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Urbanization, driven by rural-to-urban migration, significantly contributes to global
population growth and the expansion of cities. This growth intensifies the Urban Heat
Island (UHI) effect, where urban areas experience higher temperatures than surrounding
rural regions. Rapid urbanization also increases energy demand, air pollution, and
greenhouse gas (GHG) emissions, adversely impacting human health and well-being.
Consequently, studying factors influencing UHI intensity, particularly using Land Surface
Temperature (LST) as a key indicator, is critical for developing mitigation strategies
against the negative impacts of urban expansion. This research specifically examined
factors affecting UHI intensity and analyzed its temporal changes from 1363 to 1403 in
District 4 of the Tabriz metropolitan area, Iran. Key investigated indices included the
Normalized Difference Vegetation Index (NDVI), Normalized Difference Built-up Index
(NDBI), Land Surface Temperature (LST), Urban Heat Island intensity (UHI), Relative
Humidity (RH), and Air Quality Index (AQI). Methodology involved secondary satellite
data (Landsat 5 TM and Landsat 8 TIRS/OLI C2L2) for NDVI, NDBI, LST, and UHI
calculation. The ASCE-standardized Penman-Monteith method derived RH, while AQI
utilized data from local air quality stations. Multivariate linear regression analyzed the
relationships between these indices and UHI intensity. Findings revealed that NDVI
(vegetation cover) and RH exhibited cooling effects over the 40-year period, acting as
mitigating factors for UHI intensity (indicated by negative regression coefficients).
However, this cooling influence proved relatively insignificant compared to the dominant
heating effects resulting from increased built-up areas (NDBI) and reduced green space.
Crucially, the analysis showed substantial increases in NDBI and AQI coefficients by 1403
relative to 1363 and 1383. This signifies that intensified urbanization, urban expansion,
and associated air pollution have been the primary drivers significantly exacerbating the
UHI effect within Tabriz's District 4. The study concludes that the heating impacts of
construction and pollution far outweigh the cooling benefits of remaining vegetation and
humidity. These results underscore the urgent necessity for implementing sustainable
urban planning strategies focused on enhancing green infrastructure, expanding green
spaces, and managing land use effectively to mitigate the detrimental effects of urban heat
islands.
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Extended Abstract

Introduction

Urbanization, driven by rural-to-urban migration, intensifies the Urban Heat Island (UHI) effect, where cities
experience higher temperatures than surrounding rural areas. This phenomenon exacerbates energy demand, air
pollution, and greenhouse gas emissions, adversely impacting human health. Focusing on District 4 of Tabriz
metropolis, Iran, this study examines factors influencing UHI intensity and its temporal dynamics from 1984 to
2024,

Materials and Methods

Secondary satellite data (Landsat 5 TM and Landsat 8 TIRS/OLI C2L2) were used to compute key indices:
Normalized Difference Vegetation Index (NDVI), Normalized Difference Built-up Index (NDBI), Land Surface
Temperature (LST), and UHI intensity. Relative Humidity (RH) was derived via the ASCE-standardized
Penman-Monteith method, while the Air Quality Index (AQI) utilized data from local monitoring stations.
Multivariate linear regression analyzed relationships between these variables and UHI intensity across three time
periods (1984, 2004, 2024). Data normalization and spatial analysis were performed using ENVI, ArcGIS, and
SPSS.

Results

NDVI (vegetation cover) and RH exhibited consistent cooling effects, indicated by negative regression
coefficients. However, their mitigation impact was overshadowed by pronounced warming from increased built-
up areas (NDBI) and air pollution (AQI). By 2024, NDBI and AQI coefficients surged significantly compared to
1984 and 2004, highlighting urbanization and pollution as primary UHI drivers. LST emerged as the strongest
positive predictor of UHI (B = 0.85 in 2024). Statistical models showed enhanced explanatory power over time
(R2=0.81in 2024), confirming intensified UHI correlates.

Conclusion

The heating effects of urbanization and pollution substantially outweigh the cooling capacity of vegetation and
humidity in Tabriz. The findings underscore an urgent need for sustainable urban planning, emphasizing green
infrastructure expansion, land-use management, and air quality controls to mitigate UHI impacts. Future policies
should prioritize ecological resilience in rapidly developing regions.
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Model Summary

