc coi la vung khéng c6 thuc vat hodc bé
mat dét tréng. Ngudng nay dugc lya chon dua
trén cac nghién ctru trude day ciing nhu dic diém
sinh hoc cua 16p phu thuc vat, giup phan biét rd
rang vung phu xanh véi cac khu vyue khac [19].
Khi két hop véi dit lidu thuc dia, phuong phap
chon ngudng nay gdp phan dam bao do chinh
xac va phu hgp cho viéc phan loai 16p phu thuc
vat trong nghién ctru.

2.3.4. Xdc dinh bién dong do che phu thuc vat

Pé danh gi4 bién dong d6 che phu thuc vat
tai Ha Noi trong giai doan 2000-2023, nghién
cuu tich hop dir liéu khu vuc xdy dung véi ban
d6 16p phu thyc vat dé xac dinh sy thay ddi 16p
phu thyc vat. Phuong phap gdm hai budc chinh:
i) x4c dinh suy giam 16p phu thuc vat bang cach
so sanh 16p phu thuc vat nim 2000 v6i ban dd khu
vuc xdy dung niam 2023 nham phét hién cac khu
virc khong gian xanh bi thay thé boi ha tang d6 thi;
va ii) xac dinh sy gia tang 16p phu thuc vat thong
qua so sanh 16p phu thyc vat nam 2023 véi nam
2000 dé phat hién khu vuc c6 sy tai sinh tw nhién.

Phan loai bién dong 16p phu thuc vat duogc
xac dinh nhu sau:

- Suy giam lop phu thuc vat 1a khu vuc co
16p phii thuc vat nam 2000 nhung bi thay thé
bang dat xay dung nam 2023.

- Gia tang 16p phu thye vat 1a khu vue khong
¢6 thyc vat nam 2000 nhung c6 16p phu thyc vat
vao ndm 2023.

2.3.5. Tuong quan gitta NDVI va NDBI

Phuong phap phén tich tuong quan giita
NDVI va NDBI dugc thuc hién trén dir liéu ma
tran 3 chiéu, v6i hai chi s6 duge do dac khong
gian theo toa d x, y va theo thoi gian tir ndm
2000 dén 2023. M&i chi s6 dugce biéu dién dudi
dang ma tran 3D c6 kich thudc tuong Gng véi
khong gian (x, y) va thoi gian (t) [20].

Pé xac dinh mbi quan hé giira NDVI va
NDBL hé sd tuong quan Pearson dugc tinh toan
cho timg diém anh (pixel) theo chudi gié tri thoi
gian tuong tmg. Cu thé, tai mdi vi tri khong gian
(X, y), chudi NDVI va NDBI trai dai theo 24 nim
duoc st dung dé tinh hé s twong quan, phan anh
mirc d6 lién quan tuyén tinh giita bién dong 16p
phu thuc vat va su phat trién do thi tai vi tri d6
qua thoi gian.

Cov(X,Y)
- 0x 0y
Y& - X, —Y)

VTS =07 x @, -1

Trong do:

X, Y: 14 gia tri NDVI va NDBI tai thoi diém t;

X, Y la gia tri trung binh chudi thoi gian.

(3)
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3. Két qua nghién ciru va thao luin

3.1. Bién ddng do che phii thue vit thanh phé Ha
Noi giai dogn 2000-2023

Bo ban d6 chi s6 NDVI (Normalized
Difference Vegetation Index) dugc xay dung tu
dir liéu anh vé tinh Landsat cho cac nam tir 2000
dén 2023 dugc trinh bay trong Hinh 3.

Thong qua chudi ban dd6 NDVI theo thoi
gian, c6 thé nhan dién duoc xu thé phan bd va
bién dong cua 16p phu thuc vat trén toan dia ban
thanh phd Ha Noi. Két qua phan tich cho thiy,

NOVI_HN_2020 NDVI_HN_2021

‘*

=1.0

1.0
0.5
0.0
~0.5 0.5

Ho1o

NOVI_HN_2022

‘*

khu vuc c¢6 mat d6 16p phu thuc vat cao nhat 1a
ving rimg dic dung thuéc Vuon Qubc gia Ba Vi
va cac khu vyc 1an cén tai huyén Ba Vi. Bén canh
d6, cac huyén ngoai thanh nhu So6c Son, Thach
Théat, Chuong My ciing ghi nhén dién tich 16n
dét trong cdy 1au nim va cdy in qua. Cac khu vuc
phia nam Ha Noi, gdm Phu Xuyén, Ung Hoa,
Thanh Oai, 14 noi tap trung chi yéu cua cac loai
cdy trong nong nghiép hang nam nhu laa va ngd.
Trong khi d6, cac quan ndi thanh co6 16p phu thuc
vat han ché, chu yéu 1a cay xanh d6 thi, cong vién
va cac hanh lang xanh hep.

