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This study aims to project precipitation trends in Tehran under climate
change conditions. Precipitation data from five synoptic stations
(Chitgar, Doshan Tappeh, Geophysics, Shemiran, and Mehrabad)
were analyzed for the period 1992-2018. The non-parametric Mann—
Kendall and Sen’s slope tests were applied to detect trends and
possible breakpoints. In addition, precipitation data from the five
stations were analyzed using seven climate models from the Sixth
Assessment Report (CMIP6) for the period 2030-2100 under two
emission scenarios: SSP2 4.5 and SSP5_8.5. The results indicate that
the SSP5_8.5 scenario projects more intense changes in precipitation
compared to SSP2_4.5. Analysis across the stations shows significant
differences between the two scenarios. While both scenarios suggest
an overall increase in precipitation, the SSP5_8.5 scenario predicts
stronger and more significant increases, particularly in spring and
autumn. These findings highlight the urgent need for climate
adaptation strategies and more effective policies. Moreover, the
projected increase in precipitation under SSP5_8.5 emphasizes the
importance of reducing greenhouse gas emissions and improving
water resource management to cope with climate change impacts.
Overall, the study underlines the necessity of precise climate policies
and sustainable urban planning approaches for Tehran’s future

resilience.

Citation: Yousefi, M.R., Khaledi, SH., Asadian, F. (2025). Precipitation Trend Projection in Tehran
Metropolitan Area Using CMIP6 Models, journal of Future Cities vision, 6(23), 179-198.

© The Author(s). Publisher: Iranian Geographical Association

1.Corresponding author: Shahriyar Khaledi, Email: s-khaledi@sbu.ac.ir



03iyl glayaui jlail iy aalilng

Future Cities Vision

journal of Future Cities vision

Autumns 2025. Vol 6. Issue 23
ISSN (Print): 2783-0780- ISSN (Online): 2783-0780
Journal Homepage: https://www.jvfc.ir/

Extended Abstract

Introduction

Climate change represents one of the most critical
challenges of our time, characterized by
significant global warming since the late 19th
century and leading to alterations in the intensity,
frequency, and duration of extreme weather
events. A key manifestation of this change is the
disruption of precipitation patterns, which poses
substantial risks to urban areas, including
increased flooding due to heavy rainfall and
inadequate drainage systems. These challenges
are particularly acute for large metropolises like
Tehran, Iran's capital, which is situated at the
foothills of the Alborz Mountains and exhibits
significant climatic variability. Understanding
future precipitation trends is crucial for effective
urban water management, flood mitigation, and
the development of sustainable climate
adaptation policies. This study aims to project the
future precipitation trends in Tehran under
different climate change scenarios to inform
strategic planning.

Methodology

This research utilized observed historical
precipitation data (1992-2018) from five
synoptic stations in Tehran (Chitgar, Doshan
Tappeh, Geophysics, Shemiran, and Mehrabad).
The non-parametric Mann-Kendall test and Sen's
slope estimator were employed to detect
historical trends and identify any significant
breakpoints in the data time series. To project
future precipitation, the study leveraged the latest
climate models from the Coupled Model
Intercomparison Project Phase 6 (CMIP6). Data
from seven CMIP6 models were used to simulate
precipitation for the period 2030-2100 under two
Shared Socioeconomic Pathways (SSPs): SSP2-
4.5 (an intermediate scenario) and SSP5-8.5 (a
high-emission scenario). The performance of
each climate model was evaluated for each
station, and the model with the highest coefficient
of determination (R2) was selected for the final
analysis of that location. This approach allowed
for a detailed station-specific projection of
monthly and seasonal precipitation changes.

Analysis of Results

The analysis revealed distinct spatial and
temporal patterns in projected precipitation
changes across Tehran. A clear north-south
gradient was confirmed, with northern, higher-
altitude stations like Shemiran historically
receiving more precipitation (~419 mm annually)
than southern stations like Mehrabad (~230 mm).
Under both future scenarios, an overall increasing
annual precipitation trend was projected for most
stations, but the magnitude and seasonal
distribution of changes varied significantly
between the SSPs.

The SSP5-8.5 scenario consistently projected
more intense and pronounced changes compared
to SSP2-4.5. Key findings include:

Seasonal Shifts: Both scenarios predicted
increased precipitation, particularly during spring
(e.g., February, April) and autumn (e.g.,
November). However, these increases were
stronger and more statistically significant under
SSP5-8.5. Conversely, summer months (June-
August) were projected to experience minimal to
no precipitation, a trend consistent across all
stations and scenarios.

Station-Specific Variability: The magnitude of
change differed by location. For instance, Chitgar
and Doshan Tappeh stations showed substantial
annual increases under SSP5-8.5 (up to 16% and
22%, respectively). In contrast, Shemiran station
projected a decrease in annual precipitation under
both scenarios compared to its historical average.
The Geophysics station also showed a smaller
percentage decrease in future rainfall.

