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Land surface temperature is a parameter that affects many natural and human
processes. In this study, the spatial distribution of surface temperature in Zanjan
Province from 2001 to 2023 was investigated. In addition, the effects of elevation,
longitude, and latitude on the temperature distribution of the land surface, its spatial
pattern, and the temperature zones of the province were evaluated and revealed using
partial correlation methods, G* statistic, and clustering analysis, respectively. The
results showed that the mean temperature of the land surface is 24.6 °C during the day:
and 5.3 °C at night. The relationship between elevation, longitude, and latitude with
surface temperature is negative. elevation has the greatest effect on temperature, but
the effect of latitude and longitude is weak. However, the temperature decreases by
moving from south to north, west to east, and from lowlands to high elevations. The
land surface temperature in the province follows a cluster pattern with a certainty of
95% or more, in which the lowlands and heights of the province have played the most
role in its formation; Also, the province can be divided into four temperature zones,
where the direction and boundaries of the zones follow the shape of the land. The
mean daytime land surface temperature of the earth in the first group is 23.9 °C, the
second group is 27.3 °C, the third group is 28.8 °C, and the fourth group is 18.8 °C.
In addition, the mean temperature at night in the first group was 4.4 °C, the second
group was 6.9 °C, the third group was 12.1 °C, and the fourth group was 1.9 °C.
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EXTENDED ABSTRACT

Introduction: Land surface temperature is a parameter that affects many natural and human processes. For
example, the temperature of the land surface affects energy consumption in cities; Or the growth of plants is
affected by the temperature of the land surface and soil. On the other hand, the physics of the land surface, land
use, topography, amount, and aspect of slope have a significant effect on this parameter. Therefore, the
temperature of the land surface can be diverse in short distances. The review of the conducted studies shows that
the temperature of the land surface has been evaluated and investigated less in spatial scales larger than the city.
Knowing the spatial and temporal distribution of the surface temperature on regional scales can be one of the
bases for explaining climate variability and the relationships between environmental factors and climate on
regional and smaller scales. However, especially in our country, few studies can be found that have investigated
the temporal or spatial distribution of the land surface temperature on scales larger than the city. In this study,
the spatial distribution of the mean temperature of the land surface in Zanjan Province in the period 2001-2023
has been investigated using MODIS products for day and night. In this regard, the mean annual temperature, its
variability, the relationship of the land surface temperature with longitude, latitude, and elevation, and the
spatial pattern of temperature and temperature zones were investigated.

Methodology: Zanjan Province is located in the northwest of Iran with an area of nearly 22164 square
kilometers between the provinces of Guilan, Ardabil, Eastern Azerbaijan, Western Azerbaijan, Kurdistan,
Hamadan, and Qazvin. The elevation of the province is between 264 and 3300 m, and the direction of its
mountains is mostly north-west to south-east. Therefore, the slopes mostly have an eastern, northeastern,
western, and southwestern aspect. The height lands of the province are separated by valleys and lower lands,
and the slope is between 0° and 57°. The land surface temperature survey was performed using the MOD11A2
V6.1 MODIS product, Terra satellite. The spatial resolution of these data is 1000 m by 1000 m and is available
to users in the form of 8-day means. The data were received from the Google Earth Engine website from 2001 to
2023. In addition, an SRTM digital elevation model with a spatial resolution of 90 m by 90 m was used to
identify elevation features. To analyze the surface temperature, the received temperature data, which are mean
of 8 days, were converted to annual mean for day and night. Then, the mean and standard deviation of the
annual land surface temperature from 2001 to 2023 were calculated and displayed. Partial correlation was used
to investigate the relation between latitude, longitude, elevation, and temperature. In addition, the G* method
was used to identify the spatial pattern of temperature distribution, and clustering analysis was used for zoning
the land surface temperature.

Results and Discussion: The highest mean temperature of the land surface of the province during the days was
between 26 and 31 °C, and the lowest value was between 11 and 16 °C. At night, the highest mean temperature
was 9-13 °C and the lowest was between 0 and 3 °C.

