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Panh gia tinh ton thwong sinh thai bing phwong phap két hop phén tich
thir bac mo (AHP-FUZZY) va thong ké khong gian Moran’s 1
tai Thanh pho Ho Chi Minh

Ha TuAn Cuong*
Phan vién Diéu tra Quy hoach rirng Nam B9, Viét Nam

TU KHOA TOM TAT
AHP - Fuzzy, V6i su mo rong cta do thi hoa, twong tac khong gian sinh thai tu nhién gilra con nguoi va moi
mo hinh PSR, truong ngay cang duoc chu trong, do do, viéc danh gia dinh luong tinh dé bi ton thuong sinh

thai co y nghia rat 16n dbi voi cong tac bao vé va khoi phuc hé sinh thai & cac khu vuc dé bi
t6n thwong. Trong nghién ctru ndy, mé hinh AHP-PSR (Phan tich thir bac - 4p luc - nhay cam
- kha nang phuc hdi) ciing v6i phéan tich md Fuzzy di dugce sir dung dé danh gia muc d6 dé bi
ton thuong sinh thai ctia thanh phé H6 Chi Minh nam 2023. M6 hinh PSR dugc sir dung dé
Iwra chon 13 tham sb, AHP - Fuzzy duoc dung dé x4c dinh trong s6 cua cac tham sb, va cong
cu GIS duoc ap dung dé danh gia mirc d6 dé bi ton thuong sinh thai. Két qua cho thay muc do
d& bi ton thuong sinh thai cao vai dién tich 15.746,66 ha, phan b tap trung & cic quan trung
tam, noi c6 mat do xay dung cao; trai lai mirc do ton thuong thép phan b tai nhirng noi duy
tri mang xanh nhu huyén Can Gid va Ca Chi... v6i dién tich hon 33.000 ha. Sy khac biét giita
két qua danh gia do dé b ton thuong sinh thai cho thdy vai trd ctia con nguoi trong viéclam
thay d6i moi truong tu nhién. Con ngudi co thé cai thién moi truong sinh thai von da dé bi
t6n thuong thong qua cac hoat dong tich cuc.

t6n thuong sinh thai,
twong quan khong gian,
thanh ph H5 Chi Minh.

néu hé sinh thai, cac loai va cac qua trinh ctia no dé bi
anh huong bdi nhitng ap luc gy hai tr con nguoi va tu

1. Giéi thiéu

Tinh d& bi tén thucmg sinh thai lién quan dén nguy
co gay thiét hai cho moi truong ty nhién, cic yéu t6
bi anh hucmg bao gom h¢ sinh thai, dan so cung nhu
cdc qua trinh vat 1y va sinh hoc, ma céac yéu to nay co
thé bi tac dong boi cac hoat dong do con ngudi gy ra
(Kaly & cong sy, 2002) va dugce chi phéi boi bon yeu
t0: dac diém thuy vén - khi tuong, tai nguyén dat, kinh
té - x4 hoi va diéu kién dia hinh, co thé duoc phan loai
thanh hai loai: tinh dé bi ton thuong bén trong va bén
ngoai. Mot khu vuc duge coi 1a ton thuong vé sinh thai
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nhién, dic biét khi cac ap lyc nay & muc cao (Kaly &
cong sy, 1999).

Nhiéu phucmg phap dugc st dung dé phan tich
tinh d& bi ton thuong: mot s6 nghién ctru st dung mod
hinh toan hoc (Wilson & cong sy, 2005); trong khi cac
nghién ctru khac st dung quy trinh phéan tich thr bac
(Analytic Hierarchy Process - AHP) (Wang & cong su,
2008); phuong phap danh gia mo (Fuzzy Evaluation
Method) (Enea & Salemi, 2001); mang neural nhéan tao
(Artificial Neural Network) (Dzeroski, 2001); phuong
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phap danh gia tong hop (Goda & Mastuoka, 1986);
phuong phap danh gia xam (grey evaluation method)
(Hao & Zhou, 2002);... Cac phuong phap nay duoc st
dung dé phan tich dinh luwong tinh d& bi ton thuong.

Phan tich tinh dé bi ton thuong sinh thai mang tinh
da chiéu nén viéc xac dinh moi quan h¢ gitra cac yéu
t6 cua tinh de bi ton thuong la diéu can thlet trong mot
moi truong tong the (Slngh 2012) Nham glal quyét
hai khia canh van dé cua danh gla tinh dé bi ton thuong
sinh thai, d6 1a nguy€n nhén nao dong vai tro tic nhin
chinh trong yéu t6 ton thuong va tryc quan hoa két qua
phan tich, danh gia bang dit ligu dia ly, bai viét nay tlep
c4n nghién ctru tinh dé ton thuO’ng cua sinh thai bing
viéc tinh toan, phan tich dir liéu vién thim ngudén mo
cung véi phuong phap nghién ctru chinh la phan tich
thr baic mo (AHP - Fuzzy) va GIS.

2. Phwong phap nghién ciru

2.1. Dir liéu nghién ciru

Trong nghién ctu nay, mo hinh PSR (4p luc —
nhay cam — khd nang phuc hoi) duge sir dung de lya
chon céac tham s6 danh gla M0 hinh PSR duge dé xuét
boi T chirc Hop tac va Phat trién Kinh te (OECD)
va Chu’(mg trinh Moi truong Lién Hop Qubc (UNEP)
vao cudi nhitng nam 1980 (Tong, 2000) Cac yeu 10
duoc lya chon trong nghi€n ctru bao gdm dir ligu vién
tham (nhu NDVI, NPP, chi s6 xdy dung, .), dir liéu
khi twong (nhu do am, nhiét do,.. ) va dir liéu kinh
té — x4 hoi (nhu mét do dan s0, chi s0 xay dyng), nham
bao quat ddy du ba tru cot ndi trén.