Std. Error of the

Model R R Square Adjusted R Square Estimate

1363 0.87% .61 0.58 1.25
a. Predictors: (Constant), NDVI11363, NDBI1363, LST1363, RH1363, AQI1363

ohe 698 (Stuwod 5| Sk &S cad AV L gy R lde &5 aad e lis (Model Summary) Jue awds
Lo () 4 ol ool Cawday +/5V b ol R Square jlaie yomes b o UHIL363 aiusly yuiio g Jiius (sl puio
sokaie 4 &S 35 Adjusted R Squarejlide .l oy [y UHI Glyiss (uibylg 5l o pd £V sgis canl B Jso oS
s il o Jao s ()l Sl & Casl SOA L ply wgs 0 Bld Jae 3 Jitue slapate sl 51 Mo
(Y Jgia) 58 oo dubi 1y Jao s Clguio a5 0393 VYO Jolao 35 3590y 3, lskiul

VY 0,93 5150 ANOVA 13li6 .Y Jous

ANOVA?
Model Sum of Squares df Mean Square F Sig.
Regression 4.15 5 8.3 25 0.0
1363 Residual 3.28 211 15
Total 3.32 216

a. Dependent Variable: UHI1363
b. Predictors: (Constant), NDV11363, NDBI11363, LST1363, RH1363, AQI1363
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(Y Jgis) 3yl (s)lsline 45l
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Coefficients®

Model1363 Unstandardized Coefficients Sézg?f?g?;?g ¢ Sig. VIF
B Std. Error Beta

(Constant) 2.10 0.95 - 2.21 0.036 -
NDV11363 -0.45 0.12 -0.32 -3.75 0.000 1.8
NDBI1363 0.72 0.15 0.56 4.80 0.000 2.1
LST1363 0.85 0.10 0.65 8.50 0.008 1.5
RH1363 -0.23 0.08 -0.18 -2.87 0.000 1.3
AQI1363 0.35 0.07 0.27 4.29 0.000 1.6

a. Dependent Variable: UHI1363

UHI ;1) cato 31 o 5g98 + /50 0ads 5kl (b oo L LST yii0 {Coefficients) ey o Jsio yolwl y

50 IV o LAQIL 5 /05 gl LNDBI pisen (p<0.01) cuwl jholize fo )3 A8 luwb] paws j3 1 ol g anils

poxals 21& /WA g oYY Like bt culps b s 4 RH g NDVI (Jlio ,> ilacsls UHI y lolise g cuto 50
(p<0.01) il o ybline (gylol Jas I 5 zuls oyl a5 wlo> S LyIUHI

oo B aden o s JSie 3939 pls sad i g ol 5158 YVl e ey adS” gl VIF polie
(F Jys2) ol Jin sl

UHI 5 (oo lo o (o bl (2954 dtudly A0 (955 Jio & Conl () 511 (Sb ool Comrey gl
rinte ) (NDBI) sxsaslo sblis asssi 5 (LST) cyoj o cslod Lyialiil 45 smd oo s loatdly sylos s |,
oyt ] by (s lins g ot Siosed 55 (AQ) Iy a8 pa5L5 et iz UHI G5l 1 50 Jolge
oo UHT @l 3l Lials’ as (RH) o gl o (NDVI) (b sy Gtalsdl oS00 w5 sl 42l 605 5\
UHI Cuds ials ) lap cutS daumy 9 (LS Gidsr Liuli8l wile Jase oM lie cuonl p <3St s opl wloads
W0
YYAY by95 ®
o P AQL s RH LST NDBI « NDVI gla yusiio 45 o o Lis WAY L (sly 6Bis oumw,S ) Jdo ol
los,S i) (g blime ids UHT Laslis ol s

YYAY 2,95 ,5 (Model Summary) Juso aods .0 Joua

Model Summary
Model R R Square Adjusted R Square  Std. Error of the Estimate
1383 0.85% 12 0.69 1.10
a. Predictors: (Constant), NDV11383, NDBI1383, LST1383, RH1383, AQI1383

Quly puiie 5 Jawe (glapsio dcgezme o (598 dlaly G dgg I S (Model Summary) Jae aoMs
R e cpiored bl o b pstie o YU Siiwor i S0k 5 0040 +/AD Jolee R Hlude &5 ¢ )sboas scunslUHI1383
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B el snmdlis &S edg AL il gy 00 A i sl aie dlaxs Ml 4l aSAdjusted R Square
Jsiz) )b colls e canlio b yi <8 5l g 0390 V/V+ Joleo Std. Error of the Estimate e .cool Jio Jgud