Model Performance: The CNRM-CM6-1
model often provided the best simulation for
multiple stations (Chitgar, Doshan Tappeh,
Shemiran, Mehrabad), while EC-Earth3 was
more accurate for the Geophysics station, as
indicated by high R2 values (often above 0.9).

Conclusion

This study underscores the significant impact of
climate change on future precipitation patterns in
Tehran. The projections indicate a shift towards
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wetter springs and autumns, especially under a
high-emission future (SSP5-8.5), coupled with
drier summers. These changes necessitate
proactive and strategic urban planning. The
intensified rainfall under SSP5-8.5 highlights the
critical importance of mitigating greenhouse gas
emissions to avoid the most severe impacts.
Furthermore, the findings emphasize the urgent
need for robust water resource management

stormwater
drainage infrastructure to prevent flooding during
heavy rainfall events and developing water
storage and conservation plans to address

strategies, including enhancing

prolonged summer droughts. Ultimately,
integrating these climate projections into policy
is essential for fostering a sustainable, resilient,
and adaptable metropolitan Tehran.
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Bmax99  Bmin99 B Qmax95 Qmin95  Qmax99  Qmin99 Q Sig. VA Year
24.89 43.22 36.25 0.368 -0.155 0.459 -0.231 0.103 0.69 Jan
22.67 43.24 31.95 0.270 -0.189 0.349 -0.253 0.056 0.36 Feb
30.14 55.97 44.80 0.418 -0.197 0.524 -0.309 0.085 0.67 Mar
17.56 44.54 30.72 0.515 -0.120 0.643 -0.217 0.184 1.24 Apr
10.77 29.21 20.51 0.197 -0.175 0.266 -0.245 0.014 0.12 May
0.35 2.22 1.24 0.012 -0.012 0.023 -0.024 0.000 -0.12 Jun
0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.17 Jul
0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 -0.93 Aug
0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 -0.68 Sep
4.61 20.67 11.22 0.272 -0.050 0.328 -0.102 0.122 1.42 Oct
19.54 40.68 31.239 0.421 -0.098 0.512 -0.198 0.173 1.24 Nov
24.14 47.24 38.869 0.275 -0.305 0.390 -0.397 0 (;44 -0.29 Dec
227.7 289.77 253.18 1.871 0.136 2.158 -0.132 1.052 2.20 &Ulw
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Bmax99  Bmin99 B Qmax95  OQmin95  Qmax99  Qmin99 Q Sig. Z Year
28.25 51.57 40.64 0.402 -0.117 0.492 -0.196 0.138 1.04 Jan
17.30 43.75 31.52 0.501 -0.008 0.584 -0.096 0.222 + 1.87 Feb
31.03 63.25 47.66 0.490 -0.149 0.592 -0.224 0.159 1.02 Mar
14.56 39.00 26.14 0.520 -0.033 0.632 -0.128 0.262 + 1.74 Apr
13.41 31.27 21.80 0.212 -0.162 0.284 -0.230 0.021 0.20 May
0.07 1.59 0.07 0.000 -0.009 0.000 -0.025 0.000 -1.36 Jun
0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 -1.44 Jul
0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 -049  Aug
0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 -0.85 Sep
7.83 24.75 17.91 0.103 -0.205 0.165 -0.265 0 647 -0.68 Oct
28.91 53.86 41.24 0.150 -0.413 0.238 -0.518 0 1'34 -0.90 Nov
20.59 49.52 34.991 0.716 -0.010 0.868 -0.142 0.355 + 1.90 Dec

253.2 331.94 287.08 2.008 0.211 2.333 -0.096 1.068 2.30 aUlw
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Bmax99  Bmin99 B Qmax95 Qmin95 Qmax99  Qmin99 Q Sig. Z Year
24.73 42.37 35.05 0.359 -0.137 0.441 -0.207 0.090 0.75 Jan
21.56 41.89 29.93 0.276 -0.165 0.362 -0.246 0.068 055 Feb
29.34 55.27 44,57 0.426 -0.209 0.512 -0.315 0.088 0.53 Mar
17.63 45.92 30.93 0.545 -0.110 0.680 -0.209 0.199 1.26  Apr
12.27 29.78 21.55 0.243 -0.162 0.290 -0.235 0.030 0.44 May