- Tinh nhay cam (sensitivity) thé hién mutc do ma
h¢ sinh thai bi anh hu’ong boi céac tac dong ty nhién
va nhén tao (Luers & cong sy, 2003). Cac yéu tb lién
quan dén dia hinh, khi hau va lop phu thuc vat co the
lam tang kha nang bi tic dong cua h¢ sinh thai, khlen
n6 dé bi ton thuong hon. Vi du nhu mét khu vue dat co
do cao thap, dd doc nho, tham phu kém phat trién c6
thé d& bi x6i mon dét, ngap Gng hodc suy giam da dang
sinh hoc do su thay d6i vé sir dung dat hodc thoi tiét.

DO CAO CUA THANH PHO HO CHi MINH

D6 déc dia hinh (d5)
m0-05d0
Mb hinh dé cao DEM (m) \ E905-5d0
o High 145 33 15-10d6
- : m10-15d0
Lowkie 1520 do

DO DOC IA HINH CUA THANH PHO HO CHi MINH
K _

LUQNG MUA TRUNG BINH NAM 2023

Lwong mwa trung bmh (mm/nam)
High : 2615.0:

Low : 1884.83

NHIET DO TRUNG BINH NAM 2023

>z

Tan' pha
Tan BinhNhugn Thn h
s a2

Nhiét do trung binh (d6 C)
High : 28.1

Low :27.7

\gj 7 ||cnisé spi
High : 1.50903
&

B Low £ 0.0545343

CHI SO KHO HAN (SPI) NAM 2023

DO AM TRUNG BIiNH NAM 2023

D6 &m trung binh (%)

. High : 82.2
Low:77.6
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LOP PHU SU DUNG DAT NAM 2023

A

Lop phu sir dung dat nam 2023 tir RLCMS
[ ] Dét nusi trbng thuy san

I vt nuoe

I ot xay dung

"] Bét nong nghigp

[ Bt ngép nuoc

[ ] Bétkhac

[ Bhtca rimg

] Tham c6 va cay bui

KHOI LUQNG DAT B| XOI MON NAM 2023

Lﬁ’
>z

Ca Chi L

X6i mon dét (thn/ha/nam)
s High : 255

B Low: 01

Hinh 1. Phin b6 khong gian cac yéu to nhay cam sinh thai: do cao, do dbc, lwong muwra trung binh,
nhiét do trung binh, chi so0 lwgng mwa chuan hoa SPI, do 4m trung binh, 16p phi sir dung dat
va gia tri x6i mon dat

CHi SO NDVI NAM 2023 P

.
i AP

Chi s6 NDVI
High : 0.793655 Value

e Low:0
Low : -0.418182

WS High : 255

NANG SUAT SINH HOC THYC VAT NAM 2023

Nang suét sinh hoc thye vat (gCIm'/yeari\\

CHI SO DA DANG CANH QUAN (SIDI)

>z

)"\

Chi s6 da dang canh quan (SIDI)
oy High-0.83

B owio

Hinh 2. Phin b6 khong gian cac yéu t6 thich ing sinh thai: chi s6 NDVI,
niing suit sinh hoc rong (NPP) va chi so da dang cianh quan (SIDI)

- Kha nang phuc hoi (resﬂlence) dé cap dén kha
ning tu diéu chinh va phuc hdi cta hé sinh thai khi cac
tac dong bén trong va bén ngoai khong vuot qua gl(n
han (Qiao & cong sy, 2008). Kha nang phuc héi co
mdi quan hé nghich vGi tinh d& bi tén thuong sinh thai;
khi kha nang phuc hoi cao, murc do t6n thuong giam.
Trong nghién cuu, cac yeu t6 lién quan dén 16p phu
thue vat (NDVI), nang suét sinh hoc rong (NPP), chi
s6 da dang canh ‘quan (SIDI) dugc xem 1a chi bao cho
nang lyc phuc hoi sinh thai.

- Ap lyc sinh thai (pressure) duoc dung dé danh gia
tac dong cua cac hoat dong con ngudi va sy phat trién

kinh té 1én hé sinh thai dia phuong (Zhang & cong su,
2017a; Zhang & cdng su, 2017b) Tai Thanh pho Ho
Chi Minh (TP. HCM) cac ap luc chinh 1én moi truong
ty nhién den tir qua trinh d6 thi hoa nhanh, gia ting dén
s6, chuyén 601 sir dung dit, va bién doi khi hau.

