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Figure 1: Grid overlay corresponding to the boundaries of Gilan Province (0.25° x 0.25°)
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Table 1- Results of the Mann-Kendall trend test for the average RDI and SPI in Gilan Province during
the first six months of the year
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Table 2- Results of the Mann-Kendall trend test for the average RDI and SPI in Gilan Province during
the second six months of the year
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Table 3- Results of the Mann-Kendall trend test for RDI cells in Gilan Province
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Table 4- Results of the Mann-Kendall trend test for SPI cells in Gilan Province
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Figure 3: Spatial pattern of the SPI index for 48 cells in Gilan Province using the Local Moran’s I
method


http://geographical-space.iau-ahar.ac.ir/article-1-4189-en.html
http://dx.doi.org/10.83252/geospa.2025.3.4189

[ DOI: 10.83252/geospa.2025.3.4189 |

Downloaded from geographical-space.iau-ahar.ac.ir at 16:30 IRDT on Wednesday June 10th 2026

VY S bl 5o Jlusliis s sl Wgy ki (o1 Lad o5

Lais (s p 3p5m 4l 8A Slele pl 53 ol Soglobe 50 SPI Lasla bl p OS Olial ol op 5K —
SPI jslis sl (o oS1 o (diS o (55 ,m I3 sme e gy 5 baasstl ads s g Lgy Opds sl Ve
Sl e gy palie oy mie e 45 (HH) YU-YU (65801 a8 das oo 0lis dows Ol e | 5l sl L
S73 839 5 S37 89 b S7 wxly Vv slimal w Olial bl ple sl a8 K Ol C 8 5 g o
033 i Sl gl olo 4 js Aies 2o Ly, glyls bial 4l Lyl sslay li, a5 S83 U S81
(P USE) s o355l 0T St Sl ey b o3 s

wgy 3 et pl 53 SN, 4Sma 4 5ls DL sl ole 3 SPI astls JILS e dig) Osa5] il —
MalS (5581 53 555l bl 33l g 55 51 palies oo 3 SPI (oL Sl s a3 3,10 3505 Ol
ol LHH (68wl ol edalie B Ol G5 s LL 5 yor lelsl s HH my jasiis
(F U8 ol 4 S 1SS (leal Ol 1g3) Ol e Jlad 53 3505

S Xy 85 a3 Sl slas OUS Olial 5 SPI Lastli jli ) uelios sle dile 55 ST ole y5 —
FBoole pl s il suas s b s JLsSlis s 4 SPL e ls (6,8 oliS S
5 ot Bys s (HH) Y-YU 68 SPL el JINS e 0se3] oslas pslie ulul . sdalioe
ol S5 0T e et 5 Jled leSlr 5 Jobo amb s (LL) b=l 65801 5 Okl 58 e
(¥ JS8) el

ol slie ialas Sl ediasOlis Sl g ole 53 SPI astls JIAS e digy Osesl 5l edel vty = -
Y-VU ad gt O s03] opl ol palie ulal a3 ol (Y0¥ B VAAY) Jle 88 Job 3 Lasls
Loms 4 55 pgem (LL) frolm b a5 01 o8 Sleliyl & Ll b okl 655 0 ab 3 (HH)
(1 JS8) ol oalie LB Ol &8 Jlod 5 515 g 3 o

S el Gl gt 5 ol B3l § 5 5l Okl o 28 5 SPL e Ls JILS e O a3l Llb, 55 aelus ole 3 —
YU glad s (o SPI Lastls dslas polie elal 4 55 353 pas odalive OF 55 e b e
O dlad ol Gble 5 G55 5 (LL) palm ol sl 65800 5 Ol 32 Jled 5 5 50 55 (HH)
|y e L35 SPI Ll uls 5 sl ST bt olo lez 55 Gt b a3 ol odaline LB
Sy sl odd Caass b s B ) glaele 53 Jlu S b JLSis oS CiS OIS e 5 el OLES

