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Abstract

This study was aimed at evaluating the accuracy of selected models at 7 synoptic meteorological stations
based on Taylor's diagram to simulate precipitation in the southern part of the Aras river basin (Iran)
over the past three decades. This study, by examining the the CMIP6 series models with high horizontal
resolution, intends to introduce the superior model in the region for predicting precipitation so that the
water resources situation in the studied region can be managed. For this purpose, data from 4 AOGCM
(MPI-ASM1-2-HR, CMCC-CM2-SR5, BCC-CSM2-MR and EC-Earth3-CC) were used by the CMIP6
series models. The historical period of 1985-2014 was considered. The raw output of the models
downscaled by CMhyd software. To select the appropriate downscaling method, three methods were
used: Linear Scaling, Power transformation, and Taylor diagram distribution mapping. The
performance of the models at each station was evaluated by Taylor's chart. The calculations showed
that the top model in all selected stations in the study area is the BCC model and the weakest model for
simulation of the southern part of the Aras river basin, the MPI model. The results showed that the raw
output of the models had a lot of error and could not be used directly. The results also showed that the
Linear Scaling downscaling method has a good ability to optimize the output of GCM models in the
study area. Based on the study, the BCC model is reliable for predicting precipitation in the study area.
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Introduction

Increasing surface temperature and change in
precipitation patterns are the dominant
phenomena in climate change and affect all
parts of the water cycle (Ahmadabadi and
Sedighifar, 2018). Precipitation is directly
affected by the increase in global temperature,
which increases the evapotranspiration rate,
resulting in the concentration of water vapor in
the atmosphere. The variety of different
properties of precipitation, namely, intensity,
frequency and temporal distribution in different
areas is expected (Nasidi et al, 2021). Studiesin
Iran indicate a decrease in precipitation,
increased temperature and water resources
reduction under climate change (Zarrin and
Dadashi Roudbari, 2020). In order to illustrate
climate change in future periods, 3D paired
AOGCM (Atmospheric and Oceanic General
Circulation Models) are the most prestigious
tools. Given the dependence of climate change
on the results of climatic models (Chen et al,
2015), it is mostly possible to achieve more
reliable illustrations in the future using the
climatic models presented in the new 6th report
(Stouffer et al, 2017). The CMIP6 (Coupled
Model Intercomparison Project Phase 6)
continues the pattern of evolution and previous
phases of the CMIP and includes new organized
scenarios of global climatic modeling designed
to identify different weather mechanisms
(Eyring et al, 2016). Compared to the CMIP5,
the models in CMIP6 have generally improved
better clarity and physical processes (Stouffer
et al, 2017). Using a single AOGCM model to
estimate temperature and precipitation changes
in different parts of the world is a common
approach. Research has shown that using a
single model in this field may cause error and
uncertainty in climate change forecasts
(Zareian et al, 2015). The reason for using
higher -ranking models in terms of simulation
skills is that models have different skills in
different areas and courses (Baggcaci et al,
2021). Uncertainty and bias vary from model to
model and for specific variables. Therefore,
direct use of model outputs is hot recommended
as it may lead to incorrect results. Therefore, the
use of downscaling methods or bias correction
for using climate data from GCM models is
considered a necessary step (Zhao et al, 2017).
Nilawar and Waikar (2019) examined the
impacts of climate change on the flow of the