Céc chi s6 duoc chia thanh hai nhém chi s6 thuan
(duong) va chi s6 nghich (am) theo m01 quan h¢ gilra
tinh dé bi ton thuong sinh thai va yeu t6 danh gla (Zhao
& cong su, 2018). Dbi véi cac chi s6 thuan, gia trj chi
s6 cang 16n thi muc d6 d& bi ton thuong sinh thai can
cao. Nguoc lai, dbi véi cac chi s6 nghich, gid tri chi s6
cang 16n thi mirc do dé bi ton thuong sinh thai cang
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CHI SO XAY DUNG (BUILT-UP INDEX) NAM 2023

Chi s xay dung (BUI
O ey P Pu

S Low : -1.24194

MAT DO DAN SO NAM 2023

Mat dé dan sé (nguwerilkm?)
wem High : 95.6598

EE Low : 2.2804

Hinh 3. Phan bd khéng gian vé chi sé xay dung (BUI) va mét d dan sé nim 2023

Bang 1. Hé thong cac chi tidu danh gia tinh ton thwong sinh thai tai khu vire nghién ciru

Chi s Chi s6 danh gia Quan h¢ Dinh dang Ngudn
Do cao dia hinh (S1) Thuén
, SRTM - USGS
Do doc (S2) Thuén
Nhiét d¢ trung binh nam 2023 (S3) Nghich NOAA data
Lugng mua trung binh nam 2023 (S4) Nghich CHRS Data Portal
Nhay cam sinh thai (S) , R ) Raster
Chi s0 lugng mua chuan hoa nam 2023 (S5) Nghich CHIRPS data
D6 4m khong khi nam 2023 (S6) Nghich FLDAS data
Murc d§ x6i mon (S7) Thuan ESDAC data
Tham phu sir dung dat (LULC) ndm 2023 (S8) Thuan RLCMS data
Ning suét sinh hoc thuc vt (NPP) (R1) Nghich NEO - NASA
Kha niing phuc hdi sinh thai (R)  Chi s6 da dang canh quan SIDI (R2) Nghich Raster Tinh tr LULC
Chi s6 thyc vat NDVI (R3) Nghich Landsat 9
i Mat do dan s6 (P1) Thuéan Raster WorldPop data
Ap lyc sinh thai (P) ,
Chi s0 xay dung BUI nam 2023 (P2) Thuan Raster Landsat 9

Ghi chit: “Positive” (Thudn); “Negative” (Nghich).

thap Céc chi s duoc chuan hoa bang phuong phéap
chudn hoéa cuc dai - cyc tiéu va cac gia tri chi s6 nim
trong khoang tir 0 dén 1 (Li R & cong sy, 2020)

Trong do: x’ 1a gia tri chuan hoéa ciia chi s6 i; xi 1a
gia tri quan sat cua chi s0 i

X X, —-Xi,
Chi s6 duong: x'=—"——"0— (1
g ‘le.max_‘Xvimin ( )

A Xi  —X,
Chi s0 am: x'=——"x—1_ (2)

‘lemax_)(lmin

x. vax. . lan lugt la gia tri 16n nhat va nho nhat
max , . min * *

cua chi so 1.
Tat ca cac chi so déu dugc xt 1y trudc bang ArcGIS
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10.8, toa d6 6 mui chiéu WGS UTM mi 48 thudc Béc
ban cau. Sau do, cac chi sb dugc liy mau lai thanh dir
lidu raster c6 do phan giai 1 km x 1 km dé dam bao tinh
nhit quan khong gian.

2.2. Phan tich thir bic mo (AHP - Fuzzy) xdc dinh
trong so cdc tiéu chi

Phuong phap phan tich thar bac mo (AHP - fuzzy)
duoc a ap dung nham xac dinh trong s6 va thi tu uu tién
clia cac yéu t6 tham gia vao qua trinh ra quyét dinh
(Zimmermann, 2001). Phuong phap nay dugc thuc hién
trén phan mém Excel, két hop giita 1y thuyet mo va quy
trinh phén tich thir bic (AHP) do Saaty dé xuit. Tuy



nhién, AHP truyén thong g1a dinh rang nguoi ra quyet
dinh c6 thé dura ra danh gia chinh xé4c tuyét (101 dleu nay
khong phai luc nao cung kha thi trong thyc té. Dé khic
phuc nhuogc dlern nay, phuong phap AHP m¢& (AHP -
fuzzy) ra doi bang cach két hop AHP véi 1y thuyét tap
mo (Zadeh, 1965), gitp moé hinh hoéa sy khong rd rang
va chi quan trong danh gid cua con nguoi. Cac budc
thuc hién quy trinh AHP - fuzzy nhu sau:

- Budc 1 - Lwa chon céc ti€u chi: Ma tran so sanh
cap duoc xay du’ng dua trén danh gia cua 10 chuyén
gia co chuyen mon trong linh vyc sinh thai canh quan,
GIS, va bién d6i moi truong d6 thi, phat trién bén
viing. Cac chuyén gia dugc lya chon dya trén cac tiéu
chi: (1) c6 kinh nghi¢ém nghién ctru linh vyc lién quan;
(2) dong y tham gia déanh gia theo quy trinh chuyén gia
Delphi. Viéc st dung y kién chuyén gia giup dam bao
tinh khach quan, nhat quan va khoa hoc trong qua trinh
gan trong so cho céc tiéu chi. Tap hop ti€u chi thu duoc
tr phwong phap Delph1 dong vai tro 1a dau vao cho cac
budce tiep theo cua mo hinh phan tich dinh luong, dac
biét 1a khi két hop v6i phuong phap phan tich thir bac
m¢o (AHP - fuzzy) dé tinh toan trong so tiéu chi va xay
dung ban d6 ton thuong sinh thi.

- Budc 2 - So sanh cap bang 50 mo tam giac
(TFN): Thay vi st dung gid tri sO cy the nhu AHP
truyén thong, Fuzzy AHP sir dung ham s mo tam giac
(Tnangular Fuzzy Numbers - TFNs) dé biéu dién danh
gia mo ho. Viée chuyén doi tir s6 1 rang sang TFN md
duoc thyc hién trong bang 2 (Chang, 1996; Satty T.L,
1980) Méi gié tri trong ma trdn AHP dugc thay bang ba
s6 1an luot 1a 1, m va u, tuong (mg vdi gia tri thép, trung
binh va cao. Ham s6 TFN dugc ky hi¢ula E = (I, m, u).