(¥ USE) ol b SlS 5 salas 0T s

S S o 5 Lo
B 1A gladle b 0O Ol e3amwe 53 SPI 5 RDI astls ol uss 51 Jads oo o iash opl 3
3025 % 0.257 glaazl &) gem S Okl 550 5 Les glaosls Hghae b S plowil (JLw £2) Y+ YY
5heslizal b e 03,8 3l e £8 Sl ECMWF) s Sote Ol o i obissl 5550 5l 3
wbad Sl el s S s Wl gyl ame 5 SPI s RDI el Wy, g5 JILS e Ly, Os05
(ALMD) s Olyse | ol ) eslizad b oS olal 0 208 55 JLSis 2l 55 opl JIS e ol

VY


http://geographical-space.iau-ahar.ac.ir/article-1-4189-en.html
http://dx.doi.org/10.83252/geospa.2025.3.4189

[ DOI: 10.83252/geospa.2025.3.4189 |

Downloaded from geographical-space.iau-ahar.ac.ir at 16:30 IRDT on Wednesday June 10th 2026

AP F 30 b QY o )losds iy 9 St 0590 ¢ 2 Ll y2> gLad code aolilald

DfL;Lmuﬁuv'uﬁ,a,;Ju.u,ﬂsmougw\ﬁfam\smjRDI 2l gy gy g ok
Lsls oLis Bahrami et al (2019) .l ol 035581 axsdS slaans 55 adoly cpl ol 5 5 ool Gl Il
Vsl aib S Jb s blaxils 1 sl Jlsls op zin SPI Lasla ¥ ¢ ol JLSes cus
33 ey 50 SelBaus) o3 ALY (SPI Laxtls Jlos (6w wimman L Llazils | 555 Slalp on S
Shafizadeh et al(2016) .coul o35 55 @ 5, o L5, L YVE BNV gladle b s Ol o 28
Ao ys A S L S a5 ) g Olpl o 2uS 3 RDL jasls L1, Jlsles L) Sl S 6 s
Asadi Zareh et al (2011)  pizean . Las o 0L 1 RDI axls 55 ialS L) andlas 550 laolSasl )
oA QeSis Bl 2 L Ol Bd s s B0 S e sl teh Yo 51988 ladle b s L
S o oo 1y L gla JLSlis [0S gla iy Lu SPI g RDI asls wis, b illas .ol 63 axl s
535S bl pla 3 cpdise sl Slidw S L SPL 5 RDI Lastls dg)y 5l edel oy sl g 48 3
53OS Olad (sles 5 oL gl it 53 Lisy s5ms w8 4 patld 3l 55 Ky sy 5 Rl s
Y-V las = (oS0 a8 sls 0L SPE 5 RDI el plad Lo culg )3 033 5 o ol Jlw p 5 o550
oS 53 (LL) YV slaad gt ol w3 S IS5 5 s ime )5Sk sla pite 3 L5y &8 plasle s (LL)
(5 D 3 Ay edalin LB s 5l e O pa Qea S U K> 5l 5 0,6 B G5 5 ol
S ol glaole 3 gl gt ltle s gy Kby (GabsD) Joms Olyge | 2ls LSPI 5 RDI Laxls SISs

el By 34 g i 3550 el g3 5 Wi,


http://geographical-space.iau-ahar.ac.ir/article-1-4189-en.html
http://dx.doi.org/10.83252/geospa.2025.3.4189

[ DOI: 10.83252/geospa.2025.3.4189 |

Downloaded from geographical-space.iau-ahar.ac.ir at 16:30 IRDT on Wednesday June 10th 2026

V4 S bl 5o Jlusliis s sl Wgy ki (o1 Lad o5

References

— Alina, V., Irina, O. (2013). Summer air temperature variability and trends within Oltenia Plain.
Journal of the  Geographical Institute "Jovan Cvijic, 63 (3), 371-381.
https://doi.org/10.2298/1JGI11303371V.