NDVI_HN_2000 NOVI_HN_2001 NOVI_HN_2002 NOVI_HN_2009 NDVI_HN_2004
1.0 : 1.0 . 1.0
0.5 05 ‘ 0.5
0.0 0.0 . 0.0
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1.0 1.0
05 0.5
0.0 0.0
0.5 0.5
-1.0 l-1.0
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Hinh 3. Ban do chi s6 NDVI (NDVI — 1: tham thyc vét cang khoe manh; NDVI < 0: khong phai thuc vat.).
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Giai doan 2000-2023 ciing chung kién su
thay doi dang ké trong céu trac 16p phu thuc vat
do qua trinh d6 thi hoa manh mé& va phat trién
kinh té - x4 hoi. Nhiéu khu vuc trude day 1a dat
ndng nghiép hodc co 16p phu thyc vat ty nhién
d3 bi chuyén doi thanh dt xay dung, ddc biét tai
cac vung ven do.

Mic di qué trinh phat trién kinh té - x4 hoi
trong hon hai thap ky qua da dan dén sy suy giam

// a AN 00 BEES OSG IS TROM CIE P I S ATTHMASH PHO HA

"~ GAAL IOAN Jawn el

( wid A ¢ N
\ - I Thil Nguyds l
/ e \

LLCNR U

CHU GIAI
D 0 B 3 Sy
B oo e v v i 2
£ R vw o

Viek Phic

16p phu thyc vat tai nhiéu khu vuc, tuy nhién,
diéu nay khong dong nghia véi viée toan bo sy
thay d6i déu mang tinh tiéu cuc ddi v6i hé sinh
thai. Trén thuc té, sy phat trién d6 thi va cac
chinh sach quy hoach dt dai c6 thé dong thoi tao
ra nhiing chuyén bién tich cuc, ch’fmg han nhu
vi€c gia tang dién tich cay xanh d6 thi, phuc hdi
rimg, hodc chuyén dbi dat hoang hoa thanh céac
khu vyc trong cdy 1au nim va cdy an qua.

14 Nam

Lk S . A

i . g e i
M Do e A
o’

Hinh 4. Ban do bién dong dién tich 16p phu thuc vat (thu tir ti 18 1:100.000).

Quan sat ban d6 bién dong 16p phu thyuc vat
giai doan 2000-2023 (Hinh 4), c6 thé dé dang
nhan théy cac khu vuc co sy thay a1 1o rét thong
qua mi héa mau sic: cac ving hién thi mau do
thé hién dién tich 16p phu thuc vat da bi suy giam
va duoc thay thé bang cac loai hinh sir dung dat
khac vao nam 2023; trong khi d6, cac ving mau
xanh 14 cdy biéu thi sy gia ting 16p phu thyc vat
s0 v6i thoi diém nam 2000.

Phéan b6 khong gian cua cac bién dong nay
cho thay, cac khu vire c6 mirc suy giam 16n nhat
vé dién tich thuc vat chu yéu tap trung tai cic
quan, huyén ven trung tdm nhu Hoang Mai, Ha
Pong, Nam Tu Liém, Dong Anh, Hoai Purc, noi
v6n vao nam 2000 con c6 nhiéu dat nong nghiép
hodc chua phat trién manh vé do thi. Trong hon
hai thap ky, day cling la nhiing dia ban ghi nhan
tdc do do thi hoa cao nhat, dan dén viéc chuyén
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d6i manh m@ tir dt c6 16p phu thyuc vat sang dat
xdy dung, ha tang k¥ thudt va cac muc dich phi
ndng nghiép khac.

Nguoc lai, tai khu vuc cac quén trung tam
nhu Hoan Kiém, Ba Pinh, Hai Ba Trung va
DPdng Pa — noi ¢ mat do xiy dung cao va dién
tich dat han ché — lai ghi nhan xu huéng gia ting
16p phu thuc vat, chu yéu thong qua viéc mo
rong khong gian xanh do thi, trong b sung cay
xanh ven dudng, cii tao va phat trién cong vién.

Dy c6 thé 12 minh chimg cho nd lyc cta chinh
quyén thanh phd trong viéc cai thién chit luong
moi trudng séng tai khu vue ndi do.

Bién dong cu thé vé dién tich 16p phu thuc
vat theo tirng quén, huyén duoc trinh bay chi tiét
trong Hinh 5. Biéu d6 duoc sip xép theo thir tuy
giam dén, tir cac don vi hanh chinh c6 muc ting
16p phii cao nhat cho dén cac dia phuong c6 mirc
suy giam manh nht.