- Budc 3 - Tinh gia tri tong hop mo (Synthetlc
Extent): Dya theo phuong phap cua Chang (1996), gia
tri tong hop mo Si cua ti€u chi i dugc tinh bang:

Ha Tuén Cudng

M,

z,lz,l G)

Trong d6: Mij la gia tri mo cla so sanh gitra tiéu
chiivaj

- Budc 4 - Tinh d6 kha ndng va vector vu tién:
Do kha nang V (Si = Sj) thé hién xac suat ma Si lon
hon hozc bang Sj. Tir d6 xdy dung ma tran so sanh dé
xac dinh do wu tién.

l,néumi>mj

Onéul >y
l—u

(mi~ u/) (m—l)

V(Si = Sj) =
trong truong hop con lai  (4)

- Budc 5 - Gidi mo (defuzzification): Su dung
phuong phap trung tam trong so (Center of Gravity -
COG) dé chuyén cac gia tri md vé dang sb thuc:

l+m+u
5
o (5)

W =

- Budc 6 - Chuan hoa va klem tra nhat quan

bé danh gia tinh hop ly trong 5O g1ua cac chi sb,
Saaty dé xuat st dung ty s6 nhat quan (Con51stency
Ratio - CR). Néu CR>0,1 (tuc 1a 10%) thi cac danh
gia co the khong nhit quan dé tin cay. Tuy nhién, néu
ty 1¢ nhat quan (CR) < 0,1, co thé suy ra rang ma tran
clua nghlen ctru hoan toan nhit quan.

Chi s nhat quan (CR) dugc tinh theo cong thirc
(Das & cong su, 2023):

i
@

Chi s6 nhat quan (CI - C0n51stency Index) do
ludng mic do chéch hudng nhit quan:

Bang 2. Thang do va mé ta dua trén AHP va AHP - fuzzy

Pinh nghia Cz‘;ﬁi ‘_i%‘{ulfn F-AHP Tr}:;lli%: }(11(()1;26
TAm quan trong bing nhau 1 (L L1 (1,1, 1)
TAm quan trong trung binh cta yéu t6 nay so véi yéu t6 kia 3 (2,3,4) (1/4,1/3, 1/2)
Tam quan trong thiét yéu hodc manh mé ctia yéu t6 nay so véi yéu t6 kia 5 4,5,6) (1/6, 1/5, 1/4)
Tam quan trong rit manh 7 (6,7, 8) (1/8,1/7, 1/6)
Tam quan trong cuc ky 9 (8,9, 10) (1/10, 1/9, 1/8)
2 (1,2,3) (1/3,1/2, 1)
R 4 (3,4,5) (1/5, 1/4, 1/3)
Gia tri trung gian gitta cac mirc danh gia lien ke
6 (5,6,7) (1/7,1/6, 1/5)
8 (8,9,10) (1/10, 1/9, 1/8)
Bang 3. Phan loai chi s6 ngiu nhién RI
n 2 3 4 5 6 7 8 9 10 11 12 13
RI 0 0,58 0,9 1,12 1,24 1,32 1,41 1,45 1,49 1,51 1,54 1,56
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Ax — 1
Cr =" ()
Trong do: A la gia tri trung binh cta vector nhit
quén; n 1a sb tiéu chi.
RI (Random Con51stency Index) 1a chi s6 ngau
nhi€n va phu thudc vao so ti€u chi duogc so sanh (dugc
thé hién qua bang 3).

2.3. Chi s ton thwong sinh thdi (EVI)

Sau khi xac dinh cac mirc dénh gia va trong s0 cua
cac tham sd, cac 16p ban do tham s6 tham gia duoc chdng
lop trong moi truong lam viée cua ArcGIS. Tlep do, chi
s0 EVI dugc tinh toan theo cong thire (5) va thanh lap
ban d6 dé danh gia muc do dé ton thuong sinh théi.

EVI=Y"2wxr, (5

Trong do: w, 1a trong so cua tham s0 i; r, la muc
danh gia cua tham s0 i.

2.4. Phan tich ty twong quan khong gian cua dir liéu
nguy co ton thuwong sinh thai

Trong nghién cltu nay, ty twong quan khong glan
dugc thyc hién nham danh g1a mirc d lién két g1u’a gia
tri ciia mot thugc tinh v6i cac thude tinh 14n can trong
khong gian (Kuman & cong su, 2019). De xac dinh sy
tuong quan vé mat khong glan ctia chi s6 dé t6n thuong
sinh thai (EVI), nghlen ciru nay st dung phuong phap
thong ké khong glan Moran’s I. Chi s0 Moran duoc st
dung dé danh gia muc do phan cum ctia mot bién theo
cac quy md khac nhau. Thong ké khong gian nay duoc
thuc hién trong phan mém ArcGIS 10.8 dé danh gia
su phan bd khong gian va muc do phan cum cua EVI
vao nam 2023 tai TP.HCM. Bong thot, chi so lién két
khong gian cuc bd (LISA) dugc ap dung dé tinh toan
gid tri Moran’s I tai ting don vi khong gian, qua d6 lam
16 cac mobi quan hé khong gian mang tinh dia phuong.