The analysis of the relationship between the temperature of the land surface with longitude, latitude, and
elevation showed that the relation between the temperature of all three mentioned factors in the province is
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negative and significant with more than 99% confidence. The zoning of the land surface temperature using the
cluster analysis method showed that Zanjan Province is divided into four zones. The first group covered the
largest area of the province (49.36 percent) with a mean temperature of 23.9 °C on days and 4.4 °C at night. The
second temperature zone experienced a mean temperature of 27.3 °C on days and 6.9 °C at night. The third zone
contains the warmest lands of the province with mean temperatures of 28.8 and 12.1 °C during the day and
night. At the end of the fourth group, it is the coldest temperature zone of the province with a mean day
temperature of 18.8 and 1.9 °C at night.

Conclusion: The result of this study showed that the mean temperature of the land surface was 24.6 + 3.6
degrees at day and 5.3 + 2.6 degrees Celsius at night. The zones with maximum and minimum temperatures are
more affected by the elevation, so they coincide with the highest and lowest lands of the province. The partial
correlation test also shows that the effect of elevation on the spatial distribution of land surface temperature is
greater than that of latitude and longitude. Also, the maximum and minimum temperature clusters that follow
the lows and highs of the land indicate the presence of significant spatial correlation in the mountains and
lowlands of the province. The clustering of land surface temperature of the province also shows that there are
four distinct temperature zones in Zanjan. The spatial distribution of these four zones also follows the elevations
of the earth more than anything else. Such a way that the warmest temperature zone corresponds to the Ghezel
OzanValley in the northeast and the coldest temperature zone corresponds to the highest lands and mountains of
the province. Therefore, among the three factors of altitude, longitude, and elevation, elevation has the most
effect on the spatial distribution of land surface temperature.
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Table 1- Mean surface temperature statistics in Zanjan Province

Mean (C°) Standard deviation (C°) Skewness Kurtosis
Day mean temperature 24.6 3.6 0.5 3
Night mean temperature 5.3 2.6 0.5 3.7
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Figure 3- Mean day temperature (&), standard deviation of day temperature (<), mean night temperature () and
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Table 2- Groups of mean and standard deviation of land surface temperature in Zanjan Province with their area

Temperatuer Area (km?) Area (%)
(%)

Daytime mean temperature 11-16 319.33 1.5
16-21 2719.38 125

21-26 10864.6 49.9

26-31 7865.97 36.1

Standard deviation of 0.8-1.2 1622.71 7.45
daytime temperature 12-16 9965 45.77
16-2 10183.2 46.77

Nighttime mean -3-0 284.06 1.3
temperature 0-3 2988.55 13.72
3-6 10721.2 49.23
6-9 6356.17 29.18

9-13 1429.34 6.56
Standard deviation of 04-0.8 6245.2 28.68
nighttime temperature 08-12 15501.6 71.19

1.2-16 21.33 0.1

16-2 7.13 0.03
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Table 3- Partial correlation between temperature, elevation, longitude and latitude

Independent variable Correlation coefficient P value
Longitude -0.26 0
Latitude -0.29 0
Elevation -0.83 0
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Figure 4- The maximum and minimum clusters of day () and night (&) temperatures in Zanjan Province
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Figure 5- The land surface temperature zoning in Zanjan Province
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Table 4 - Features of temperate zones
Group Mean of temperatuer (C°) Standard deviation (C°) Area (%)
Day Night Day Night
First 23.9 4.4 1.6 1.2 49.36
Second 27.3 6.9 1.4 1.3 33.98
Third 28.8 12.1 1.1 0.6 4.22
Fourth 18.8 1.9 1.9 1.4 12.44
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Table 5- The P statistic to compare the mean temperature of the clusters in the day and night

Group First Second Third
Day Night Day Night Day Night
First 0 0 0 0 0 0
Second 0 0 0 0
Third 0 0
S5 4ol

oa)5|)§ L;?Lo)' S )'| odlatwl b Yo¥Y G Voo 090 ul"-’) Ql:wl 3! cla.w «lod UJKA P31y LW UZ;M: T3 L}gl N
50 G 3 cwes s slod (SuiSTy i (oe 5 Jsb £l 3l bsly el 5 393 (g2 s MOD11A2 V6.1
D95 slasl s )KMJ P uﬁl-l)')l Lgld..f:9'> N P G” c)L:] IS Siasads ) 1 edlaal b o iy L'Jt:.wl U.;‘Lob dlmdd.ed.