— Asadi Zareh, M. A., Malekinezhad, H., Mobin, M. H., Dastorani, M. T., Kousari, M. R. (2011).
Drought Monitoring by Reconnaissance Drought Index (RDI) in Iran. Water Resour Manage, 25,
3485-3504. https://doi.org/10.1007/s11269-011-9867-1

— Bahrami, M., Bazrkar, S., Zarei, A. R. (2019). Modeling, prediction and trend assessment of
drought in Iran using standardized precipitation index. Journal of Water and Climate Change,
10 (1), 181-196. https://doi.org/10.2166/wcc.2018.174

— Chirgwin, R. (2012). Ocean currents emerge as climate change hot-spots. The Register,

available at <http://www.theregister.co.uk> (accessed Feb. 2012).

— Darand, M. (2015). Evaluation and identification of climate change in Iran during recent
decades. Iranian Journal of Watershed Management Science and Engineering, 30, 1-14. [In
Persian]

— Derakhshi, J., Sobhani, B., & Jahanbakhsh, S. (2024). Prediction of temperature and precipitation
values in upcoming decades using the 2canESM model in the Ahar-Chay watershed. Journal of
Applied Geographical Sciences Research, 72, 49-64. [In Persian]

— Doulabian, S., Golian, S., Shadmebhri Toosi, A., & Murphy, C. (2021). Evaluating the effects of
climate change on precipitation and temperature for Iran using RCP scenarios. Journal of Water
and Climate Change, 12 (1), 166—184. https://doi.org/10.2166/wcc.2020.114.

—  Gilbert, R. 0. (1987). Statistical methods for environmental pollution monitoring. Van
Nostrand Reinhold Pub: New York.

— Gomez-Gomeyz, J. D. D., Velazquez, D. P., Collados-Lara, A. J., Chacon, F. F. (2022). The impact of
climate change scenarios on droughts and their propagation in an arid Mediterranean basin. A

useful approach for planning adaptation strategies. Science of The Total Environment, 820,
153128, https://doi.org/10.1016/j.scitotenv.2022.153128.

— IPCC (Intergovernmental Panel on Climate Change). (2023). Climate Change 2022 Mitigation of
Climate Change. Working Group Il Contribution to the Sixth Assessment Report of the
Intergovernmental Panel on Climate Change. DOI: 10.1017/9781009157926.

— Marques desa, J. P. (2003). Applied statistics using Spss, Statistica and Mat lab. University of
parto: Springer pub — ver lag Berlin Heidelberg, pp395.

— Mathbout, S., Martin-Vide, J., & Bustins, J. A. L. (2023). Drought characteristics projections
based on CMIP6 climate change scenarios in Syria. Journal of Hydrology: Regional Studies. 50,
101581, https://doi.org/10.1016/j.ejrh.2023.101581.

— Mirshkaran, Y., Kakapour, V., & Zarei, A. (2021). Assessment of climate change impacts on
precipitation and temperature using 4AR models (Case study: Qaresu Watershed, Kermanshah).
Journal of Climate Change Research, 8, 23—34. [In Persian]

— Nicholson, S. E., Funk, C., Fink, A. H. (2018). Rainfall over the African continent from the 19th
through the 21st century. Global and Planetary Change, 165, 114-127.
https://doi.org/10.1016/j.gloplacha.2017.12.014.

14


http://geographical-space.iau-ahar.ac.ir/article-1-4189-en.html
http://dx.doi.org/10.83252/geospa.2025.3.4189

[ DOI: 10.83252/geospa.2025.3.4189 |

Downloaded from geographical-space.iau-ahar.ac.ir at 16:30 IRDT on Wednesday June 10th 2026

AP F 30 b QY o )losds iy 9 St 0590 ¢ 2 Ll y2> gLad code aolilald

— Piernia, A., Habib-Nezhad Roshan, M., & Soleimani, K. (2015). Temperature and precipitation
changes on the southern coasts of the Caspian Sea and their comparison with global and Northern
hemisphere variations. Watershed Management Research Journal, 11, 90-100. [In Persian]

— Raftery, A. E., Zimmer, A., Frierson, D. M. W., Startz, R., & Liu, P. (2017). Less than 2°C
warming by 2100 unlikely. Nature Climate Change, 9 (7), 637-641.
https://doi.org/10.1038/nclimate3352

— Roshani, M., Rezaei, P., & Ganji-Ghofli, S. (2021). Statistical analysis of geographical
information using ArcView GIS and ArcGIS. In: David, W., Wong, S., & Li, J., Tehran:
Environmental Research Institute, Jihad Daneshgahi Press. [In Persian]

— Roshani, M., Ramazanipour, M., Tatina, M., Robati, M. (2012). Characteristics of Drought in
Three Recent Decades in North of Iran, Guilan Province. American-Eurasian J. Agric. &
Environ. Sci, 12 (1), 115-122.