Bang 4. Phan cum lién két khong gian (LISA)

Nhoém phan cum Mo ta

Khu vuc ¢6 EVI cao va cac khu vuc lan cén cling

High — high (HH) c6 EVI cao.

High — low (HL) Khu vuc c6 EVI cao nhung cac vung lan can co

gid trj thip.

Low — high (LH) Knu vuc ¢6 EVI thap nhung xung quanh lai c6 gia
tri cao.

Low - low (LL) Khu vuc c6 EVI thap va cac ving xung quanh ciing

6 gia tri thép.
Khéng c6 quan hé khong gian dang ké giira khu vuc

Khong ¢4 § nghia va vung lan can.
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3. Két qua va thao luin

3.1. Twong quan giiva cdc chi sé sinh thdi —
khu vwe nghién ciru

dia ly tai

Dé danh gia mdi quan hé giita cac yéu td tuy nhién
va yeu t6 con nguoi trong khu vuce nghién ciru, ngh1en
ctru tién hanh phan tich tuong quan Pearson gitra 12
16p raster bao gorn céc chi s6 dia hinh, khi hau, thyc
vat, sinh hoc va phat trién do thi (khong dua vao 16p
tham phu bé mit dat vi khong co thang gid tri 0 — 1).
Két qua duoc the hién qua ban d6 heatmap tuong quan
(hinh 4), 1am noi bat cac mbi lién h¢ manh me ca theo
chiéu dwong va chiéu am. Mot s0 modi twong quan
duong dang chu y bao gom

- Mbi tuong quan rat cao gifta chi s6 xay dung va
mat do dan so (r = 0,80) phan anh rd dac trung khong
gian d6 thi cia TP.HCM. Céc khu vuc ¢6 muc do bé
tong hoa, ha ting day déac cling chinh la noi tap trung
dan cu dong nhu cac quan trung tdm va mot so khu vuc
dd thi méi nhu quan 7, thanh ph Thu bure.

- M01 lién h¢ glua mét d§ dan sO va nang suét sinh
hoc so cap (NPP) véi hé s6 tuong quan kha cao (r =
0,66), diéu nay co thé phan 4nh tic dong vung ven do.
Thay vi dai dién cho khu vye trung tdm, moi quan hé
nay nhiéu kha nang dén tir cac khu vuc ven do, noi dén
s0 tang nhung van con hoat dong néng nghiép, trong
rung, dién tich mang xanh con tuo*ng d6i 16n hoac kénh
rach xen ké&. Do do, nhiing ving nay vira c6 gia NPP
cao, vira 6 xu huéng do thi héa va gia tang dan cu, dan
dén mbi tuong quan duorng gitra hai yéu to.

- Tuong tu, chi s6 xdy dung ciing c6 mdi tuorng
quan duong v6i NPP (r = 0,53), phan anh cac Vung
chuyen d6i dat dai tir nong nghiép sang do thi, noi qua
trinh xdy dung dién ra nhung chua lam mat hoan toan
tham thyc vat.

- M6i lién hé gitra d6 am dét va x6i mon (r = 0 ,86)
cling ddc bi¢t dang cha y, dién ra tai cac vung ¢6 do am
cao nhu Nha B¢, Can Gio, hodc cic khu dat thap ven
séng, noi 6 nguy co cao bi x6i mon dat. Didu nay co
thé dlen ra khi luong nudc du thura, dac biét trong didu
kién mat 16p phu thyc vat, s& ddn dén hién tuong rua
tr6i bé mit. Pay 1a mot canh bao quan trong vé sy suy
giam chirc nang sinh thai tai cac ving dat ngap hodc bi
khai thac khong hop ly

Ngu(rc lai, mot s6 mbi tuong quan am rat manh cho
thdy mbi quan hé nguogc chiéu dang chu y. Dac biét,
NPP va x6i mon ¢6 tuong quan &m manh (r = -0,96),
phan anh rang nhitng khu vyc bi x6i mon nghiém trong
thuong c6 muc nang suat sinh hoc thap, nhleu kha
ning do dat ngheo dinh duo*ng, thyc vat khong thé phat
tri€n. Mot moi quan voi hé s0 twong quan cao dugc ghi
nhén g1u’a d6 am va NPP (r =- 0,83), cho thay ving dat
qua am co thé khong thuan loi cho nang suét sinh hoc,
c¢6 thé do ngap ung kéo dai hodc cau trac dit khong

phu hop.
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Hinh 4. Biéu dd heatmap twong quan giita cac yéu t6 bing hé sé Pearson

Bang 5. Ma tran trong s6 AHP — Fuzzy cho cac tiéu chi danh gia ton thwong sinh thai

Ma tran AHP - Fuzzy

Chi s Chi sé danh gia -
A B C D E F G H Trong s
D6 cao (A) 1LY (1,1, 1, 1,1) G») 1,11 1,1, G») G,) 0,04
Do dbe (B) 1L (1,1,1) 1, 1,1) Gy) 1,1, 1, 1,1 G,) G,) 0,03
Nhiét do (C) 4.5,6) (4,5,6) 1, 1,1) oLy AL (1,LD) 0 (2,3,4 (.45 015
Nhay cam Luongmua (D)  (4,5,6) (4,5,6) 1, 1,1) Ly AL (1,1, Gy) G,) 0,29
sinh théi (S) Chi s6 SPI (E) 11,1 (1,11 1,1,1) 1Ly Ly (LD (LD (1,1, 0,10
D6 &m (F) 1Ly (1,1, 1, 1,1) Ly Ly (1L G LY 3,51 016
X6i mon (G) 6,7,8) (6,7,8) Gy) 23,4 1,1, (1,1,1) L1 1,11 016
LULC (H) 2,3,4) (2,3,4) Gy) “4,56) (1,1,1) (1,1,1) (1, L1 (1,11 007
Khé ning Chi so NPP (A) 1,1,1) (4,5,6) Gy) oo 0,28
phyc hoi sinh  Chi s SIDI (B) G.) (L Gy) 064
thai (R) Chis§NDVI(C)  (2,3,4) (6,7,8) 1, 1,1) ’
Ap e snh Mat d? dansb(A)  (1,1,1) (4,5,6) . 0,83
thai (P) Chi }530U >;agg t;h.mg ) (LD ’
Kiém tra tinh Nhay cam sinh thai 00,1
“h‘"ztc‘g‘é“ Khé nang phuc hdi sinh théi 0,056 0,1
Ap luc sinh thai 00,1