https://dor.isc.ac/dor/20.1001.1.24235970.1403.12.3.5.2
https://jircsa.ir/article-1-548-en.html

[ Downloaded from jircsa.ir on 2026-05-27 ]

[ DOR: 20.1001.1.24235970.1403.12.3.5.2 ]

(VEY O sl X o)les) oyl T zobaw (sdilolu oA

g 433 OIF EV/E o plKin o 5Kk g am > VI8 Y/ oloo; liwl ) e oo (slod plSin g, (pSilie a5 0l L
4 S5 slalos 4 il S il (ol o 5 e 5 0398 goly s She & Cand 0 s b 3L Hlas (slaled sy Ll o34
5 el 03¢ wgmads 4353 VF B VY 0 o (elaojll o 5eS 9 dm 3 YV B YE e K gy slod (pSSbe (e 5 (pSSle
dod AieS g dlniin sl laoyinS sl ol d> D YU Jao o ol ladieS 5 W B A s aild lod (sladiuin 500 (gow
5 0 plsl (S (Stuned (o]l it Sinlan il slogyo) oy g ol b & GlSa w3g el S5 5ok
g dinde GBASE (pizes Sl 03y DSl (2)e 5 Jsb I Suke o) e o S @y p ) I &S s e s
Ol Sy (Sl g lopliunsS )3 5l e (e (Sturan 2929 S5 WIS (o (S9pm s g by S5 5l &5 Lo ateS
2 W5 e dely Caa =il Sla S $95e &S md s (L5 oy 13 o) 5 cad (i Al (ladded (Sluanl ;5 g | i
2 b Al sleaded (5050 ((ghudysd puiians (gla il 390 b b pd a5 glaieS ey il ansly id oled (cladipy (6,5 IS
Sl oo il SbidgS o slcadd 5 oy

O 9 SRS Gl dieS pln b 3 dod ol bl 03 S35 oy 9 b ) (e aw Sled Sy
pia 5> (Bl ol Senl @jgi delo Slgice jo Cumdg (ul At 56 o) 4 s g pdppmd dinde (D (gl S
2 e (aled digg slez & w3 o0 (i 5 sl (e e slod (guadgd Bl plueal oLl ot g owd 3 )
PSS SlS N NS o o il Gl g i ) s ) e 38 A ke 0l G @ ) gy Cunl oS
ey 05 o S8 s 5l b Sl glod i 53 3 (B Sl 53 g 5 b Sinlan o> gy
sl (s il 0518 > (pej gaw glod Ge (SWS1y 2 1) Sl Sk €8 (WSl Uose g Jsb )] Jole aw ]
2 o) gaw slod Sl (95 Ll oad ()15 55 Glo)S il )3 gl 5 o) aw slod (m 3ine daly S92y can]
e 9 (o) Cape 3 9y 08 el I (is (lyisas Slgice Gimgh ol (SloaiBl (pej (S 9 (N s olerd slaanls
loodls & Cund 55 el Sy Lol slaodygld g slolgale juglai | oslizl &Sl oigar Bl adls 3 (orabo lame
A3 o Cawddy sl b y93 Sk0jls byl (slmosly g wlords m5e5 odiSTy JSi 4 oldlyis 6,8 G 0 oS wlislgn (cloolSKin)
S pine gl yglid layl (golSTg b sl o oo oy 35 50 oldls 4l ol ond cuiby pglai jled LiliEl s
Oll 33 o) (6508 ned s Gz g 0jlNl L o e (glod alaly a8 dgu oo oy der pl b Al Al andS &
S8 g5 b sbrosly 1B ol 5l e o glod e (slisl 5 0jl Sl ohaga oy ol bl & sl (39 98 )y
g ookl (g i Sl