(6

YYAY 5,95 > ANOVA polie . Jgoas

ANOVA?
Model Sum of Squares df Mean Square F Sig.
Regression 1.81 5 3.6 15.2 0.0°
1383 Residual 3.14 211 1.48
Total 3.32 216

a. Dependent Variable: UHI1383
b. Predictors: (Constant), NDV11383, NDBI1383, LST1383, RH1383, AQI1383
SLE VY L ply Fylade 4 (Sig=0.000) ool ouis Ll dops ] aw ;3 Jdo (gybolize mow ANOVA Joio 2
(5 Jgs) slasls UHI o (gyboline S yidio 1 conds sl (ol puiio g 0391 puine (6lol Llod 4y Juko a8 amd 0
YFAY 0,93 45 (Coefficients) cyomw 5 y <l ¥ Joua

Coefficients®
Standardized

Model1383 Unstandardized Coefficients Coefficients ¢ Sig. VIF
B Std. Error Beta

(Constant) 3.20 0.80 - 4.00 0.000 -
NDV11383 -0.55 0.10 -0.35 -5.50 0.000 2.0
NDBI1383 0.90 0.12 0.65 7.50 0.000 2.5
LST1383 1.05 0.09 0.75 11.67 0.000 1.8
RH1383 -0.18 0.06 -0.12 -3.00 0.007 1.4
AQI1383 0.45 0.05 0.32 8.00 0.000 1.9

a. Dependent Variable: UH11383

Jole cpss8 g cppimte VO ol 3wl gy o b LST yuwe K> )L Coefficients Jouo yolsl »
LAQI 5 +/50 by cupsd LNDBI yizmon 5 (P<0.01) cul Jsbies ()bl Llod I o] 31 5 ons aslis UHI oasy)j3l
colps b e RH g NDVI ¢ blie (g p blazily UHL Lol 5 (gybline g cute 5l 93 ja +/¥Y by cops
1 2bS b mae Ui 500 L NDVI Late 1 .lesls flis 38 5l UHT 5y Linls 31 +/\Y o +/¥0 die sl
5y 18T Syl 0y ody il g 6y lame slod e

e o9 s Qlisebl g it (sl yuio o 908 (b o 395 S0l diias /0 5l oS (Son &S VIF ki
(Y Jgi) il oo (Jasion diz Plus jlas

5 (LST) g5 s slos I3l sadS (25 52 VST Jlo 55 o snlie 5581 b aslio WAY Lo (sl il
Jlo il 53 355 (AQI) Isn i sl S35 (5300 31 5,155 oo 5 UHI s s (NDBI) oozl blio 525
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YE€+Y 0,95 ;5 (Model Summary) Juso aods A Joua
Model Summary
Model R R Square Adjusted R Square  Std. Error of the Estimate

1403 0.9 81 0.78 0.95
a. Predictors: (Constant), NDV11403, NDBI1403, LST1403, RH1403, AQI1403

O 898 shan (Stwed Sl oS 0dg /A L plp R hde &5 was o lis (Model Summary) Jae aoMs
&S Cal (pl 51 (Sl g 0ud dle <AV Jolee R Square jlide .l Juo cpl jo UHI diusly psio 5 Jiiune (o puiio
L 5 Adjusted R Square lide .cuwl sy BB Jio ;5 oud 3)ly (slayxio bawes UHT &l (b jlg 5l duops AN
Ol 8 sl b 4 cons (+/A0) 35l 3 bl slas liue pwizmen S o a1y Jae (6ylul 5 cdd < /YA sue
(A Jaia) asb oo VFY Jlo jd Jdo ¢ dgup oaimd L ¢ aidly

Y€+Y 2,90 > ANOVA ,lin A Jgin

ANOVA?
Model Sum of Squares df Mean Square F Sig.
Regression 4.15 4 3.77 20.8 0.0°
1403 Residual 3.28 212 1.49
Total 3.32 216

a. Dependent Variable: UH11403
b. Predictors: (Constant), NDV11403, NDBI1403, LST1403, RH1403, AQI1403

ool 5 ) Jse &S amd e s (p=0.000) -/-\ ) a8 (gylsline geaus g Y+/A Jolao B jlaiio L ANOVA Jgas

(A Js)
YE€+¥ 5,93 ;5 (Coefficients) cyomw S ) culpd V¢ Jos>
Coefficients®
Unstandardized Coefficients Standa_lrc_ilzed . VIF
Model1403 Coefficients t Sig.
B Std. Error Beta

(Constant) 4.50 0.70 - 6.43 0.036 -
NDVI11403 -0.65 0.08 -0.40 -8.12 0.000 2.2
NDBI11403 1.10 0.10 0.75 11.00 0.000 3.0
LST1403 1.30 0.07 0.85 18.57 0.000 2.0
RH1403 -0.12 0.05 -0.08 -2.40 0.026 1.6
AQI1403 0.55 0.04 0.35 13.75 0.000 2.5

a. Dependent Variable: UH11403
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