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Abstract

A timely and comprehensive assessment of the urban ecological environment and its evolving trends is essential
for urban planning, human habitation, and sustainable urban development. This research aimed to evaluate the
spatio-temporal changes and conduct a comparative analysis of the ecological livability index for the years 2003
and 2023 in the metropolis of Tabriz. By utilizing Landsat and MODIS images, we prepared 5 key variables:
Aerosol Optical Depth (AOD), Normalized Difference Vegetation Index (NDVI), Land Surface Temperature
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(LST), Normalized Difference Built-up Index (NDBI), and Normalized Water Difference Index (NWDI) to
calculate the ecological livability index. Data analysis was conducted using ArcGIS Pro, Excel, and Google
Earth Engine (GEE). The results derived from the CRITIC method for variable weighting indicated an upward
trend in ecological livability. Specifically, the average ecological livability index in 2023 was 1.60 compared to
1.58 in 2003, reflecting an overall improvement in livability quality.

Keywords: Ecological Livability, Spatio-Temporal Changes, Google Earth Engine (GEE), Remote Sensing &
GIS, Tabriz Metropolis.

Introduction

The rapid pace of urbanization has resulted in over 50% of the global population now residing in urban areas.
This surge has brought about numerous challenges, including declining health standards, increased social
pressure, and environmental degradation. In recent years, various theories and approaches have emerged to
address these urban challenges, particularly in metropolises. Concepts, such as sustainable development,
sustainable urban development, eco-city initiatives, the green city framework, livability metrics, and urban
sustainability and resilience, have been proposed to tackle these issues. These strategies necessitate a concerted
effort to enhance urban conditions and safeguard city environments.

The notion of urban ecological livability focuses on the quality of the environment surrounding local
residents, encompassing location characteristics, environmental comfort, and community ecology. It is evident
that residents aspire to thrive in a beautiful and healthy natural environment. Therefore, a key aspect of urban
ecological livability is the creation of a livable urban ecological environment. Consequently, a timely and
comprehensive assessment of the urban ecological environment and its changing trends is essential for effective
urban planning, human habitation, and sustainable urban development.

Tabriz, the capital of East Azarbaijan Province, is situated at 38° 88' north latitude and 46° 15' east longitude.
Nestled between the Sahand Mountain Range to the south and the Aun Ibn Ali Mountain to the northwest, Tabriz
ranks as one of the ten largest metropolises in Iran and is the largest city in the northwest with a population
estimated at 1,558,693 in 2015. The aim of this research was to evaluate the quality of ecological livability in
Tabriz for the years 2003 and 2023, utilizing remote sensing data to analyze spatial-temporal changes.

Materials & Methods

This research was categorized as applied research and employed descriptive-analytical methods. Variables were
identified through a comprehensive literature review and data were collected using Landsat and MODIS satellite
imagery, along with OpenStreetMap (OSM). Data processing was conducted using ArcGIS Pro, Excel, and
Google Earth Engine (GEE). Initially, the Land Surface Temperature (LST), Normalized Difference Vegetation
Index (NDVI), Normalized Difference Built-up Index (NDBI), and Aerosol Optical Depth (AOD) were
generated within the GEE environment. The variable of Normalized Water Difference (NWD) was prepared
using OSM. Following this, the CRITIC method was applied in Excel to calculate the weights of the variables
and the final computation of the ecological livability index was carried out in ArcGIS Pro.

Research Findings

The results of the index calculation based on the weights of the variables revealed a consistent upward trend in
ecological livability. Specifically, the quality of ecological livability in 2023 with an average value of 1.60 was
higher than the average value of 1.58 recorded in 2003, indicating an overall improvement. In 2003, Regions 4,
6, and 1 exhibited the highest ecological livability scores, while Regions 3, 5, and 10 had the lowest. In contrast,
by 2023, Regions 2, 1, and 4 emerged as the top performers in ecological livability, whereas Regions 10, 3, and
8 ranked at the bottom with the lowest scores.