M1 Ol Yo

ol 04 &3] Aoyt 3 guls o SleMbl don (50315 o yiawd

OS5 g Judod ¢ gl e 1lodlid crms (555 5 Judod ¢ gjl Jdo 1315 g0k y 3L 1y 15 s o &5 Lio
sl e Ao e XY= FV-YA— e ) Cgann S5 by Sladid 059y 1 g ySciuams dlde () 20415 w95 2l SLAT

&be

yap ¢ e Gyl omej dow pinjey slod (£9STg (WWAY) ojen (gdonl g (drwle (g)bdgy (SbI wgeze cglon! )
https://envs.sbu.ac.ir/article_97918.html ¥V-FA (M ( Lwxo pole MODIS sxiztin

P (e ul).vl o):.wf 20 () C.‘a.w flia.b Cud dLo.) L)u)l) .(\Y‘\V) -0 yo> ‘L;J“’)l 9 s‘_;l:.wL& sd)lg.lﬁ) st\)l.)‘.) Dgato ‘L;Juob| At
doi: 10.29252/geores.33.1.174 AV« (MW o ld/s clido MODIS sdiotiaw dlig y

e allas 3)50) s alagms > (e s o> Ko 35 A3 P OIS 5 Gl 199 Gtomies 35 (IF1) oo s bslond ¥
https://rsgi.tabrizu.ac.irfarticle_15374.ntml \=YY (V)Y ¢ oo pale o lhdlis cleMb] i 5 400 1 iz (53,05

2 Oleete Gl e (o o (glod SlKe x5 (o)l (IVAR) (Wb 350, g dabbld ¢ gybdosme ¢ polS il (s ja8] ¥
doi: MY —AYY (VIOV o Jld clilss gloyingy Sl je0 5l Glorie 38 L WYAY B OAYYA e Lo
10.22059/jhgr.2019.236547.1007487


https://dor.isc.ac/dor/20.1001.1.24235970.1403.12.3.5.2
https://jircsa.ir/article-1-548-en.html

[ Downloaded from jircsa.ir on 2026-05-27 ]

[ DOR: 20.1001.1.24235970.1403.12.3.5.2 ]

o4 iy g (Slod (e 259

odlil b 2LS (idgy 9 (S 5r05 bl e rdans (slod bl (gilsJie (WWAY) cdaomo ¢ S joyd (008 5 o oo chims 030
doi: 10.22059/jphgr.2018.215259.1006930.¥-00 {\}o+ ¢ s (cldhiz (lay ing i A cowsi) Shofgalo gl

Olrl 3 e v slod gy 5981y (VFHY) e (Sl g den clitS Bl (ol (olas i (SR e ) idlg
doi: AV-Y5 (PN bl Caple MRS B WA o lo b 3 csojloale cclaos oloj gy &b & (550
10.22034/jdmal.2023.2008659.1433

@l G L (e aw (lod Sloj Wi abaly Lo (V1Y) ol qpadadlie 5 ploal diwg) dlaas (D S

b

doi: N—Y- ‘(\)\\” e ‘5)1.&;.15. 3 le)» .(QL&(‘:K R 18090 AJLLM) Ub.ou d)‘—\?.lf. wsbewly dé\)\ dﬁ)lf ul).u.:u

10.22126/ges.2022.8014.2551
-DLMJLQ){ Bl uwa‘ P9 ul> CD)M ..\»> LS)LO] dl.mu.u9) 9 Jyo‘ AYAY ‘...lﬁJ)’.C ‘)Bblw).‘? A

PK&:)'” dlﬁ:b)]) lJ U‘)"] P U“"') é‘a.w le.a.) w W (\YIDKO) Jna.vj‘y‘.\mu ‘L’)lg..)w 9 ..\3.09):. ‘L?M.ao g ‘Lﬁ‘l‘)" A

doi: 10.22059/jphgr.2016.60823 DVW-0YY (AJFA  sasb (cldlyin (b Limgls - yuudse

Lyn.b L O‘ﬂ; )?r“"u% é]aw sl GKA BIF p a9 Ub;u’ dlm)hl)b: )»L Y .(\Y'°RA) axo @303 g colaL.; cdql)y.fs aal)’dsb AR

doi: 10.22059/jphgr.2019.268626.1007292.Y SY-YAY (V)0 sl (clil i (slajingsy 0,5iaS5 Jo 5 (golel (sl Jae

References

1.