Tong thé, phén tich heatmap cho théy rd sy tuong
tac phuc tap gitra cac yéu tb sinh thai va nhén sinh trong
khong glan dialy. Nhlmg mdi quan hé n6i bat nay khong
chi cung cap ¢0 s¢ cho viée hi€u 16 co che bién d6i moi
trudng, ma con 1a tién dé quan trong dé tich hop dir ligu
da chleu trong quan ly tai nguyen quy hoach phat trién
bén vitng va phan tich rii ro méi trudng.

3.2. Két qud tinh todn chi sé ton thwong sinh thai (EVI)

3.2.1. Gid tri trong s6 timg thanh phan dwa trén AHP
- Fuzzy

Pé xac dinh trong s6 cua cac yéu tb, ba ma tran
AHP duoc tao ra bang cach so sanh timg cdp hai yéu
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t6 dya trén muc d quan trong twong 601 cua chung 601
v6i mot chi s6 cip cao hon. Trong sO cua cac chi sO
khac nhau duoc tinh todn bang phén mém Excel, dua
trén phuong phap AHP — Fuzzy, két qua cudi cling thé
hién ¢ bang 5.

3.2.2. Tinh dé bi ton thuwong sinh thdi

Két qua phan tich AHP - Fuzzy cho thay rang, yeu
t6 lugng mua trong nhém nhay cam sinh thai, chi so
NDVI trong nhém kha nang phuc hdi va mét d¢ dan sO
trong nhom ap lyc sinh thai 1a ba trong s6 anh huong
nhat dén tinh ton thuong sinh tai TP.HCM (tinh vao
nam 2023). Hé s nhit quan CI déu < 0,1 cho thy két
qua nghién ctru hoan toan tin cdy trong phan doan va
xdy dung ban do Phuong trinh EVI sau khi tinh toan
ma tran trong s6 nhu sau:

EVI = (DEM x 0,04) + (P9 déc x 0,03) + (Nhiét do
x 0,15) + (Lugng mua x 0,29) + (LULC x 0,04) + (Chi
5O SPI x 0, 1)+ (P 4m x 0, 16)+(X01m0nx0 16) +
(Chi s6 NPP x 0,28) + (Chi sb SIDI x 0,07) + (Ch1 sO
NDVI x 0,64) + (Mat d6 dan sb x 0,83) + (Chi s BUI
x 0,17)

Tiép dén, nghién ctru sir dung phwong phap tdi uu
hoa Jenks, con duge goi 1a phuong phap phan loai theo
diém gy tu nhién Jenks (Jenks Natural Breaks) aé
thanh l4p ban do tinh ton thuong sinh thai. Két qua ban
d6 phan ving nguy co ton thuong sinh thai tai TP.HCM
nhu sau: Chi s6 dé bi tén thuwong sinh thai (EVI) cho
thay gia tri thap 0 khu vuc phia Dong Nam (tuong ung
voi huyen Can G10) va huyen Cu Chi; gia tri cao ¢
khu vye cac quén ni thanh voi thanh phd Thi Puc tai
TP.HCM. Theo két qua thong ké, dién tich khong gian
cac cap do ton thuong sinh thai nhu sau:

Bang 6. Dién tich thong ké
cic cap ton thuong sinh thai

STT Cép do Dién tich (ha)
1 Tiém nang 33.234,12
2 Nhe 37.581,21
3 Thép 35.364,24
4 Trung binh 45.552,6
5 Cao 15.747,66

Trong nghién ctru nay, mirc d6 dé& bi ton thuong
sinh thai cao dugc cho la nhimg khu vue ¢6 mat do do
xay du‘ng va dan sb cao, dan dén tham phu thuc vat
thap va tac dong gian tlep 1an tryc tiép céac qua trinh
tuong tac glua bé mit dat véi khi quyén, khién cho
nhung ndm gan day, hién twong dao nhiét tai cac quan
ndi thanh cung nhu nhung khu vyc ¢6 ty l¢ dat xay
dung cao g1a tang v6i nhitng dot ning néng kéo dai.
Trai lai, noi ¢6 tham phu nrng cao nhu dién tich rimg
trong tai Cii Chi, rimg ngap min Can Gio ¢6 mirc do

82 Tap chi Phat trién va Hdi nhap sb 86 (2026)

ton thuong thap. Sy phat trién ciia tham thyc vat dong
vai tro thye hién cdc chirc ndng h¢ sinh thai nhu bao
v¢ nudc va dat duy tri da dang sinh hoc, d1eu hoa khi
hau... Cac yéu tb khi hau, 1a nhung yéu t6 moi truong
co ban anh hudng dén dong thai ctia tham thyc vat.