Purna River in India using RCP scenarios. The
results showed that temperature and
precipitation would rise in the coming period.
Wehner et al. (2020) comparatively studied
precipitation data and the extreme temperatures
of the Earth during the historical periods of
CMIP5 and CMIP6 reports. The results showed
that the historic CMIP6 output was able to
better simulate precipitation and limit
temperatures as corresponding to the CMIP5
data. Majdi et al. (2022) used the average of 2
GCM models and two SSP scenariosto preview
temperature and precipitation changes in the
Middle East and North Africa. The results
indicate an increase in temperature and a
decrease in precipitation in most parts of the
study area Tiku et al. (2025) simulated and
evaluated precipitation with CMIP6 models in
the Amhara region of Ethiopia. They used 16
GCM models. Statistical measures such as
coefficient of determination (R?), Root Mean
Square Error (RMSE), Mean Bias (MB), Taylor
plot, and T-Test were used to evaluate the
performance of the models over the period
1985-2014. The results showed that the models
performed better in the eastern part of Amhara
than in the western part. Sharifan et al. (2025)
used CMIP6 models to assess the impact of
climate change on future precipitation in the
Siminehrood River Basin (lran). For this
purpose, the performance of 26 climate models
used to predict precipitation in the base period
(1988-2018) was evaluated and the models
were ranked and weighted. Then, the
precipitation change trend during 2031-2050
was examined under the SSP1-2.6, SSP2-4.5
and SSP5-8.5 scenarios and the LARS-WG 7.0
model was implemented to downscale the
precipitation data of the GCM models. The
results showed that annual precipitation will
decrease under all three scenarios compared to
the base period. Li et al. (2025) assessed and
predicted heavy rainfall in the Yangtze and
Yellow River regions based on the optimized
CMIP6 models using statistical downscaling.
The results showed systematic overestimations,
especially in the eastern parts of the region,
with deviations reaching 304.8% for winter.
Gulakhmadov et al. (2025) modeled historical
and future changes in temperature and
precipitation in the Panj River basin in Central
Asia under the CMIP5 RCP and CMIP6 SSP
scenarios. Uncertainty analysis showed that the
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CMIP6 precipitation deviation bands were
significantly improved, leading to a more
accurate picture of different climatic regions
than CMIP5. Malkian et al. (2019) studied the
effects of climate change on some hydrological
characteristics of water resources in Ardabil
province. The results from simulations using
the Bilan model indicate insignificant changes
in total surface runoff in the future period in the
studied basins compared to the reference
period. Aghabeigi et al. (2020) evaluated the
effects of climate change on runoff in some
watersheds of Ardabil province using the
IHACRES hydrological model. For this
purpose, the climate parameters of maximum
temperature, minimum temperature, and
precipitation over the coming decades (2011-
2030) were investigated using the LARS-WG
exponential downscaling model and the output
of the HadCM3 model. The results showed that
the amount of precipitation over the coming
decades will fluctuate and overall, for the
period 2011-2030, the amount of precipitation
has decreased by 3.68%. Khajeh Amiri et al.
(2022) evaluated the accuracy of CMIP6
climate models on the Makran coast using
the NSE (Nash-Sutcliffe efficiency)
coefficient, RMSE (Root Mean Square Error),
and, KGE (Kling-Gupta Efficiency). To this
end, they used four global circulation models in
the historical period 1-4. According to the
surveys, six models of FGOALS, MPI-ASM1,
CaneSM5, MRI-ASM2, EC-Earth3, IPSL-
CMGBA, Access-ASM were selected as the best
model. Then, two ensemble models were
introduced, the arithmetic mean and
the Independence Weighted Mean (IWM)
methods, and the weighted mean model showed
better results. Abdolalizadeh et al. (2023)
projected and evaluated climatic variables of
Lake Urmia temperature and precipitation
using CMIP6 models under two SSP1-2.6 and
SSP5-8.5 scenarios in 2031-2055 and 2071-
2095 periods. The accuracy of the models for
the base period (1990-2014) was evaluated after
downscaling using the Taylor graph and the
RMSE and the NRMSE (Normalized Root
Mean Square Error) indexes. Among the
models, the MRI-AM2-0 model was selected
for temperature and the Inm-CM5-0 model for
precipitation by SSPLIN downscaling for the
future climate. The results showed that the
average annual temperature of the Lake Urmia
catchment will increase under all scenarios and

the average annual precipitation in all scenarios
would decrease. Based on the spatial
distribution of temperature and precipitation
changes in the coming period, the highest
increase in temperature and the highest
decrease in precipitation in the northern areas of
Lake Urmia will occur. Asadi (2024) preview
the trend of climatic parameters affecting
almond product growth at the Birjand Station
for 2021 to 2100 using IPSL-CM5A-LR and
GFDL-ASM2M models related to CMIP5 and
GFDL-ASM4 and IPSL-CM6A-LR models
related to the CMIP6 report.