10.

11.

12.

13.

14.

Aghdar, H., Shayesteh, K., Mohammadyari, F., & Rangzan, K. (2020). Evaluation of spatial distribution of
earth surface temperature in Behbahan during 2000 _ 2014 period using thermal remote sensing. Human
Geography Research, 52(3), 817-832. doi: 10.22059/jhgr.2019.236547.1007487 [In Persian]

Ahmadi, M., Dadashi Roudbari, A., & Ahmadi, H. (2018). Analysis of daytime land surface temperature in
Iran based on the MODIS sensor output. Environmental Sciences, 16(1), 47-68. [In Persian]

Ahmadi, M., Dadashi Roudbari, A., & Ahmadi, H. (2018). Analysis of nighttime land surface temperature in
Iran based on the MODIS sensor output. Geographical Research, 33(1), 174-190. doi:
10.29252/geores.33.1.174 [In Persian]

Broto, V. C., & Bulkeley, H. (2013). A survey of urban climate change experiments in 100 cities. Global
environmental change, 23(1), 92-102. https://doi.org/10.1016/j.gloenvcha.2012.07.005
Dai, X., Guo, Z., Zhang, L., & Li, D. (2010). Spatio-temporal exploratory analysis of urban surface
temperature field in Shanghai, China. Stochastic Environmental Research and Risk Assessment, 24, 247—
257. https://doi.org/10.1007/s00477-009-0314-2
Deilami, K., Kamruzzaman, M., & Hayes, J. F. (2016). Correlation or causality between land cover patterns
and the urban heat island effect? Evidence from Brishane, Australia. Remote Sensing, 8(9), 716.
https://doi.org/10.3390/rs8090716
Deilami, K., Kamruzzaman, M., & Liu, Y. (2018). Urban heat island effect: A systematic review of spatio-
temporal factors, data, methods, and mitigation measures. International Journal of Applied Earth
Observation and Geoinformation, 67, 30-42. https://doi.org/10.1016/j.jag.2017.12.009
Esmaeeli, S. (2022). The application of thermal remote sensing and GIS in the assessment of the spatial distribution
of land surface temperature in urban environments (The case of study of Tabriz city). Remote Sensing and GIS
Applications in Environmental Sciences, 2(3), 23-1. https://rsgi.tabrizu.ac.ir/article_15374.html [In Persian]
Estoque, R. C., Murayama, Y., & Myint, S. W. (2017). Effects of landscape composition and pattern on land
surface temperature: An urban heat island study in the megacities of Southeast Asia. Science of the Total
Environment, 577, 349-359. https://doi.org/10.1016/j.scitotenv.2016.10.195
Farshadfar, A. (2005). Multivariate statistical principles and methods. Second edition, Sadaf Press.,
Kermanshah. [In Persian]

Fischer, M, M. 2006. Spatial Analysis and GeoComputation, Springer Books, Springer, No. 978-3-540-
35730-8, June. https://doi.org/10.1007/3-540-35730-0
Garcia, M. L. C. T. (2021). The United Nations framework convention on climate change: orchestration as a
governance mode Universidade de S&o Paulo].

Hamzeh, S., Mijani, N., & Karimi Firozjaei, M. (2018). Modeling the relationship between land surface
temperature, topography and vegetation cover using Landsat 8 Satellite Imagery. Physical Geography
Research, 50(1), 35-55. doi: 10.22059/jphgr.2018.215259.1006930 [In Persian]