Bién dong dién tich che phu thyc vat thanh phé Ha Noi (2000 - 2023)

e Giam
8a\Vi| ™ Tang e«
Gla Lam Biéndongrong e o
Son Tay =
Phic Tho
Hal Ba Trung 0 =R
Hoan Kiém [ K
Ba Dinh
Déng Pa
Séc Son B ]
Thanh Tri [N ]
Hoang Mai e
Thy Hb E—
Thanh Xuan - el
My Bac
Dan Phuong
Dong Anh
Qudc Oai
Long Bién
Cau Gldy = ||
Thach That s
Pha Xuyén [ . |
Chuong My [ R ]
Thuting Tin s I
Bac Tir Liém R |
Mé Linh . 0 0 0 ]
Thanh Oal [ Ye——— ]
Ha Déng : 4
Ung Hoa i v —(
Hoai Birc [ - I |
Nam Tir Liém B EngE——T
~15%0 ~1000 ~500 0 500 1000 1500
Dién tich {ha)

Hinh 5. Dién tich bién dong 16p pht theo cac quan huyén.

Dua trén biéu d6 bién dong dién tich 16p phu
thuc vat, co thé nhan thiy su bién dong dang ké
vé dién tich thuc vat gilra cac quan, huyén cua
Ha Noi, phan anh ro nét tac dong cla qua trinh

d6 thi hoa trong hon hai thap ky qua. Cac khu
vuc ngoai thanh nhu Nam Tur Liém (690 ha),
Hoai Prc (-650 ha), Ung Hoa (-629 ha), va Ha
Pong (—588 ha) ghi nhan muc mét thyuc vat 16n
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nhat, chii yeu do qua trinh chuyén d6i dat phuc
vu phat trién cong nghiép, khu dan cu va ha tang
d6 thi. Xu huéng nay cho thay ap lyc 15 rét tir do
thi hoa khong kiém soat, ddng thoi lam suy giam
cac chtic nang sinh thai von co cua hé thuc vat
nhu diéu hoa khi hau, he"ip thu carbon va chéng
ngap tng. Trong khi d6, mét s6 khu vuc nhu Ba
Vi (+807 ha), Gia Lam (+664 ha) va Son Tay
(+230 ha) lai c6 murc tang dién tich thuc vat dang
ké, cho thy vai tro quan trong ctia cac ving it
chiu tac dong d6 thi trong viéc phuc hdi sinh thai
va duy tri cAn bang méi truong. Pang chu ¥, tai
khu vuc ndi thanh, méc du quy d4t han ché, mot
s6 quan nhu Hai Ba Trung, Hoan Kiém va Ba
Dinh van ghi nhan murc tang dién tich xanh nho
cic sang kién xanh hoa d6 thi nhu trong ciy
dudng phd, vuon trén mai va cong vién nho. Tuy
nhién, nhin chung, muc tang nay con rt han ché
$0 vOi nhu cau vé khong gian xanh trong d6 thi

Phi Thy

we bl
i ey

Iltlont U

Dy hal

€ horovl M§

Hod Binh

CHU GIAI
Thye vat
+ Khac

5 15UE MTNUE

Vinh Phice

mat do cao. Sy chénh léch gilta cac khu vuc
trung tdm va ngoai thanh phan anh khoang cach
ngay cang rd rét trong tiép can va phan bd khong
gian xanh, tir d6 dat ra yéu ciu cap thiét vé viée
tich hop ha tang xanh vao quy hoach phat trién
do thi, déng thoi ban hanh cac chinh sach st
dung dit nghiém ngat nham han ché viéc chuyén
d6i dat khong bén viing.

3.2. Pdnh gid do chinh xdc két qud phan logi

Két qua phan loai ban d6 16p phu tham thuc
vat khu vic Ha Noi nam 2023 dugc kiém dinh
d6 chinh xac thong qua bd mau kiém ching doc
1ap gom 1000 diém anh duoc xac dinh tir anh vé
tinh d phan giai cao trén nén tang Google Earth.
Céc diém kiém ching nay dugc phan loai thanh
hai 16p: Thuc vat va Khong thuc vat (Hinh 6).
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Hinh 6. Ban db phan bd bo miu kiém ching (thu tir ti 18 1:100.000).
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Phuong phap danh gia sir dung cac chi sd
thong ké bao gdom: Overall Accuracy (OA),
Producer’s Accuracy (PA), User’s Accuracy
(UA), Kappa coefficient.