— Sanford, T., Frumhoff, P. C., Luers, A., & Gulledge, J. (2014). The climate policy narrative for a
dangerously = warming  world.  Nature  Climate  Change, 4 (3), 164-166.
https://doi.org/10.1038/nclimate2148

— Shafizadeh, F., Naser-Sadrabadi, A., Rostami, N. (2016). Assessing spatiotemporal variability of
drought trend in Iran using RDI index. Natural Environment Change, 2 (1), 67- 77.

— Schellnhuber, H. J., Rahmstorf, S., & Winkelmann, R. (2016). Why the right climate target was
agreed in Paris. Nature Climate Change, 6 (7), 649—-653. https://doi.org/10.1038/nclimate3013

— Soleimani Sardo, F., & Mesbah-Zadeh. (2020). Prediction of temperature and precipitation using
climate change scenarios and statistical downscaling models (Case study: Southern Kerman
Province). Environmental Researches, 22, 97—110. [In Persian]

— Surampalli, R. Y., Zhang, T. C., Ojha, C. S. P., Gurjar, B., Tyagi, R. D., Kao, C. M. (2013). Impact
of Greenhouse Gas Emissions and Climate Change. In: Zhang, T. C., Surampalli, R. Y., PP 92-
108.

— Tsakiris, G., & Vangelis, H. (2004). Towards a Drought Watch System Based on Spatial SPIL
Journal of Water Resources Management, 18, 1-12.
— Zahid, M., Rasul, G. (2010). Rise in Summer Heat Index over Pakistan. Journal of Meteorology,
6, https://api.semanticscholar.org/CorpusiD:133937619.
— Zarin, A., & Dadashi-Rudbari, A. (2021). Analytical note: Impact of climate change on heavy
precipitation in Iran using the CMIP6 HEMADI model. Water and Sustainable Development,
(4), 119-124. [In Persian]
— Zarin, A., & Dadashi-Rudbari, A. (2023). Investigating the impacts of climate change on water
security in Iran. Water and Sustainable Development, 1, 37—44. [In Persian]


http://geographical-space.iau-ahar.ac.ir/article-1-4189-en.html
http://dx.doi.org/10.83252/geospa.2025.3.4189

[ DOI: 10.83252/geospa.2025.3.4189 |

Downloaded from geographical-space.iau-ahar.ac.ir at 16:30 IRDT on Wednesday June 10th 2026

Y\ S bl 5o Jlusliis s sl Wgy ki (o1 Lad o5

Spatial Pattern of Drought Indicators Trend Change in Gilan Province

Leila Haghparast Mojdehi, Department of Geography, Ra.C., Islamic Azad University, Rasht, Iran.
Bahman Ramazani Gurabi*, Department of Geography, Ra.C., Islamic Azad University, Rasht, Iran
(Corresponding Author). Email: Bahman.ramzani@iau.ac.ir
Atoosa Bigdeli, Department of Geography, Ra.C., Islamic Azad University, Rasht, Iran.
Yousef Zein-al-Abedin, Department of Geography, Ra.C., Islamic Azad University, Rasht, Iran.

