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The current research was carried out to analyze the changes in precipitation in northwest
Iran during the coming decades based on GCM models. For this purpose, first, the
precipitation of 1985-2014 was trended based on the Mann-Kendall test. Then, the daily
precipitation data for each of the studied stations was simulated in SDSM6.1 software for
1985-2014. Then, under the scenarios (SSP2-4.5) and (SSP5-8.5) of CanEsm5 and MPI-
ESMI-2HR models, the precipitation of 2015-2043 was predicted. To evaluate the
performance of CMIP6 models and compare the basic and predicted values, MSE, RMSE,
and MAE statistical measures were used. According to the results of the Man-Kendal test,
the precipitation of the base period in the stations of Tabriz, Ardabil, Urmia, Takab, and
Maragheh has a decreasing trend and in the stations of Meshginshahr, Sardasht, Mako,
Khalkhal, Sarab, Jolfa, and Parsabad it has an increasing trend. Among the 12 investigated
stations, only the Maragheh station had a significant decreasing trend. In other stations,
precipitation trends were not significant. According to the predictions made based on the
mentioned models, under the medium scenario (SSP 2-4.5), the precipitation will decrease
in late winter and early spring. In other months, especially summer and autumn months,
the percentage of precipitation will be higher. Based on the SSP5-8.5 scenario, the highest
percentage of precipitation decrease in the MPI model was predicted by 33% in Jolfa,
Sardasht, and Maragheh stations, and in the CanESM5 model, about 33-35% in Jolfa,
Takab, and Urmia stations. According to the results, although both models predicted
precipitation with a relatively high error, the MPl model had a lower error and more
accuracy in predicting precipitation than the CanESM5 model.
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Introduction
Climate change is one of the most important concerns of the present and future centuries. The increasing
growth of industries and factories on the one hand and deforestation and environmental destruction on the
other hand have resulted in the increase of greenhouse gases on the surface of the earth. Climate change
can have significant effects on climatic parameters and affect other components of a system such as
water and soil resources. One of the main components of the hydrological cycle is precipitation, which has
a significant impact on natural ecosystems, especially irrigation and drainage. Precipitation is one of the
important climatic elements and its sudden changes can change the climate structure of any region. Changes
in the intensity and frequency of precipitation, including extreme events, have the greatest impact on water
resources management and flood risk management.
Data and method
The present research was conducted in two stages. In the first stage, the precipitation trend of 12 selected
stations during the past period (1985-2014) was investigated and the Mann-Kendall graphic test was
used to analyze the trend. In the next step, simulation and prediction of precipitation for the coming period
were done. To carry out this stage of the research, two sets of data were needed. The first category
was the daily precipitation data of the synoptic stations of Jolfa, Tabriz, Sarab, Maragheh, Parsabad,
Meshkinshahr, Ardabil, Khalkhal, Mako, Urmia, Takab, and Sardasht, which were obtained from the
IRIMO (Islamic Republic of Iran Meteorological Organization). The second category was the GCMS model
data including CanEsm5, MPI-ESMI-2HR, from the CMIP6 model series, which was obtained
from the website of the Coupled Model Intercomparison Project Phase 6 (https://climate-
scenarios.canada.ca/?page=pred-cmip6). Then, the precipitation of the studied stations was predicted in
SDSM6.1 software, for the base period, simulation, and under two new scenarios (SSP2-4.5) and
(SSP5-8.5) for the future (2015-2043). To evaluate the accuracy of CanEsm5, MPI-ESMI-2HR models,
measurement error indices (MSE), (RMSE), and (MAE) were used.
Discussion
Examining the Man-Kendall graph test showed that in the series of total annual precipitation in
Tabriz, Urmia, Ardabil, Takab, and Maragheh stations, the U curve moved to the negative side. In other
words, the precipitation in these stations has had a negative and decreasing trend in recent years. Also, in
the stations of Meshkinshahr, Sardasht, Mako, Khalkhal, Sarab, Jolfa, and Parsabad, since the two curves of
the Mann-Kendall diagram test have crossed each other in the positive range, the precipitation trend has
been increasing. Among the 12 studied stations, only the Maragheh station's precipitation has had a
significant decreasing trend. In other stations, because the U graph did not cross the two lines Y=1.96
and Y=-1.96, therefore the increasing and decreasing trends in the series were not significant. Although
in the MPI and CanESM5 models, the error rate based on MAD, MSE, and RMES error metrics was
relatively high, the error rate of observation data with data generated for all stations in the MPI model was
lower than the CanESM5 model. Since the amount of error in both models was almost close to each other,
therefore, the forecasting of precipitation amounts for the coming years was done based on both models.
According to the findings of the research, based on MPI and CanESM5 models and based on the
intermediate scenarios of SSP 2-4.5 and pessimistic SSP 5-8.5, in all studied stations, the simulated and
predicted precipitation values for 2015-2043 in most of the months of the year will be lower than the
values of the base period. The results also showed that in Meshkinshahr, Mako, Sardasht, Sarab,
Parsabad, and Jolfa stations, there will be a slight increase in rainfall in the last months of winter and
the beginning of spring, and in other months, especially in late summer and early autumn, there will be a
decrease in precipitation. In other stations, although no increase in precipitation was predicted, the
lowest percentage decrease was predicted in the months of late winter and early spring, and the highest
decrease was predicted in summer and autumn. Also, the highest percentage of precipitation decrease in the
MPI model was predicted by 33% for Jolfa, Sardasht, and Maragheh stations, and in the CanESM5 model
about 33-35% for Jolfa, Takab, and Urmia stations.
Results
According to the results of precipitation trending, among the 12 selected stations, only Maragheh station had
a significant decreasing trend at the 95% confidence level, but in other stations, the increasing and
decreasing trends in the precipitation series were not significant. The validation results of the GCM models
also showed that although the error rate was relatively high in both models, especially in the MSE index,
the error rate of the observation data with the data generated for all stations in the MPI model was lower
than the CanESM5 model. Therefore, this model simulated the precipitation of the study area with more
accuracy and less error. The findings also showed that in all the selected stations, the rainfall changes
will not be the same in all months of the year. In some stations, a slight increase in precipitation was
predicted in the last months of winter and early
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spring, and a decrease in precipitation in late summer and early autumn. In some stations, although an increase in
precipitation was not predicted, the lowest percentage of precipitation decrease was predicted for late winter and
early spring, and the highest decrease in precipitation was predicted for summer. In general, in all studied
stations, the decrease in precipitation will be more than its increase.
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