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The phenomenon of climate change has caused a change in the intensity
and frequency of extreme phenomena, especially extreme rainfall.
Spatiotemporal analysis of extreme precipitation is very important in order
to increase the flexibility of socio-ecological systems and their
infrastructures under climate change. This study examines the
spatiotemporal changes of precipitation characteristics with temperature
changes. For this purpose, Spearman's non-parametric test has been used
to evaluate trends in three precipitation indices (maximum 3 and 6-hour
precipitation and total annual precipitation) and two temperature indices
(maximum and minimum annual temperature) in 26 synoptic stations
located in Iran. In this research, statistics and information from 34 to 70
years old (from 1951 to 2020) were used. The trend of the data was
checked at a significance level of 95%. The results showed that the
maximum rainfall of 3 and 24 hours in Gorgan station has a positive trend,
but the index of total annual rainfall in this region has a negative trend,
also the maximum rainfall of 3 and 24 hours in Ahvaz, Isfahan and
Semnan stations also has a significant increasing trend, and these areas are
prone to flash floods. Also, the results showed that the increase in
maximum 3-hour and 24-hour precipitation at higher temperatures in a
limited number of stations leads to an increase in annual precipitation, and
most stations show a decrease in precipitation with increasing temperature.
Also, the maximum temperature in all stations (except Shahrekord and
Birjand) has increasing changes, which indicates the warming of the air in
summer.
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Figure 1. Geographical location of the selected stations
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Table 1. Geographical characteristics and location of the selected stations

No. Station Longitude (E) Latitude (N) Altitude (m) River Basin
1 Ahvaz 48.7 31.3 22.5 Persian Gulf and Oman Sea
2 Arak 49.8 34.1 1702.8 Central Plateau
3 Bandar Abbas 56.4 27.2 9.8 Persian Gulf and Oman Sea
4 Bandar Anzali 49.5 375 -23.6 Caspian Sea
5 Birjand 59.3 329 1491.0 Central Plateau
6 Bushehr 50.8 28.9 8.4 Persian Gulf and Oman Sea
7 Isfahan 51.7 325 1550.4 Central Plateau
8 Gorgan 54.4 36.9 0.0 Caspian Sea
9 Hamedan 48.5 34.9 1740.8 Central Plateau
10 llam 46.4 33.6 1337.0 Persian Gulf and Oman Sea
11 Kerman 57.0 30.3 1754.0 Central Plateau
12 Kermanshah 47.2 344 13185 Persian Gulf and Oman Sea
13 Khorramabad 48.3 33.4 1147.8 Persian Gulf and Oman Sea
14 Mashhad 59.6 36.2 999.2 Qaregom
15 Urmia 45.1 37.7 1328.0 Lake Urmia
16 Qazvin 50.1 35.7 1279.1 Central Plateau
17 Sanandaj 47.0 35.3 13734 Persian Gulf and Oman Sea
18 Semnan 53.4 35.6 1127.0 Central Plateau
19 Shahrekord 50.8 32.3 2048.9 Persian Gulf and Oman Sea
20 Shiraz 52.6 29.6 1488.0 Central Plateau
21 Tabriz 46.2 38.1 1361.0 Lake Urmia
22 Tehran 51.3 35.7 1191.0 Central Plateau
23 Yasuj 51.6 30.7 1816.3 Persian Gulf and Oman Sea
24 Yazd 54.3 31.9 1230.2 Central Plateau
25 Zahedan 60.9 29.5 1370.0 Eastern Border
26 Zanjan 48.5 36.7 1659.4 Caspian Sea
Table 2. The extreme rainfall indices used for trend analysis and their definition
Indices Definition Unit
Index 1 The maximum 3-hour precipitation mm
Index 2 The maximum 24-hour precipitation mm
Index 3 The annual precipitation mm
Index 4 The maximum annual temperature °C
Index 5 The minimum annual temperature °C
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Figure 2. Spatiotemporal trend of selected indicators of extreme precipitation and temperature in Iran
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