Két qua théng ké d6 chinh xac duoc thé hién
trong Bang 2 va 3.

Bang 2. Ma tran nham 14n (Confusion matrix)

- Thuc té: Co Thuc té:
N=1000 TV(l) | Khéng TV (0)
Phan loai: 1
(TV) 824 (TP) 14 (FT)
Phan loai: 0
(Khong TV) 54 (FN) 108 (TN)

Bang 3. Cac chi s6 danh gia do chinh xéac

Chi sb Gia tri
Overall Accuracy 93,2%
Hé s Kappa 0,722
PA — Thuec vat 93,8%
UA - Thuc vat 98,3%
PA — Khong thyc vat 88,5%
UA — Khong thyc vat 66,7%
Ban db y nghia thing ké (p values) .
' %
)4 -'«
% e
-

Hinh 7. Ban d6 y nghia thong ké cta tuong quan
(thu tur ti 1€ 1:100.000).

Céc két qua trén cho thiy rang 16p Thuc vat
¢ d6 chinh x4c cao, thé hién rd qua c4 hai chi s6
PA va UA. Trong khi d6, 16p Khong thuc vat co
PA tuong dbi tot nhung UA thap hon, phan anh

hién tugng 16 phan loai sai thanh thyc vat (false
positives), c6 thé do anh hudng ciia bé mat dat
tréng ¢o tin hiéu phé tuong ty voi thuc vat thua
trong anh Landsat.

Mirc d6 y nghia thong ké duoc xac dinh
thong qua gia tri p-value, vdi ngudng phd bién 1a
p < 0.05 d& xac dinh twong quan c6 y nghia.

Céc ving c6 y nghia thong ké chu yéu phan
bd & khu vuce ¢6 tham thuc vat, noi gia tri NDVI
on dinh hon, trong khi nhitng ving khong c6 y
nghia thong ké thuong thuge khu vye khong thuce
vat, v6i hé s6 twong quan rat thap (r = 0).

3.3. Moi quan hé giira [6p phu thuc vdt va do thi
hoa thanh pho Ha Noi

Méi quan hé giita 16p phu thuc vat va qua
trinh do thi hoa dugc lam r6 hon thong qua phan
tich mdi tuong quan giita hai chi s6 vién tham
quan trong: NDVI, dai dién cho muc d6 phu
xanh, va NDBI, phan anh cudong d6 xay dung do
thi. Pé danh gia mbi lién hé nay mot cach toan
dién ca vé& khong gian va thoi gian, thudt toan
tuong quan ba chleu da dugc ap dung, cho phép
tinh toan hé sb tuong quan tai ting diém anh
(pixel) giita hai chi s6 NDVI va NDBI trong su6t
chudi thoi gian 24 nim (2000-2023). Két qua
dugc thé hién qua ban dd twong quan khong gian
(Hinh 8), cho thdy r& mirc d6 va hudng tuong
quan (duwong hodc 4m) tai mdi khu vuc trén toan
bd dia ban thanh phd Ha Noi.

Két qua phan tich méi tuong quan khong
gian giita chi s6 NDVI va NDBI cho thiy phan
16n dién tich thanh phd Ha Noi c¢6 mbi quan hé
nghich giita phét trién xay dung va 16p phu thuc
vat. Quan sat ban dd twong quan va biéu do
histogram cho théy, ngoai trir mot sb ving mat
nudc — noi ca NDVI va NDBI déu thap va co
tuong quan cao do tinh dong nhét — thi da phan
cac khu vyc déu thé hién tuong quan 4m rat
manh. Biéu dd pie chart phan loai dién tich theo
mirc d6 tuong quan cho thiy rang, ving c6 hé s6
trong quan r < -0,5 chiém téi hon 56% dién tich
toan thanh phé, phan anh xu thé d6 thi hoa lam
suy giam dién tich cay xanh 10 rét. Cac vung c6
tuong quan 4m nhe hon, v6i hé s6 nam trong
khoang tir 0 dén -0,5, chiém khoang 29% dién
tich, chua yéu la cac khu vuc chuyén tiép hodc
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chua phat trién hoan toan. Nguoc lai, chi co
khoang 11,5% dién tich thé hién tuong quan
duong (r > 0), va nhitng khu vire nay phan bo rai
rac, thuong c6 quy mo nhd.