Discussion of Results & Conclusion

This study evaluated the ecological livability index of Tabriz metropolis to analyze spatial-temporal changes
from 2003 to 2023. The Ecological Livability Index (ELI_i) was calculated using key variables derived from the
research literature: Land Surface Temperature (LST), Normalized Difference Vegetation Index (NDVI),
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Normalized Difference Built-up Index (NDBI), Aerosol Optical Depth (AOD), and Normalized Water
Difference (NWD), all assessed through a critical weighting model. The weights assigned to these variables were
as follows: LST_i = 0.324, NDBI_i = 0.241, AOD_i = 0.215, NWD_i = 0.192, and NDVI_i = 0.028. Notably,
the highest weight was attributed to land surface temperature, while the lowest was given to vegetation density.

The results indicated that the quality of ecological livability across the regions maintained a consistent trend
from 2003 to 2023. In 2003, areas in the northern and southern outskirts of the metropolis displayed low
desirability values, whereas the central areas exhibited the highest livability scores. However, by 2023, the
southern regions of Tabriz experienced the greatest concentration of unfavorable conditions. It is important to
note that the final values of the ecological livability index could not be fully understood without considering the
direct effects of the variables and their respective weights. For instance, the variable of LST i = 0.324, which
had the highest weight, showed a declining trend and was most concentrated in the central and southern parts of
Tabriz. This decline corresponded with diminished vegetation growth in these areas and an increase in AOD,
leading to unfavorable ecological livability conditions. These findings align with previous studies conducted by
Liu et al. (2023), Bian et al. (2020), Hu and Xu (2018), and Yu et al. (2022).

In conclusion, this study underscores the necessity of considering multiple factors and their weights when
evaluating ecological livability. It offers valuable insights to the existing body of research on urban ecological
assessment and planning, providing essential guidance for policymakers and urban planners aiming to enhance
the livability of Tabriz metropolis and similar urban areas.
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Figure 4: The average values of the Ecological Livability Index of Tabriz metropolitan areas for 2003 and 2023

ECOLOGICAL LIVABILITY INDEX (ELI)

EMantagheh MIN MAXMEAN

1.71 1.97 1.84
1.77 1.92 1.84
1.661.96 1.81
1.751.81 1.78
1.6 1.93176
1.61 1.96 1.75
1.691.95 1.76
1.681.89 1.74
1.641.85171
1.6 1.88169 ™

2003

-O"U'!\JO(AJ-‘O-FGJN

IMantagheh MIN MAXMEAN

1.661.99[1.85
1.691.99[1.85
1.71 1.98[1.84
1.79 1.87[1.83
1.6 1.98(1.82
1.7 1.95(1.82
1.61 1.96 (1.8

1.621.96(1.78
1.641.88[1.74
1.5651.85[1.69

2023

O)COO\IS-I-'*OO'IN—"

SCALE; 50,000
IR O — | 2

Darum: WGS 1984
Oerr OBW,S 1) S5 s AL alg el 28 10 IS
Figure 5: Map of the final values of ecological livability index




VErE le (01 gl) gl oot sl Sl plb 53l Vet

S S 4ot
sladbw @l G Glos Dl il S son 55 208 (S5 AS1 G aditn Gt ol s o
LST, ) iasim & 5l sdslccwsas gla pize olul o ELL als o shiie -pl .t ob5,12023 52003
Jios 5 ol el el dilons S S 23055 Jute Sl e3lizad L 5 (NDVI, NDBSI, AOD, NWD
sNWD; = 0/192 .AOD; = 0/215 NDBSI; = 0/241 LST; = 0/324 La iz O35l o5 ja Sy S
AES s SIS 58 035 S 5 e e gles 4 g e 055 o &S el Cows NDVI; = 0/028
5 Cmmstae e m iV 5T Ghlie (SO5 S s pliian s (el Al Sl ol s Gl o
O ble 2023 Lo s blieys . 6505 2003 Ul 55 1y (SO5805S1 (6 st Cansllas o S Ve 500 bl
Slaad, po sldie p 2aS LA 5T O Gble 5550 1) (S550581 i s Cusllas o i i ja t )
534S 5y bolan Garls gla e 5 bl Olos (Stesen s 2 izeen (0 JS2) ol a8 S 13 51
e 5 55 e edalin wsake LU a5 Gble s NWD s NDVI la ite o 355 oo edalie 1 IS5
5 eialS al5sl a5 AOD ame .das e OLES |y 2ul55l s, NDBSI ize 5 2alS &) yoas LST
Lo ol j3 e S Ol s sl 5 0LAS aS ol anils 1y Sslite slayliie calizes sladle s bl
ol dilaie O Calises