0.59 2.48 1.44 0.017 -0.014 0.030 -0.029 0.000 -0.02  Jun
0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.17  Jul
0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 -0.93  Aug
0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 -0.71  Sep
4.82 20.41 11.50 0.283 -0.034 0.338 -0.088 0.133 141 Oct
19.44 39.4131  31.933 0.431 -0.077 0.509 -0.155 0.163 142  Nov
23.22 44,565 37.162 0.281 -0.301 0.388 -0.370 -0.03 -0.26  Dec
231.79 293.428  251.66 1.930 0.174 2.269 -0.119 1.100 228  alle
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Bmax99 Bmin99 B Qmax95  Qmin95  Qmax99  Qmin99 Q Sig. Z Year
27.17 49.87 40.57 0.404 -0.102 0.483 -0.207 0.137 1.05 Jan
16.65 42.97 31.87 0.512 0.002 0.606 -0.093 0.227 + 193 Feb
31.30 63.34 48.52 0.487 -0.134 0.609 -0.211 0.150 1.04 Mar
14.23 37.26 26.36 0.552 -0.011 0.662 -0.106 0.273 + 182 Apr
14.42 32.79 23.06 0.215 -0.187 0.279 -0.259 0.015 0.14 May

0.12 2.18 0.12 0.000 -0.017 0.000 -0.035 0.000 -1.4  Jun
0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 -1.44  Jul
0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 -0.49  Aug
0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 -0.8  Sep
11.91 25.17 18.13 0.102 -0.207 0.155 -0.268  -0.052 -0.6  Oct
29.38 53.9241  40.835 0.143 -0.411 0.246 -0.501  -0.125 -1.03  Nov
18.40 50.2238 34.151 0.727 0.003 0.862 -0.127 0.371 + 194  Dec
250.34 333.945 287.72 2.123 0.262 2.477 -0.052 1.097 244  «Ulw
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Bmax99  Bmin99 B Qmax95 Qmin95  Qmax99  Qmin99 Q Sig. Z Year

25.674 44.064 36.568 0.362 -0.137 0.425 -0.199 0.093 0.68 Jan
20.861 40.4 30.781 0.274 -0.158 0.364 -0.24 0.071 045 Feb
29.735 56.879 46.497 0.441 -0.203 0.505 -0.318 0.092 051 Mar
17.824 44.137 32.082 0.566 -0.114 0.71 -0.217 0.19 1.2 Apr
11.774 28.882 20.532 0.243 -0.161 0.302 -0.225 0.031 045 May
0.616 2.487 1.504 0.017 -0.014 0.031 -0.029 0.0 -0.02  Jun
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 019  Jul
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -0.8  Aug
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -06  Sep
4.75 19.617 11.164 0.277 -0.034 0.345 -0.086 0.128 146  Oct
19.351 37.62 31.338 0.453 -0.076 0.525 -0.148 0.168 1.47  Nov
23.254 46.184 37.259 0.268 -0.3 0.404 -0.358 0.631 -0.17  Dec
238.032  303.003 258.957 1.99 0.171 2.255 -0.119 1.064 252 &l
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Bmax99 Bmin99 B Qmax95 OQmin95  Qmax99  Qmin99 Q Sig. Z Year
0.97 11.72 4.13 3.56 -2.10 2.97 -v.88 -v.02 -2.1 Jan
15.42 25.29 19.72 2.27 -1.94 1.74 -2.57 1.99 281 Feb
10.42 22.86 18.90 2.63 -1.72 2.35 -2.12 -1.65 -1.94  Mar
11.33 18.29 23.15 1.87 -1.51 2.08 -1.82 0.92 2.03  Apr
10.92 15.04 20.16 3.09 -2.24 3.12 -3.13 -1.12 -1.71 May
0.00 0.00 0.00 1.04 -1.93 0.97 -2.19 1.23 1.18  Jun
0.00 0.00 0.00 2.22 -1.31 2.12 -1.86 -1.71 -2.8 Jul
0.00 0.00 0.00 1.85 -0.93 1.99 -1.14 1.81 2.63  Aug
0.00 0.00 0.00 2.19 -1.78 1.84 -2.29 -1.43 -2.05  Sep
15.37 28.97 22.29 2.48 -1.52 2.67 -1.88 1.11 148  Oct
17.03 19.38 20.87 2.21 -2.31 2.24 -2.75 -1.35 -21  Nov
12.21 13.91 17.18 2.59 -1.22 2.85 -1.32 1.57 1.74  Dec
130.5 148.3 135.9 5.39 -1.77 5.77 -1.98 3.21 3.38  &lle
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Bmax99 Bmin99 B Qmax95 Qmin95 Qmax99 Qmin99 Q Sig. z Year
26.05 43.94 35.60 0.359 -0.127 0.440 -0.203 0.098 0.80 Jan
20.48 43.43 31.28 0.303 -0.161 0.394 -0.223 0.084 0.62 Feb
33.07 66.91 48.69 0.485 -0.210 0.598 -0.322 0.117 0.68 Mar
20.50 55.33 40.27 0.662 -0.141 0.814 -0.247 0.217 1.17 Apr
17.89 41.21 30.86 0.303 -0.224 0.391 -0.319 0.046 0.51 May