MUC DO TON THUW'ONG SINH THAI (CHI SO EVI)

h

Mirc d ton throng sinh thai
\:| Tiém néng (Potential)

[ ] Nhe (Light)

[ Thép (Low)

B rung binh (Medium)

I c:o (High)

Hinh 5. Két qua tinh toan chi s0 ton thu’(rng
sinh thai tir cac thanh phan gan trong so

3.2.3. Phan tich dé nhay dé kiém dinh mirc dé on dinh
cua mo hinh

Phan tich do nhay la budce quan trong dé kiém tra
mirc d6 6n dinh va tin cay cua md hinh danh gid, dac
biét 1a trong truong hop cac trong so tiéu chi duge xéc
dinh dya trén danh gia chuyén gia, co thé mang yéu
to chu quan. Phan tich d¢ nhay dugc thuc hién theo
de Xuét ciia Saaty (1980) va céac nghién cliru ung dung
gan day (Karamouz & cong sy, 2011; Das & cong su,
2023), bang cach hiéu chinh £ 10% trong s6 cua cac
ti€u chi chinh trong timg nhom. Phuorng phap nay con
duoc goi la phan tich d§ nhay trong s6 ti€u chi (weight
perturbatlon) Day 1a lam nhiéu hoic dleu chinh trong
s0 ti€u chi trong mot pham vi nhat dinh dé danh gia mirc
do anh huong dén két qua ra quyet dinh, viéc 1am nhiéu
trong s0 khong chi lién quan dén gié tri trung tam ma
con anh hudng dén bién dudi va bién trén cua cac sO mo.

Trong nghién ctru nay do nhay duoc klem tra bang
cach hi¢u chinh trong 0 + 10% va + 20% db6i voi 03
tiéu chi co trong s6 cao nhit trong mdi nhom chinh:
Nhom nhay cam sinh théi: luong mua (S4); nhom kha
nang phuc hoi: chi s6 NDVI (R3); nhém ap lyc sinh
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Hinh 6. Swr khac biét giira chi s6 EVI khi thay di trong s6 + 10% va 20%

thai: mat do dan sd (Pl) bé danh sy thay doi gitra EVI
hiéu chinh trong s6 v6i EVI gdc theo ty 1¢ phan trim,
phuong phap mé hoa nhi phén (binary classification)
dugc ap dung dé don gian hoa viéc phan loai: néu co
su chénh I¢ch thi dugc gan gia tri 1a 1, nguoc lai 1a 0
(khong chénh 1éch):

Két qua so sanh glua ban d6 EVI goc va ban do
sau khi thay ddi + 10% va 20% trong s0 cho thiy déu
c6 tong dién tich ving c6 thay doi cap do t6n thuong 1a
0,039 km? (twong duong 3,91 ha), chiém khoang 7,8%
trén tong dién tich vung nghién cttu (~ 0,5 km?). Mtrc
thay d6i nay rat nho, cho thidy mo hinh danh gia ton
thuong sinh thai bang Fuzzy AHP ¢6 dg 6 6n dinh cao,
khong bi anh huong dang ké boi bién dong nho trong
trong so tiéu chi dau vao.

3.2.4. Phan tich tw twong quan khong gian cdc viung
ton thuwong sinh thai

Tir ban dd LISA (hinh 7), c6 thé thay cac khu vuc
¢6 muc d6 dé bi ton thuong cao chu yéu tap trung O cac
quan noi thanh va thanh ph6 méi Thii Duc v6i sy hinh
thanh cac cum Hot Spot (99% miic tin cay), thé hién sy
tap trung cao cac gia tri ton thuong

Trong khi do, cac khu vyc c6 muc do dé bi ton
thuong thap tp trung nhirg khu vyuc hoat dong néng
nghlep va dién tich rung 16n voi d dé bi ton thuong
tiém an va nhe, thé hién qua cac cym Cold Spot, ti€u
biéu tai Cu Chi, Nha Be, Can Gio, Hoc Mon.

Két qua phan tich chi s6 Getis-Ord Gi* cho thiy
gia tri Observed General G dat 0,000058, véi z-score
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1a 37,021 va p-value bang 0. Gia tri Z-score rat cao,
vugt nguong +2,58, twong Umg v6i muc y nghla thong
k€ 99%, chung to khong gian phan bd cac gia tri khong
phal ngau nhi€n ma c6 xu hudng tap trung dang ké cac
gié tri cao gan nhau.

Critical Value
(z-score)

Significance Level
(p-value)

Observed General G: 0.000058
z-score: 37.022451

0.01
0.05
0.10

p-value: 0.000000

0.10
0.05
0.01

maoooon

<-2.58
-2.58 - -1.96

-1.96 - -1.65
-1.65 - 1.65

1.65 - 1.96
1.96 - 2.58
>2.58

A —

Significant

|

Significant

Hinh 7. Két qui kiém dinh
thong ké khong gian toan cuc

Phan b6 két qua z- score hoan toan l¢ch ve ph1a bén
phai ctua duong cong chuan dai dién cho vung c6 y
nghia thong ké cao nhat (p < 0,01). Dong nghia rang,
tinh ton thuong sinh thai khong chi xuat hién don 1 ma
c6 tinh phén cum trong khong gian ro rét.

