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Background and Objectives: Global warming cause changes in
temperature variables and consequently increase in the occurrence of
extreme events like floods and droughts, result from extreme weather in
most cases; Therefore, it is important to study and investigate the future
changes of extreme values of meteorological and hydrological parameters,
including temperature, more than the average or median value. Therefore,
the purpose of this research is to investigate the effects of climate change
on the trend of seasonal changes in extreme temperatures (very high and
very low values) in coastal stations of Mazandaran province based on
CMIP6 models and quantile regression method.

Materials and Methods: In this research, in order to investigate the trend
of extreme values of temperature in Mazandaran province for the future
periods, the output of the sixth generation of climate change models
(Coupled Model Intercomparison Project phase 6, CMIP6) was used. For
this purpose, minimum and maximum temperature of four main synoptic
stations of the province, including Babolsar, Qarakhil, Ramsar and
Nowshahr, and also the output of the NorESM2-MM climate model from
the CMIP6 in near future (2026-2055) and far future (2071-2100) at
three optimistic (SSP126), moderate (SSP245) and pessimistic (SSP585)
scenarios was used. In order to downscale climate model data at the studied
meteorological stations, various methods in the CMhyd downscaling
software were used, and the temperature data output for the method that
had higher accuracy, was selected for analysis of trend. In the next step, the
quantile regression method was used to investigate the seasonal trend of
temperature extreme values and the results were analyzed.

Results: The results of downscaling using different methods have shown
that the Variance Scaling method has the best performance among the
available methods in CMhyd. In general, the results show a positive
temperature anomaly (annual temperature increase compared to the base
period in SSP126=1.3, SSP245=2.56, SSP585=3.2 °C) in Mazandaran
province in all months of the year until the end of the 21st century. The



mailto:rbararkhan@gmail.com
mailto:saramazloom94@gmail.com
mailto:Abbbasjedari@gmail.com
https://orcid.org/0009-0006-5968-9115
https://orcid.org/0000-0003-0854-8380
https://orcid.org/0009-0009-3709-2854
https://orcid.org/0000-0001-8154-3792

intensity of the anomalies is higher in the warm months than in the cold
ones. Under the optimistic scenario, the extreme values of the temperature
variables in the spring and autumn seasons will decrease by a maximum of
1 degree per decade in the distant future. However, the average minimum
temperature is increasing in all scenarios (including the optimistic scenario)
and the decrease is only predicted for extreme values. Under the average
and pessimistic scenarios, there will be an increase in the temperature
extreme values in all seasons, so that its intensity will be greater for the
pessimistic scenario and in the spring season (0.15 °C per year).

Conclusion: According to the results, it concluded that the significant
increase in extreme temperature during the day and night, especially in the
warm months of the year, will increase evapotranspiration, and along with
the decrease in rainfall in the hot months, it will cause a decrease in water
resources in different parts of Mazandaran province and pressure on the
groundwater. Therefore, it is very important to formulate and implement
appropriate management programs according to the needs of each region,
in order to adapt to extreme temperatures and their adverse consequences.
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Figure 1. Geographical location of the study area and the investigated meteorological stations.
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Table 1. Evaluation of downscaling methods for minimum temperature data in the studied stations.

33 5:23)
R2 A.SJLM &Asw@ el;.&,g"\ RZ AJ:L:A ;SAEJ"L‘E" al{l\«il
Equation Downscaling Station Equation Downscaling Station

Method Method

0.78  0.8866x+1.6001 DM 0.79 0.8918x+1.4516 DM
L |
0.76  0.8909x+1.5391 LS T 0.76  0.8965x+1.3893 LS s
Babolsar Ramsar

0.78  0.881x+1.6795 VS 0.79  0.889x+1.4895 VS

0.77 0.88x+1.5097 DM 0.79 0.8875x+1.4641 DM
s
0.76  0.8825x+1.4781 LS P 075 0.8927x+1.3058 LS s
Gharakhil Nowshahr

0.77 0.8746x+105766 VS 0.79 0.883x+1.522 VS

DM: Distribution Mapping, LS: Linear Scaling, VS: VarianceScaling
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Table 2. Evaluation of downscaling methods for maximum temperature data in the studied stations.