Xét vé dic diém khong gian, cac ving co
tuong quan 4m manh nhét — thé hién bang mau
d6 dam trén ban dd — tap trung & cac quan, huyén
timg 1a ving ven d6 vao nam 2000 nhung dén
nam 2023 da trd thanh khu vue ndi thanh do qua
trinh d6 thi hoéa nhanh chong, nhu Ha Doéng,
Nam Tu Liém, Hoang Mai va Pong Anh. Nhiing
khu vuc nay ghi nhan sy gia ting dot bién vé mat

Ban dé tuong quan NDVI-NDBI 2000-2023

et ¥
—— Ranh gidi n6i thanh

- -
105.6 105.8
Kinh dé / X

105.4

106.0

d6 xdy dung va ha tang, dong thoi dan dén mat
mat dang ké vé 16p phu thuc vat. Trong khi do,
cac vung thé hién twong quan duong — thé hién
bang mau xanh 1a ¢&dm — chu yéu xuat hién & cac
quan 161 trung tdm nhu Hoan Kiém, Ba Dinh, Hai
Ba Trung, noi qua trinh phat trién do thi da dat
ngudng bao hoa tir trudc nam 2000. Tai day, viée
tdng cuong dién tich cdy xanh thong qua cai tao
cong vién, trong cay ven dudng va phat trién cac
khong gian xanh céng cong di gop phan lam gia
tang dong thoi ca NDVI va NDBI, tao nén mdi
twong quan thuan, dii hiém gip nhung dang chu .

Histogram phan phal he 56 tuung quan gitte NOVI va KDBI
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Hinh 8. Két qua twong quan gitra NDBI va NDVI (thu tir ti 1¢ 1:100.000).

Ngoai ra, cic viing c6 hé s6 twong quan gan
bang 0 — thé hién bang mau tring hodc rat nhat —
cho thay khong c6 mdi lién hé rd rang giita
NDVI va NDBI. bay thuong la cac khu vuc
chuyén tiép gitta d6 thi va ndng thon, hoac noi
ma sy phat trién ha tang va cdy xanh dién ra
khong dong bo.

Téng thé, mdi twong quan am giita NDVI va
NDBI phan anh rd nét xu hudng suy giam 16p
phu thyc vat trong qua trinh phat trién d6 thi, kéo
theo nhiing hé qua tiéu cuc nhu gia tang hi¢u ing
d4o nhiét d6 thi, 6 nhiém khong khi va suy giam
da dang sinh hoc. Ngugc lai, cac khu vuc co

tuong quan duong — méc du chiém ty 1& nho — lai
1a minh chung tich cuc cho cac mo6 hinh d6 thi
bén viing, noi khéng gian xanh dugc bao ton
hodc phat trién song song vdi qua trinh xay dung,
gop phan cai thién chét lugng méi truong sdng
va thich ing véi bién doi khi hau.

4. Két luan

Nghién ciru dé sir dung dir liéu vién tham
Landsat két hop céac chi s6 NDVI va NDBI dé
danh gia bién dong d6 che phu thuc vat va moi
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lién hé voi qua trinh d6 thi hoa tai thanh phé Ha
Noi trong giai doan 2000-2023. Két qua giai
doéan dat do¢ tin cay phu hop dé danh gia hién
trang va bién dong 16p phii voi d6 chinh xac tong
thé 93,2% va hé s Kappa 0,722. Két qua cho
thiy trong giai doan 2000-2023, d6 che phu thuc
vat & Ha Noi suy giam dang ké dudi tac dong cua
d6 thi hoéa, phan anh mbi quan hé nghich giira
NDVI va NDBI tir tu liéu vién tham da thoi gian.
Xu hudng suy giam nay tap trung chi yéu tai cac
khu vyc @6 thi héa nhanh nhu ndi thanh va ving
ven dang chiu 4p lyc mé rong ha tang, trong khi
su gia tang d6 che phu thyc vt chi xuét hién rai
rdc ¢ ngoai thanh véi quy mo nho va tinh phan
manh cao.

Méi twong quan nghich gitta chi s6 NDVI va
NDBI thé hién rd tac dong cua qua trinh do6 thi
hoa dén suy giam 16p phu thyuc vat, lam thay ddi
ciu trac khong gian st dung dit va anh huéng
dén moi trudong do thi. Viéc ung dung tu liu
vién tham da thoi gian da ching minh hiéu qua
trong vi¢c giam sat, phan tich xu huéng va khong
gian bién dong che phu thyc vét phuc vu cong
tac quy hoach va quan ly do thi.

Két qua nghién ctru 14 co so khoa hoc quan
trong hd trg cac nha quan 1y va hoach dinh chinh
sach trong viéc xdy dung chién luoc phat trién
d6 thi bén viing, dam bao can bang giita phat
trién kinh t& va bao vé méi truong, dic biét la
trong bdi canh Ha Noi tiép tuc ddi mat véi ap luc
gia ting dan s6 va mo rong do thi trong nhimng
thap ky toi.
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