Li, F., Sun, W., Yang, G., & Weng, Q. (2019). Investigating spatiotemporal patterns of surface urban heat
islands in the Hangzhou Metropolitan Area, China, 2000-2015. Remote Sensing, 11(13), 1553.
https://doi.org/10.3390/rs11131553


https://georesearch.ir/index.php?sid=1&slc_lang=fa
https://doi.org/10.1007/s00477-009-0314-2
https://rsgi.tabrizu.ac.ir/article_15374.html
https://dor.isc.ac/dor/20.1001.1.24235970.1403.12.3.5.2
https://jircsa.ir/article-1-548-en.html

[ Downloaded from jircsa.ir on 2026-05-27 ]

[ DOR: 20.1001.1.24235970.1403.12.3.5.2 ]

(VEY O sl X o)les) oyl T zobaw (sdilolu T

15. Liu, F., Zhang, X., Murayama, Y., & Morimoto, T. (2020). Impacts of land cover/use on the urban thermal
environment: a comparative study of 10 megacities in China. Remote Sensing, 12(2), 307.
https://doi.org/10.3390/rs12020307

16. Moradi, M., Salahi, B., & Masoodian, S. A. (2016). Analysis of land surface temperature gradient of Iran
using MODIS Terra and Aqua data. Physical Geography Research, 48(4), 517-532. doi:
10.22059/jphgr.2016.60823 [In Persian]

17. Nadizadeh Shorabeh, S., & Hamzeh, S. (2019). Investigating the effects of environmental and demographic
parameters on the spatial distribution of surface temperature of Tehran by combining statistical and mono-
window models. Physical Geography Research, 51(2), 263-282. doi: 10.22059/jphgr.2019.268626.1007292
[In Persian]

18. Pachauri, R. K., Allen, M. R., Barros, V. R., Broome, J., Cramer, W., Christ, R., ... & van Ypserle, J. P.
(2014). Climate Change 2014: Synthesis Report. Contribution of Working Groups I, Il and Il to the Fifth
Assessment Report of the Intergovernmental Panel on Climate Change (p. 151). Ipcc.
https://epic.awi.de/id/eprint/37530/

19. Prieur-Richard, A.-H., Walsh, B., Craig, M., Melamed, M. L., Colbert, M. L., Pathak, M., Bulkeley, H.
(2019). Global research and action agenda on cities and climate change science.

20. Rizwan, A. M., Dennis, L. Y., & Chunho, L. (2008). A review on the generation, determination and
mitigation of Urban Heat Island. Journal of environmental sciences, 20(1), 120-128.

21. Tahani Yazdli, M., Rousta, I., & Abdolazimi, H. (2023). Analyzing the Relationship between Temporal and
Spatial Changes in Daily Surface Temperature and the Spatial Pattern of Land Cover Changes in the
Direction of Environmental Sustainability (Case Study: Kashan city_ Iran). Geography and Environmental
Sustainability, 13(1), 1-20. doi: 10.22126/ges.2022.8014.2551 [In Persian]

22.Wang, L., Hou, H., & Weng, J. (2020). Ordinary least squares modelling of urban heat island intensity based
on landscape composition and configuration: A comparative study among three megacities along the
Yangtze River. Sustainable Cities and Society, 62, 102381.

23. Wang, R., & Murayama, Y. (2020). Geo-simulation of land use/cover scenarios and impacts on land surface
temperature  in  Sapporo, Japan.  Sustainable  Cities and  Society, 63, 102432.
https://doi.org/10.1016/j.scs.2020.102432

24. Zhou, D., Xiao, J., Bonafoni, S., Berger, C., Deilami, K., Zhou, Y. Sobrino, J. A. (2018). Satellite remote
sensing of surface urban heat islands: Progress, challenges, and perspectives. Remote Sensing, 11(1), 48.
https://doi.org/10.3390/rs11010048

25. Zolfaghari, M., Rayegani, B., Nezami Balouchi, B., Goshtasb, H., & Jahani, A. (2023). Analyzing the trend
of the temperature parameters related to the central plateau of Iran Using a time series of satellite
data. Desert Management, 11(3), 17-36. doi: 10.22034/jdmal.2023.2008659.1433 [In Persian]


https://dor.isc.ac/dor/20.1001.1.24235970.1403.12.3.5.2
https://jircsa.ir/article-1-548-en.html
http://www.tcpdf.org