Abstract

One of the consequences of changes in temperature and precipitation is drought, the persistence and
recurrence of which are associated with destructive environmental impacts. This study investigates
drought as the most significant outcome of temperature and precipitation variations.Initially, the
required data were obtained from the European Centre for Medium-Range Weather Forecasts
(ECMWF) with a spatial resolution of 0.25° x 0.25° over a period of 44 years (1980 to 2023). The
presence of trends in the Standardized Precipitation Index (SPI) and the Reconnaissance Drought
Index (RDI) was determined using the Mann-Kendall test. Additionally, the Local Moran’s I statistic
(ALMI) was applied to identify the spatial pattern of these indices.The results showed that the RDI
exhibited a significant decreasing (negative) trend in the months of March, May, June, and August.In
addition to the negative trend in the mean RDI values during March, May, June, and August, a
negative trend was also confirmed at the individual grid cells for these months. Spatial analysis using
the trend test and Local Moran’s I of the drought indices (RDI and SPI) revealed distinct high-high
(HH) and low-low (LL) clusters in various parts of the province, ranging from plains to mountainous
areas and from east to west, forming separate cores. This indicates a non-random spatial distribution
pattern for the RDI and SPI indices.

Keywords: Trend, Local Moran’s I, SPI, RDI, Gilan Province

Introduction

Since the Industrial Revolution, the annual global temperature has increased by more than 1°C.
Between 1880 and 1980, the period during which reliable measurements were available, the
temperature rose on average by 0.07°C (0.13°F) per decade. However, since 1981, the rate of increase
has more than doubled. In other words, over the past 40 years, the global annual temperature has
increased by 0.18°C per decade, making the planet warmer than ever before. Nine out of the ten
warmest years occurred between 1880 and 2005, and all five of the warmest years recorded have been
since 2015. Climate scientists now conclude that to avoid a future in which daily life worldwide is
confronted with the most severe and destructive impacts of climate change—such as extreme
droughts, wildfires, floods, tropical storms, and other natural disasters—global warming must be
limited to 1.5°C by 2040 (IPCC, 2023; Surampalli et al., 2013; Chirgovin, 2012).

At the 21st Conference of the Parties to the United Nations Framework Convention on Climate
Change (UNFCCC) in late 2015, it was decided to limit the increase in global mean surface
temperature to less than 2°C above pre-industrial levels. However, if the current greenhouse gas
emission pathway continues, achieving the 2°C target will be challenging and will require fundamental
changes across all sectors of modern society (Sanford et al., 2014; Schellnhuber et al., 2016). Recent
studies indicate that the potential range of global temperature increase could be between 2 and 4.9°C,
making warming levels of 1.5, 2, 3, and 4°C important milestones not only for mitigation but also for
understanding the expected impacts of climate change (Raftery, 2017).
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Studies have shown significant changes in climatic variables, including temperature and precipitation,
across Iran and the world. One of the most critical consequences of changes in temperature and
precipitation is drought, as intensified and prolonged droughts cause severe damage to animal and
plant ecosystems, water resources, and other environmental components. For instance, studies on
temperature and precipitation changes along the southern Caspian Sea coasts, compared with global
and Northern Hemisphere trends, indicate that a decrease in temperature leads to reduced
precipitation, whereas an increase in temperature results in higher precipitation (Pirnia et al., 2015).
Evaluations of extreme heat indices such as summer hot days, warm days, warm nights, and tropical
nights in Iran indicate an increasing trend, while cold indices—including frost days, icy days, cold
nights, and cold days—show decreasing trends. Heatwaves are becoming longer, while cold waves are
shorter, and overall, the frequency of extreme precipitation events is rising (Darand, 2015).

Moreover, studies by Soleimani Sardu and Mesbahzadeh (2020), Zarrin and Dadashi Roudbari (2021,
2023), Mirshekari et al. (2021), Derakhshi et al. (2024), and Dolabian et al. (2021) confirm significant
changes in temperature and precipitation as well as irregular spatial and temporal patterns of these
variables in Iran’s future climate. Similarly, research by Zahed and Rasool (2010) in Pakistan, Alina
and Irina (2013) in the Oltenia Plain, Nicholson et al. (2018) in Africa, Gomez et al. (2022) in the
Mediterranean region, and Metbout et al. (2023) in Syria suggests that extreme changes in temperature
and precipitation are likely in the future of these regions. Given the direct influence of drought on
temperature and precipitation changes, this phenomenon poses increasing threats to human societies in
the future.