T3 T3)
Rz 4.‘.)\.*.& g&lsdul::u AKL«”:\ RZ 4J.>l;u L;blSJAL:.E.A aK:.w..v_l
Equation Downscaling Station Equation Downscaling Station
Method Method
0.72  0.8477x+3.239 DM 0.7  0.8411x+3.1283 DM
L |
0.57  0.8576x+3.029 LS b 0.56  0.8543x+2.8669 LS S
Babolsar Ramsar
0.72  0.8517x+3.1548 VS 0.71  0.8425x+3.0991 VS
0.6  0.7762x+4.8625 DM 0.7  0.8404x+3.1768 DM
3 ..
0.52  0.7834x+4.7076 LS 2 0.54  0.8533x+2.9198 LS A
Gharakhil Nowshahr
0.61  0.7806x+4.7686 VS 0.71  0.8441x+3.1027 VS
DM: Distribution Mapping, LS: Linear Scaling, VS: Variance Scaling
Variance Scaling Linear Scaling Distribution Mapping
40 y=0.8425x +3.0991 50

y=0.8543x + 2.8669 40
R?=0.5593

y=0.8411x+3.1283
R*=0.7072
.

R?=0.7098 g

20 20 ©
10 10
0 0 -y 1
40 & 10 20 30 40
-10 -10
LS DM
40 40 T y=0.8918x+1.4516

y=0.8965x+1.3893
R?=0.7606

R*=0.7941

30
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Figure 2. Regression analysis between minimum (blue circles) and maximum (brown circles) temperature data
in the base period and downscaled scenario data for Ramsar station.
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Figure 3. Box plot of minimum (blue) and maximum (orange) temperature data in the base period and
downscaled scenario data for Ramsar station.
(OB: Observation, DM: Distribution Mapping, LS: Linear Scaling, VS: Variance Scaling)
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Table 3. Average annual minimum and maximum temperature in the base and future period for different scenarios.
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Figure 4. Chart of monthly maximum temperature changes for the base period and different scenarios of
climate change.
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Table 4. Slope values (°C/year) and the significance of the trend in the extreme lower and upper quantiles of
temperature (0.02 and 0.98) for the studied stations in the spring season.

1A kb S il / 520l
Gharakhil Babolsar Nowshahr Ramsar S 093 B
Quantile/ Period Variable
0.98 0.02 0.98 0.02 0.98 0.02 0.98 0.02 Scenario
0.037 0.014 0.04 0.01 0.038 -0.01 0.061 0.007 SSP126 . -
Seap ey
-0.016 0.002 -0.015 0.002 -0.01 0.003 0.011 -0.02 SSP245 Near Future
(2026-2055)
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033 oy
-0.01 -0.017 -0.014 -0.01 -0.011 -0.03 -0.01 -0.022 SSP245 Far Future
(2071-2100)
0.017 0.034 0.017 0.01 0.011 0.04 0.004 0.03 SSP585
0.072 -0.01 0.054 -0.004 0.05 -0.005 0.087 -0.01 SSP126 . -
s 3 ol
0.037 0.03 0.021 0.033 -0.009 0.019 -0.004 -0.004 SSP245 Near Future
(2026-2055)
0.043 0.067 0.036 0.05 0.036 0.05 0.05 0.052 SSP585 Lo i
-0.1 -0.1 -0.096 -0.073 -0.07 -0.06 -0.07 -0.05 SSP126 - Tmax
PEERE
-0.006 -0.04 -0.033 -0.031 -0.0004 -0.045 -0.014 -0.04 SSP245 Far Future
(2071-2100)
0.044 0.15 0.032 0.12 0.002 0.12 0.038 0.03 SSP585
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Table 5. Slope values (°C/year) and the significance of the trend in the extreme lower and upper quantiles of
temperature (0.02 and 0.98) for the studied stations in the summer season.

