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Abstract

A deeper understanding of environmental vulnerability is essential for crafting effective sustainability
strategies. However, data deficiencies and methodological uncertainties often obscure a
comprehensive grasp of the underlying issues. This study employs Google Earth Engine (GEE)-coded
satellite imagery and the Getis spatial autocorrelation test to examine spatial patterns of environmental
vulnerability in 397 Iranian counties from 2011 to 2021, framed within the theoretical lens of
vulnerability.

The results of the Getis test reveal heterogeneous distributions and diverse vulnerability patterns across
Iranian counties in various dimensions, including air pollution, greenhouse gas emissions, changes in
temperature and precipitation, groundwater depletion, biodiversity threats, and soil erosion,
particularly in the central, southern, eastern, and northern regions. Emphasizing the role of distinct
spatial patterns in terms of “sensitivity” and "exposure,” this research suggests that environmental
policies in Iran should be tailored to regional spatial disparities and socio-ecological characteristics.
This approach can enhance adaptive capacity and mitigate environmental vulnerability in critical
areas. The use of algorithmic techniques for environmental vulnerability indexing, combined with
spatial data and population analysis, provides a robust framework for future research. This framework
can be applied in national and regional planning to alleviate environmental pressures and improve
sustainability.
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Fig.3. The spatial pattern and trend of changes in the average greenhouse gases(CO, & CHya)
across Iran from 2011 to 2021.

L3l Ol s
50 s s o O ol ok el S ke das e Ol F S
o Jled (Il Glaotio gd  Llae 5oz Jla) 5 5 g Rh glos 5185 B (58 0 glaokn 4
a3 VAT Sl 58 o (glos Sle a8 s e OLES prizeen 2 Ates 55 (5 2eS gles
53 3 YT 505 Ol Jlo o e S 68 1748 Jlo s o1 8 8L YTIA WYL JL 5 51 S sl

Lﬁ"")ﬂb)}ﬁ 09> djlﬂ)b JJ§ J“.;Lw AQ-JJY)}A;S‘SLAJ J:.<..:L;A 456)}194.3 Sl 41.9{.: J';i‘).‘)‘\\c" dl.w



oSl Sl 4 Ol e Wl ade SO s Ly Il ol by (n Sae Sl 4Bl 5153
G 3 5 01 Ol 5528 Sk R das e OLE T ISE gl (ol Ly esdle 135 o)Ll a3 2
b SKlke el 558 o Eols 5 Jld Sl ke g 3 S(ossba anl l3, s (gles xS
oS glas bkl 31 zaS” 2L S0le S50 5 B8 e (G s (B SOk e 53 5 g
Jlo 515588 S 20k S0k &8 das e 0L 3 iVl (3L 80k Sl Ay cpln oDl o
Sl Saie LAV er Jle s 5 sl Lol 3 VYAV Jle 53 i s VY @ ze s YFY liis L YTA

.w‘aw)wlhﬂb)}db)‘jbjbb}}&&ﬁ;wg4{6}4&\qo ‘J,Z_)LJ

34
33/5
=0l N “f 33
oo 329
329
g 1STindes 2011 2821 31@
0 s o 31
L] 991320609
[ 20609- 31304 30/5
31304 - 411999 30
W o 52605 N O X000 Q09 0N
S ok NY A R N K2 RO NY N N2 9P )
= el S S
0 95 19% 380 570 760 Year
Km
cla.n slbos Wlues Kl a2 ch..a sbos dlues 5 Kke Ky,
The 10-year average surface temperature map The 10-year trend of average surface temperature

350
.............. 260
................... "
. 260
a.
1%
(] Average Precipitation index 2011-2021
lgg) g 311262 -91/599
5& 91/59 - 134/69
o [ ] 13469 - 22081
- . o o o o o o — - - 0 g 229/51 - 41052
20112012201320142015201620172018201920202021 & =4wsz-mm
water_body
Year < Horder of conntc
0 9519 380 570 760
™ o= e = e O
b dlues (Kile Wiy, Db Alues (Kl a2
The 10-year trend of average precipitation The 10-year average precipitation map
* & 4 ™ é- . e Z
G gladle ub Ol gl 598 (ui)b”, L) w.bl Ol s wm.. Ly g 2l S JS.}:,
AR R

Fig.4. The spatial pattern and trend of average climatic changes (Temperature and Precipitation)
across Iran from 2011 to 2021
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S5 o SOk 4 Olie SIS SKilke gl b bl 53 das o 0L S il oS 5b0kes
JSE 1 il bl 5 Ol S8 LS ol 058 B8 g 5 g B o cs s
Al 5 me 53 a0l sl Ol ey Ghla cnl 53 Elo 4SS a0 55 S O g0l gl oS dins s
S G0 dled It glaokie g 55 Ol SLESH i, Olpe b b3l 3 pioman S e Al
ot O ) gl o ol S0l g Ol (/W o/ 0 0T s Oljn i
DLl L) Olse cp it L §ls sbaasT (8 IS 5 S ol (St 555 U5n5] il o5 o
oo S o Aol |y el bl Olyea 5538 38 Jld 5 655 0 o Sl Sl glaokn g3 5 Ol
SlolS S8 Laml s o bl sble Olgew YU Hlasl oSle 5 iy b 655 0 ook g o opl
.:aﬁ@$umab



Average Methan HotSpots 2011-2021
Gi_Bin
I ol Spot-99% Confidence Average Methan index 2011-2021
I Cold Spot - 95% Confidence I(mol fraction)

Cold Spot - 99% Confidence I 1560953 - 1890831

Not Significant [0 1890.831 - 1896037

1896,137 - 1902.703
B 1902703 - 1909.487

B o5 1923907 )
I Vacer vody N

Border of countics

Hot Spot - 90% Confidence
B 1ot Spot - 95% Confidence

I 1o Spoc - 9% Confidence \
B Vater body . x
Border of counties !

0 95190 380 570 760
Km

0 9519 380 570 760
e el K 1)

() O 5&ils i 320 5 5 Bl (a8
Hot and cold spots of the average methane (Getis)

o ‘

[ Cod spid- 9% Contidense
I Cold Spot - 95% Contidence

Cold Spot - 90% Confidence

Not Sgnificant

Hot Spot - 9% Confidence
N w0t Spot - 95% Confidence S
A )
I e bty %

Border of counties ! [
0 95190 380 570 760
e e

() 0a 58 Ay s g0 5 5 s sloaS) Julos

Analysis of hot and cold spots of the average growth

Growth Rate Methan HotSpots 2011-2

The average mean of methane gas

[ .00+ 0003

[0 00003 +» 000068

M6 N
I 000068 4 0.00173 P
B v oy N

Border af coundies

095190 3N 5T 760
K

The growth rate of methane gas

Vulnerable to damage s b ol 5 20 53

Sensitivity ¢l

rate of methane gas (Getis)
¥ ladle b Oke labdS 58 oLad Kieas g jasld 5 Ad) Ol (il 4l -4 K3
AR KR

Fig.9. The map of the average, growth rate, and spatial autocorrelation index of methane greenhouse
gas from 2011 to 2021.
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Fig.10. The map of the average, growth rate, and spatial autocorrelation index of CO: greenhouse
gas from 2011 to 2021.
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Fig.11. The map of the average, growth rate, and spatial autocorrelation index of climate change in
temperature from 2011 to 2021.
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Fig.13. The map of the average, growth rate, and spatial autocorrelation index of groundwater
resources from 2011 to 2021
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Fig.14. The map of the average, growth rate, and spatial autocorrelation index of biodiversity
from 2011 to 2021
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