The results of the Mann-Kendall test
indicated that the average, maximum, and
minimum temperatures had an increasing trend
of more than 3 degrees Celsius, and the amount
of precipitation also had a decreasing trend.
CMIP6 models predicted temperature and
precipitation in the study area with a lower
average error than CMIP5 models. The Aras
basin has good conditions for agriculture and
since agriculture requires water, and many
dams have been built in the area that are the
source of electricity generation in many areas,
with climate change, precipitation patterns have
changed and threaten the agriculture and water
plant in the region. According to the above
mentioned, it is important to study the
precipitation of the Aras basin in future period.
This study is innovative in terms of
downscaling with CMhyd software, using
models with high horizontal resolution, and
using four coupled 3D atmospheric and oceanic
general circulation models to evaluate
precipitation.

Materials and Methods

Study Area

Figure 1 shows the geographical location of
the study area. The Aras river basin is the
longest river in Iran and is part of the western
sub-basin of the Caspian Sea. The southern part
of this basin is located in the northwest of Iran
on the connecting axis of the Middle East with
Central Asia in a region with a special and
sensitive location that includes the northern
parts of Ardabil, East Azerbaijan, and West
Azerbaijan provinces. The Aras river basin in
Iran is located between the geographical
coordinates 44° 01" 42" - 48° 42" 33" east
longitude and 37° 46" 10°" - 39°47° 07" north
latitude (Kiani Sefidan Jadid, 2005). This basin
is of great importance due to its large size and
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climatic diversity and its location in three
provinces (Hafezparast et al, 2015). The
southern part of this river belongs to Iran, and
the highest point in this part is Sabalan Peak,
which is located at an altitude of 4811 meters
above sea level. Its lowest point is located at the
outlet of the Aras River on the border of Iran
and the Republic of Azerbaijan. A major part of
the basin area is located in mountainous and
foothill areas. The Sabalan, Baghrou, Qara-

Dagh, Ghoshe-Dagh, Mishudagh, Kiamki-
Dagh, and Orin mountains are among the high
mountains of this basin. Thiswatershed, located
in northwest Iran, is bounded by the Aras
border river to the north, Turkey to the west,
Lake Urmia and Sefidrud watersheds to the
south and southeast, and Talesho and Anzali
Marsh watershed to the east (Ministry of
Energy of Iran, 2011).
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Fig. 1: Geographical Location of the Study Area

In this study, two groups of observational and
model data were used daily for 3 decades. Daily
precipitation data from 7 synoptic stations
located in northwest Iran were obtained from
the Iran  Meteorological  Organization
(wwwe.irimo.ir). The output of the CMIP6 was

node.lInl.gov/projects/cmip6/ for the time
period 1985-2014 (historical period). Table 1
shows the models used in this study. In this
study, initially, among the CMIP6 series
models, those models that had data with
common historical periods and high horizontal

extracted from the https://esgf- spatial resolution were selected.
Table 1: Specifications of the CMIP6 models analyzed in the study
o Spatial
Row Model Developer Organization Country Resolution

1 MPI-ESM1-2-HR German Regional Data Center Germany 100 km
2 CMCC-CM2-SR5 European Mediterranean Center Italy 100 km
3 BCC-CSM2-MR Beijing Climate Center China 100 km
4 EC-EARTH3-CC Consortium of Several Commercial Firms  European Union (2 countries) 100 km

After extracting the output of the 4 selected
models, in order to reduce the uncertainty, 3
methods (Linear Scaling), Power
Transformation and Distribution Mapping)

were used for downscaling in the CMhyd
(Climate Model data for hydrologic modeling)
software environment. The efficiency of each
of the 3 downscaling methods was determined
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by drawing the Taylor diagram. The Taylor
diagram  simultaneously  considers  the
skewness, standard deviation and root mean
square indices (Taylor, 2001).

Taylor diagram was drawn in the R software
environment. In this diagram, the observed data
is specified as a reference point on the
horizontal axis and the angular dimension
indicates the correlation between the observed
and simulated values. The standard deviation
values are plotted as concentric circles with
respect to the center of the circle and the RMSE
values are plotted as concentric circles with
respect to the reference point.

Downscaling by CMhyd

The output of GCM models cannot be used
directly due to their large scale. To overcome
the problem of low spatial resolution,
downscaling methods are used (Fallah
Ghalhori, 2019). The CMhyd software was
used to downscale the output of general
circulation models.