Je 3 FRRE s ol 2
Gharakhil Babolsar Nowshahr Ramsar St ST s
Quantile/ Period Variable
0.98 0.02 0.98 0.02 0.98 0.02 0.98 0.02 Scenario
0.02 0.031 0.017 0.022 0.013 0.006 0.014 0.013 SSP126 st o]
235 aJ..'g_l
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(2026-2055)
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0.017 -0.009 0.035 0.073 -0.0033 0.012 0.006 0.016 SSP126 5ol Tmin
BEERSS
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D o
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Table 6. Slope values (°C/year) and the significance of the trend in the extreme lower and upper quantiles of
temperature (0.02 and 0.98) for the studied stations in the autumn season.

A ekl A b 520k
Gharakhil Babolsar Nowshahr Ramsar S o33 e
Quantile/ Period Variable
0.98 0.02 0.98 0.02 0.98 0.02 0.98 0.02 Scenario
0.036 0.08 0.035 0.073 0.035 0.08 0.036 0.093 SSP126 Sosy ot
0.026 0.038 0.024 0.034 0.029 0.019 0.028 0.055 SSP245 Near Future
(2026-2055)
-0.011 -0.065 -0.011 -0.059 -0.016 -0.063  -0.0007 -0.064 SSP585 Loy 4inS
0.007 -0.018 0.007 -0.016 0.019 -0.02 0.008 -0.037 SSP126 53 ] Tmin
-0.0019 0.02 -0.016 0.017 -0.01 0.029 0.0009 0.046 SSP245 Far Future
(2071-2100)
0.075 0.063 0.072 0.056 0.06 0.06 0.06 0.046 SSP585
0.072 0.057 0.062 0.049 0.043 0.045 0.057 0.068 SSP126 s oo
535 oy
0.1 0.02 0.1 0.018 0.1 0.009 0.077 0.02 SSP245 Near Future
(2026-2055)
0.026 -0.022 -0.032 -0.02 -0.032 -0.035 -0.04 -0.016 SSP585 los ain
0.02 -0.084 0.016 -0.083 0.02 -0.05 0.02 -0.08 SSP126 J Tmax
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Table 7. Slope values (°C/year) and the significance of the trend in the extreme lower and upper quantiles of
temperature (0.02 and 0.98) for the studied stations in the winter season.

1A kb S s /520l
Gharakhil Babolsar Nowshahr Ramsar Sox 093 B
Quantile/ Period Variable
0.98 0.02 0.98 0.02 0.98 0.02 0.98 0.02 Scenario
0.01 0.003 0.009 0.004 0.006 0.002 0.014 0.008 SSP126 . -
&'!.3)’ aJ..'g_l
0.04 -0.002 0.034 -0.0035 0.039 -0.027 0.033 -0.01 SSP245 Near Future
(2026-2055)
0.022 0.006 -0.017 0.007 0.011 0.014 0.02 0.012 SSP585 los 4i0eS
-0.017 -0.018 0.003 -0.026 0.003 -0.026 0.001 -0.01 SSP126 s o Tmin
093 ey
-0.001 0.011 0.001 0.014 -0.007 0.004 -0.01 -0.002 SSP245 Far Future
(2071-2100)
0.023 0.006 0.073 0.007 0.064 0.01 0.054 0.02 SSP585
-0.022 0.04 -0.008 0.03 0.007 0.03 -0.004 0.033 SSP126 . -
s 3 ol
0.059 -0.004 0.076 -0.003 0.06 0.013 0.046 0.049 SSP245 Near Future
(2026-2055)
-0.007 0.092 -0.003 0.07 0.03 0.042 0.028 0.045 SSP585 Lo it
-0.01 -0.018 0.013 -0.023 0.013 -0.023 0.011 0.003 SSP126 ol Tmax
BECREM
0.048 0.092 0.04 0.068 0.048 0.035 -0.01 0.034 SSP245 Far Future
(2071-2100)
-0.007 0.092 0.1 0.037 0.08 0.05 0.11 0.055 SSP585
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