1.25 4.94 2.83 0.037 -0.034 0.056 -0.060 0.000 -0.18 Jun
0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 -0.12 Jul
0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 -0.93 Aug
0.17 0.73 0.39 0.003 -0.006 0.005 -0.009 0.000 -0.46 Sep
7.41 25.23 12.72 0.357 -0.021 0.420 -0.090 0.179 + 1.69 Oct
21.21 45.47 34.02 0.462 -0.082 0.540 -0.175 0.195 1.37 Nov
26.072 46.96 38.73 0.304 -0.269 0.398 -0.350 0.009 0.02 Dec
2575 336.62 294.46 2.362 0.302 2.691 -0.030 1.291 2.48 AUlw
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Bmax99 Bmin99 B Qmax95 Qmin95 Qmax99 Qmin99 Q Sig. z Year
28.76 51.78 42.46 0.406 -0.109 0.493 -0.196 0.131 1.01 Jan
17.78 43.81 31.97 0.508 -0.036 0.584 -0.109 0.234 1.63 Feb
38.28 72.35 54.23 0.590 -0.140 0.715 -0.263 0.203 1.14 Mar
17.99 45.45 35.01 0.710 0.016 0.867 -0.105 0.336 2.01 Apr
20.83 47.13 30.78 0.264 -0.286 0.362 -0.388 -0.015 -0.14 May
0.49 4.04 0.84 0.000 -0.046 0.001 -0.067 -0.007 + -1.8 Jun

0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 -1.5 Jul

0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 -0.50 Aug

0.27 0.61 0.35 0.000 -0.007 0.001 -0.009 -0.003 -1.5 Sep
15.92 30.83 21.48 0.131 -0.238 0.194 -0.309 -0.054 -0.6 Oct
31.43 56.44 43.78 0.185 -0.415 0.284 -0.524 -0.13 -0.85 Nov
20.21 50.78 36.079 0.742 0.032 0.865 -0.088 0.405 2.09 Dec
284.62 381.40 332.93 2.323 0.191 2.740 -0.158 1.143 2.30 AUlw
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Bmax99 Bmin99 B Qmax95 Qmin95 Qmax99 Qmin99 Q Sig. Z Year
25.00 43.00 36.00 0.36 -0.14 0.44 -0.20 0.09 0.80 Jan
22.00 42.00 30.00 0.28 -0.16 0.36 -0.24 0.07 0.60 Feb
30.00 56.00 45.00 0.43 -0.21 0.51 -0.31 0.09 0.55 Mar
18.00 46.00 31.00 0.55 -0.11 0.68 -0.21 0.20 1.30 Apr
13.00 30.00 22.00 0.24 -0.16 0.29 -0.23 0.03 0.45 May
0.60 2.40 1.40 0.02 -0.01 0.03 -0.03 0.00 -0.05 Jun
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 Jul
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.95 Aug
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.75 Sep
5.00 21.00 12.00 0.28 -0.03 0.34 -0.09 0.13 1.45 Oct
20.00 40.00 32.00 0.43 -0.08 0.51 -0.16 0.16 1.40 Nov
23.00 45.00 38.00 0.28 -0.30 0.39 -0.37 -0.03 -0.25 Dec
232.00 294.00 250.00 193 0.17 2.27 -0.12 1.10 2.30 GUlw
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Bmax99 Bmin99 B Qmax95 Qmin95 Qmax99 Qmin99 Q Sig. z Year
27.00 50.00 41.00 0.40 -0.10 0.48 -0.21 0.14 + 1.10 Jan
17.00 43.00 32.00 0.51 0.00 0.61 -0.09 0.23 + 1.90 Feb
31.00 63.00 49.00 0.49 -0.13 0.61 -0.21 0.15 1.05 Mar
14.00 37.00 27.00 0.55 -0.01 0.66 -0.11 0.27 + 1.85 Apr
14.00 33.00 23.00 0.22 -0.18 0.28 -0.26 0.02 0.15 May
0.10 2.10 0.10 0.00 -0.01 0.00 -0.03 0.00 -1.45 Jun
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -1.40 Jul
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.50 Aug
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.80 Sep
12.00 25.00 18.00 0.10 -0.20 0.16 -0.27 -0.05 -0.65 Oct
29.00 54.00 41.00 0.14 -0.40 0.25 -0.50 -0.12 -1.00 Nov
18.00 50.00 35.00 0.73 0.00 0.86 -0.13 0.37 + 1.95 Dec
250.00 334.00 288.00 212 0.26 2.48 -0.05 1.10 2.45 aUlw
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