S o e gladle sl Gble (S35 5ST (6 it s CukS L) 2580 sdalin S 5l aS ) sboles
53 e slae B b 552023 Jle s T3aee 2003 Jla s Ll o glhae b gblis 45 gy sboas 65,03 513 s
Glaliie oS oy 5 Jled Ll 3 Sl sble 2003 UL s (Blaos ol a8 S 15 VL glaas,
Gblie 4 &S > 12023 Jlu 3 caalslys ol axls 1) (6 pdum s (550 cp i 555 0 bl 5 oS S shlas
Sty 2 ld ol slasldde (IS 5 sbay 550 o0 odalie S shlae pde S ad cn il 2530 2
e 4 g pbany i3 S s LT 0l 5 La ke poiies 36 35 o 53 05 Ol a1y (050
(ilieys ol als | (S15 2 555 sy 5 S5 e Gble 5 S W, 035 o 2 LLSTy = 0/324
o=l 02 SSAS Spditans (2t AOD Jlie l3l 5 Gble cul o alS ids (6 pan (Rl5 pde b
S el 0T Sl b ze Olsl olal L2 la Sl 5l Jol> 2 3 el Cands 53 63 sdous
eSle e L 202300 53 (SG5 8 5S1 (6 ity kS 45 (5 sban el sl gy o) gy Sl i
Sk e 5wl 1 gt 5,0 V/0A e L2003 Jln o SSle 4 s VA
el 3 g ) S p

S s O sy e sdkdeslizal (glojlpale o slal Cussdome Lol iash Cussdes Julss
Al b Gy ol glaasl b S sl ml 5 &35 Sl a e Ll e oS Cele oSl SIS S
(2018) Xisheng & Hangiu .(2020) Bian et al. (2023) Liu et al. «2022) .Junbo et al alax 3l La jn g5,

o=l ks sl g g sddesls anws Gerla 3 S S e oS sls 0L s ciamen L Cowlial on



b‘)&«.&}dx«bab.w

SIS G pdym s gl S Gl Ol i b

St S il 53 3y sl 55 Gl 3l sams SIS ml Ll e s
s g St 3 3l ge sdelnay gl elal 35 eslial S de sla i, ) (S5
(A i L bl 5 555 e Gble so o sastay s L5 Ll [l 2
(S e s of Jed Jld 3 LST e 2alS gl g uaeb » »
2ol 55,8 5 ammate s Glas VT Sl s O3l 5 pslie Gla S L es 28 (IS K a5 B

S SIS G pdiians B Gl 2 NS o s

LS11; value N?\le value yaloe
1
1.4 . . 1.4 - =
13 ® ® ® ® ® 12 82
1.2 1.2~ 1.4
119 @ o ® @ 900 ® 1.1
1.0 & 1.0 -
0.9 0.9 year
0.8 0.8 -
07 0.7 B 200
06 0.6 B 2023
05 0.5 fﬁ.ﬁ.ﬁﬁﬁﬁ
0.4 0.4
2 2
°'j Zone 3: Zone
0.2 T T T T T T T T 1 e | T T T T T T T T 1
1 2 323 4 5 8 7 8 © 10 1 2 3 4 5 6 7 8 © 10
NDBSI AOD
159 value 159 value
1.4 14
12 12
1.2 12
1.1 1.1
1.0 1.0
0o 0.8
0.3 o 0.8 3
o7 ® © ® 0 9% 00 9 o ®
® o
06 06 o ®o ® 4
0.5 05 o
4 ® L 4
g’ e 0, 00 o gq '8 e
& Zone A bt » ZONG
0.2 02
| T T T T T T T T 1 2 | T T T T T T T 1
1 2 3 4 5 8 7 &8 0 10 1 2 3 4 5 68 7 8 0o 10

(Y SEL,E 1) 525 AN bl 5 s it gla jlaie 1\ IS
Figure 6: Values of variables and areas of Tabriz metropolis
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