Tuy nhién, dé 1am rd hon vé ban chat khong gian
cua cac cum nay va giai thich vi sao mot 5O khu vye lai
c6 gié tri cao/thdp hon so voi lan can, ban dd phan cum
LISA di duoc str dung dé boc tach mbi quan hé cuc bd
gitra cac don vi khong gian:

- Cum High - High (H - H) chu yéu trung véi vung
Hot Spot trong Moran’s I, cho thay day 1a cac khu vuc
vira co gla tri ton thuong cao, vira nam trong vung lan
can co gia tr1 cao, tiéu biéu tai cac quan trung tam, dac
trung chu yeu 12 it hodc khong c6 cy xanh, dién tich bé
mait khong thdm 16n dén tir bé tong hod, nhya dudng...

- Cum Low - Low (L - L) phan b6 tap tmng o Cu
Chi, Can Giod, Nha Be, cling trung khop véi cac Vung
Cold Spot tir Moran’s I, thé hién sy dong nhat vé gia tri
thap ctia ton thuong sinh thai trong khong gian lién ke.

- Cac diém ngoa1 lai (Outliers) nhu cum High -
Low (H - L) ¢ ria quan 12, Binh Tan, va cum Low
- High (L - H) ¢ ven quén 2 Nha B¢ 1a bang chiing
cho thdy c6 mot sb khu vuc khong tuan theo xu thé
chung Khu vue c6 gia tri t6n thuong cao nhung nam
gitra vung gid tri thap (hoac nguge lai). Diéu nay co
thé phan anh sy ton tai ciia cac yéu t6 noi bo nhu: do
thi hoa cyc by, thay d6i sir dung dat, hodc hoat dong
kinh té khac

Viéc két hop Moran’s I v6i phan cum LISA khong
chi glup xac dinh sy ton tai cua tu twong quan khong
gian ma con giai thich duoc sy khong dong déu trong
phan b tinh t6n thuong sinh thai. Cac cym LISA 1am
o tinh hop ly ciia ban d6 Moran bang cach xac dinh
chinh xac cac khu vuc c6 tuong quan cuc bd manh va
cac ngoai 1¢ khong gian, tir d6 gitip dé xuat giai phap

PHAN CUM LISA VE TiNH TON THU'ONG SINH THAI
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Hinh 8. Phin cum va tip trung khong gian ciia tinh ton thwong sinh thai
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quan ly sinh thai hi€u qua hon tai cic vang ven hodc
ngoai vi d6 thi dang bi bién d6i manh.

4. Két luan

Dé danh gia do d& bi ton thuorng cua hé sinh thai tai
TP.HCM vao nam 2023, md hinh ap luc — nhay cam —
kha nang phuc hoi sinh thai, két horp v6i phan tich thu
bac mo (AHP — Fuzzy) tir 13 chi s6 da lya chon. Chi
sO tinh de bi ton thuong sinh thai (EVI) cho thdy cac
gia tri thip phan bb & cac huyén ngoai thanh, noi ¢6
dién tich tham thuc vat tucmg d6i 16n nhu huyén Can
Gio, huyen Cu Chi va gia tri cao ¢ tap trung toan by
céc quan trung tam véi toc do do thi cao, thiéu di mang
xanh trong phan bd khong gian. Két qua nay phu hop
v6i cac xu huong duoc xac nhén bai phan tich tuong
quan: mat do dan sO, chi sé xdy dung va cac yéu td
sinh hoc c6 mdi lién hé chit ché, phan anh 16 dic tmng
vung d6 thi trung tdm — ven d6. Phén tich d¢ nhay va
twong quan cho thdy mé hinh c6 do o on dinh t6t, phan
anh chinh xéc tac dong cta cac yeu to nhu lugng mua,
chi s6 NDVI va mat do dan s6. Diéu nay khang dinh
tinh tin cay va kha nang ing dung cia mo hinh trong
cac bdi canh do thi tuong tr.

Nghién ctru cung cap bang chiing khoa hoc giup dinh
hudng chinh sach bao vé mai truong do thi theo huong uu
tién kiém soat ap lyc nhén sinh, bao ton tham phu va cung
cb kha nang phuc hdi sinh thai. Két qua c6 thé hd tro cac
nha quan ly trong viéc xdc dinh viing uu tién can thi¢p va
hoach dinh quy hoach d6 thi bén vimg hon.
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Assessment of Ecological Vulnerability Using a Combined Fuzzy
Analytic Hierarchy Process (AHP-FUZZY) and Moran’s I Spatial Statistics
in Ho Chi Minh City

Ha Tuan Cuong
Southern Sub-Institute of Forest Inventory and Planning, Vietnam

Abstract

With the expansion of urbanization, the spatial ecological interaction between humans and the natural environment
has received increasing attention. Therefore, quantitatively assessing ecological vulnerability plays a crucial role
in the protection and restoration of ecosystems in sensitive areas. In this study, the AHP-PSR (Analytic Hierarchy
Process - Pressure - State - Response) model combined with fuzzy logic analysis was applied to evaluate the
ecological vulnerability of Ho Chi Minh City in 2023. The PSR framework was used to select 13 indicators, AHP—
Fuzzy was employed to determine the weight of each factor, and GIS was applied to spatially assess ecological
vulnerability. The results show that areas with high ecological vulnerability, covering approximately 15,746.66
hectare, are concentrated in central districts with high construction density. In contrast, low vulnerability areas,
with more than 33,000 hectares, are mainly distributed in greener suburban areas such as Can Gio and Cu Chi.
The contrast in ecological vulnerability levels highlights the role of human activities in altering the natural
environment. Notably, humans can improve already vulnerable ecosystems through positive and proactive
environmental actions.
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