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to investigate the spatiotemporal variability of shortwave radiation in western Iran
over the 2000-2022 period using satellite data and products, focusing on spatial and
seasonal patterns across the provinces of Kurdistan, Kermanshah, Ilam, Hamedan,
and Lorestan. In this research, MODIS sensor data were used to estimate net surface
incoming radiation, and regional-scale spatiotemporal analyses were performed. The
results indicate that western Iran has a high potential for solar energy reception, with
an estimated annual mean radiation of approximately 1800 to 2200 kWh per square
meter and more than 280 sunny days per year. Spatially, the highest radiation values
were observed in the elevated and low-cloud regions of northwestern areas, while
lower values were recorded in southern and southwestern regions due to higher
humidity and cloud cover. Temporally, the seasonal pattern shows maximum radiation
in summer and minimum in winter. This pattern is primarily driven by variations in
solar zenith angle, day length, cloud conditions, humidity, and topographic
characteristics. Overall, the findings suggest that western Iran, particularly the Zagros
highlands, has considerable potential for solar energy development, and the results
can support strategic planning for renewable energy expansion and sustainable
resource management
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Extended Abstract

Introduction

olar radiation is one of the fundamental components of the Earth’s climate system, playing
a key role in energy balance, atmospheric circulation, agricultural productivity, and
renewable energy potential. Incoming shortwave radiation (SWR), covering the
wavelength range of 0.2—4 pum, constitutes the major portion of the Earth’s received solar
energy. Temporal and spatial variations in SWR arise from factors such as the Earth’s
elliptical orbit, axial tilt, latitude, elevation, and atmospheric conditions. Iran, with an
annual average solar radiation of 1,800-2,200 kWh/m? and more than 280 sunny days per
year, ranks among the countries with the highest solar energy potential globally. This
study aims to analyze the spatiotemporal variability of incoming shortwave radiation
across western Iran and to identify regions with the greatest potential for solar energy
development.

Methodology

In this study, MODIS satellite imagery was utilized to estimate and evaluate the amount,
variation, and distribution of incoming shortwave solar radiation across five western
provinces of Iran: Kurdistan, Kermanshah, Ilam, Hamedan, and Lorestan. Data were
processed through quality control procedures, including outlier removal and homogeneity
testing (using the Grubbs test and Standard Normal Homogeneity Test). Spatial and
seasonal analyses were then conducted to determine the influence of environmental
factors such as albedo, humidity, cloud cover, and topography on radiation distribution.

Results and Discussion

The findings indicate that the annual net shortwave radiation in western Iran varies
between 665.03 and 728.45 kWh/m?. The highest radiation values were observed in
elevated and low-cloud regions of the northwest—particularly around Saqqez, Baneh, and
Kanisur—owing to high altitude, clear skies, and low surface albedo. In contrast, southern
areas such as Ilam and Abadan received less radiation due to higher humidity and denser
vegetation cover.

Seasonal analysis revealed that summer experiences the maximum radiation levels,
especially in July and August when solar angles are at their peak and cloudiness is
minimal. Spring shows an increasing trend in radiation but is still influenced by cloud
formation and precipitation. Autumn radiation decreases with the arrival of Mediterranean
frontal systems and increased cloudiness, while winter exhibits the lowest levels of solar
radiation due to low solar angles, high albedo, and shorter daylight hours.

Overall, altitude, solar angle, relative humidity, and cloud cover were identified as the
most influential factors controlling spatial variability in solar radiation. The topographic
complexity of the Zagros Mountains and the influence of Mediterranean weather systems
create significant spatial heterogeneity in radiation patterns across the region.

Conclusion

This research demonstrates that western Iran—particularly the elevated and cloud-free
regions in the northwest—possesses substantial potential for solar power development.
Conversely, southern parts of the study area require more detailed seasonal and climatic
assessments due to higher humidity and cloudiness. The spatiotemporal analysis of
incoming shortwave radiation provides valuable insights into the climatic dynamics of the
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region and offers a scientific foundation for planning renewable energy development,
managing natural resources, and mitigating climate change impacts. The integration of
high-resolution satellite data with statistical homogeneity tests can further enhance the
detection of long-term solar radiation trends and support sustainable energy planning in
Iran.
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Figure 1. Location of the study area in Iran
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Figure 3. Solar radiation values in western Iran in spring
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Figure 4. Solar radiation values in western Iran in the summer
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Figure 5. Solar radiation values in western Iran in autumn.

Oy foad 3 555 Aol 5 sl ok ety B asls s e Sl gl Gl iy O e

o g (Bl B e S eliile S Okl 5o 8 ey a5 (BLs (s G Ol
4 lde 4 bl Jlad bl 3 35 (2 \WEA glELIL) 2 Jupu o] 53 e 5 (83 Slaels 3 adlaie
5 e e Ja3 eI e 4 e 080 plisyl L) Slad b olKal 53 OF cp 2t 5 e o s
33 Sy G e S Oltens b 5 Olies S Ol 3 (1FRE OLISen 5 3,00 ) da3 e £ 55
53 ) s5de Z3ls Okl 8,5 s s ey Gl 5o Gl (i 5 Okl 0 s et slacand
e Sy Bl d e S15 Glae S 3 gz 5 Ol Ll Camdge s @ @Dl Olisl L3 L(0TAA (s w15
O i Oy e 5o Ol ) bl 3 bl o a8 () AU e 2L L ) glasss s s ol
Sl OVTY 2l ltie b ol 555 ot g ol o5 ol bl ol 51 s £ L 8 4l 53 il

Silogis g w‘_,.‘glof
VoY



4 sph e Jold BLys B EYOVY lavgze e b1 sbTs s e LS &) ab 53 SdLys o S Gt e 3

5 GAS) Calyls Ol BlE o 53 1y SU ol doys cp zie d= e 3 5 ol Slele Ol 0 2eS (gl
b L Sl (9 s sallies; 5 Ly éa.d 3l gl Js 4 Olaes bl s (YA O
OVUSE) 355 s Gl 4 S (5 508 sy g

45°00°E 46°00"E 4TQUE 45°00'E 49°00°E 50°00°E 51°00°E
% :
z a3 s
g e i 3
i o ilgea Sl
!T-W' R RS . ] g
Z e R &
2 ozl e o i ]
i8 ' o 7 N B
E ool i PR
eyl B gi
& gl oo ot
CrEaiS eligh s s z
I L S [
z CABLE Lol w3l ol 3
o
o i S G d
3 Sgw plalald e . g
N o2y |,
Pk o S "
Sl edanss ik sacl) o393
O 2.4 Z
- : ety S 5
5 OlHe - °
o Oybitaal b
™
3 B @B oo
Eo e i gslS sl ol plasis 3090
pHigh : 702/942 b
z
z| “Low :650/247 2
g Y
?ﬂ\l’ 45°00"E 48°0'0"E 4T0'0"E 48°0'0"E 49°0'0"E 50°0'0"E S1°0'0"E

Qe Jozd 53 Ol 8 3 sty b ,slie 1 IS

Figure 6. Solar radiation values in western Iran in winter.
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