According to predictions, West Asia and Iran will experience significant changes in some
meteorological phenomena in the coming years, with these phenomena manifesting differently across
space and time. Based on IPCC reports from the First Assessment Report (FAR) to AR6, the trend of
rising temperatures due to increased greenhouse gas concentrations is clear, and different regions of
the Earth respond differently to increases in temperature and precipitation (IPCC, 2023). Therefore,
future climate scenarios have been developed to simulate the Earth’s climate up to 2100. These
projections indicate that meteorological phenomena, such as droughts, will become more intense and
frequent with a 1.5°C increase in global temperature. Consequently, the vulnerability of natural and
human communities to climate variability will increase.

Considering the sensitive ecosystem of the southern Caspian Sea region and its susceptibility to
extreme future climate changes, it is crucial to study drought conditions in Gilan Province.
Accordingly, this research aims to examine the temporal patterns of drought in this region.
Furthermore, spatial analysis of drought can assist managers and policymakers across various sectors
in anticipating future climatic conditions in Gilan Province.

Materials and Methods

To analyze the spatial trends of the SPI and RDI indices in Gilan Province, monthly temperature,
precipitation, and evapotranspiration data over a period of 44 years (1980-2023) were used.
Evapotranspiration was calculated using the Thornthwaite method. Required data were obtained from
the European Centre for Medium-Range Weather Forecasts (ECMWF). The latest ECMWF reanalysis
dataset, known as ERAS, provides high-resolution atmospheric data from 1979 to the present. The data
are gridded, and for this study, the geographic extent of Gilan Province between 36°33" and 38°27' N
latitude and 48°32’ and 50°36’ E longitude was selected for data extraction. Each grid cell measures
0.25° x 0.25° in arc degrees, forming a 9 x 10 row-column matrix, covering 90 grid cells in total. In
Figure 1, the grid cells are shown in accordance with the boundaries of Gilan Province. In other words,
out of the 90 cells, only 48 cells were selected for the analysis.
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Discussion and Conclusion

In this study, a detailed analysis of the RDI and SPI indices in Gilan Province over the period 1980-
2023 (44 years) was conducted. For this purpose, temperature and precipitation data of Gilan Province
were obtained from the European Centre for Medium-Range Weather Forecasts (ECMWF) in 0.25° %
0.25° grid cells for 44 years. The Mann—Kendall trend test was then used to determine the type and
significance of trends in the RDI and SPI indices. Additionally, the spatial pattern of the Mann—
Kendall statistic for these two drought indices across Gilan Province was analyzed using the Local
Moran’s I (ALMI) index.

The trend analysis of the RDI and SPI indices showed that negative trends occurred in both indices
during the warm months, increasing the intensity of this phenomenon over the past decades. Bahrami
et al. (2019) reported that drought severity levels 3 and 4 of the SPI index had the highest frequency,
while levels 6 and 7 had the lowest frequency. Moreover, the SPI time series for 84.21% of the stations
studied across Iran during 1967-2014 exhibited a decreasing trend. Shafi‘zadeh et al. (2016) examined
the spatiotemporal variability of drought trends using the RDI index in Iran and concluded that 89% of
the stations showed a decreasing trend in the RDI index. Asadi Zare et al. (2011) also reported that in
1999 and 2000, central, eastern, and southeastern Iran experienced extreme drought conditions.
According to the trends of RDI and SPI indices, other regions of the country also experienced severe
droughts. Therefore, the results obtained for RDI and SPI trends are consistent with findings from
other researchers in different regions of Iran, confirming that trends in these two indices reflect trends
in precipitation and temperature during the warm season in Gilan Province.

Finally, the spatial analysis of RDI and SPI indices revealed that high—high (HH) clusters formed in
months where trends in the variables were significant. These HH clusters were observed across the
province from east to west and from lowlands to mountainous areas as separate cores. Consequently,
the spatial distribution of RDI and SPI, as indicated by the Local Moran’s I (Anselin) index,
demonstrates a clustered structure in the months where significant trends were observed in these two
indices.
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