This software was developed for hydrological
modeling by Rathjens et al. 2016 at Purdue
University, USA, in the Python environment.
The CMhyd uses eight bias correction methods
in a separate process for precipitation and
temperature. Out of the eight methods, five
methods are specific to precipitation. Fast
execution and the ability to select different
options are the advantages of this software
(Babaeian et al, 2023).

This software requires three types of data,
including observation data, historical climate
model data, and scenario data (future) climate
models. The downscaling process is performed
in five steps, which are: entering observation
variables (in text form), selecting a bias
correction method, entering model data in the
historical and scenario periods (in text form or
NetCdf), processing (including checking data
and performing downscaling), and outputting
results in both numerical and graphical forms
(Babaeian et al, 2021).

Model Performance Evaluation Criteria
Historical simulations are useful for assessing
the accuracy of models. Historical model
periods are an important tool for determining
the consistency and sensitivity of climate
models to observational data and controlling the
uncertainty of these models (Eyring et al,
2016). To determine the accuracy of each of the
4 models in this study at 7 stations in northwest

Iran, after removing bias, Taylor plots were
used. After determining the best models for
each station, the raw and downscaled output of
the best models for each station was verified
with the KIling-Gupta Efficiency (KGE)
statistical index (Equation 1). The KGE index
is a composite index that is able to combine
several statistical indices such as mean,
standard deviation, and data correlation with
each other and increase the accuracy of model
selection based on their ability to simulate the
historical period. In other words, when several
statistical indicators are used separately in this
field, it will be difficult to make a final decision
without using the KGE index (Knoben et al,
2019).

Eqg. 1)

2 2
KGE :1—\/(r—1)2+[65—1j + [ﬂs—lJ
GO /’lﬂ
In this relation, O; and S; are the values of the
observed and simulated precipitation data,

respectively. ., is the mean, o is the

standard deviation and r is the Pearson
correlation coefficient (Zareian, 2022).

Results and Discussion

Figure 2 shows the Taylor diagrams of Jolfa
station for 4 models in the base period, based on
the output of 3 methods: Linear Scaling, Power
Transformation, and Distribution Mapping.
This figure proves that the Linear Scaling
method has high accuracy and less error than
the other two methods. The Taylor diagram of
Jolfa station for 3 models in the base period,
based on the output of 3 methods: Linear
Scaling, Power Transformation, and
Distribution Mapping, showed that the Linear
Scaling method has high accuracy and less error
than the other two methods. According to
Figure 2, the standard deviation and root mean
square error values in the Linear Scaling
downscaling method are 0.25 and 1,
respectively. The standard deviation and RMSE
values in other downscaling methods (Power
Transformation and Distribution Mapping) are
about 0.5 and greater than 1, respectively. Inthe
case of low values of the correlation coefficient,
it is necessary to note that with a complex and
volatile precipitation variable, it is not possible
to expect a high value of the correlation
coefficient; while the correlation coefficient in
temperature studies shows high values.
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Fig. 2: Taylor diagram for the Three Bias Correction Methods at Jolfa Station over the 30-Year Baseline Period

Based on the evaluation performed by the the raw output of the models in this study was
Taylor diagram (Figure 2), among the three bias performed using the above method in the
correction methods, the Linear Scaling method CMhyd software.

was selected (Table 2) and the downscaling of

Table 2: Formulas used in downscaling methods of CMhyd software

Method Name Description of the Downscaling Method Source

The ratio of the monthly mean observed values to the model’s historical

period values is applied to the future simulated time series. This method Mendez et al,

is preferably used for the downscaling of precipitation, vapor pressure, 2020
and radiation.

Linear Scaling

After downscaling, the precipitation output of higher than the temperature variable and the
the 7 synoptic meteorological stations selected correlation coefficient cannot be expected to
in this study in the historical period (1985- have significant values. According to the
2014) was verified by 4 models with Taylor Taylor diagrams drawn in Figure (3), the
diagrams. According to the Taylor diagram standard deviation is in the range of 0.5to 1 and
drawn at each synoptic meteorological station, the RMSE is in the range of 1 to 1.5 and the
the BCC model had the best output at all Pearson correlation coefficient is in the range of
stations in the study area with small values of 0 to 0.1 at all stations. The best performance of
standard deviation and also root mean square the models with standard deviation and RMSE
error, of course, at Jolfa station, the first place 0.25 and 1 belongs to Jolfa station, and the
belongs to the CMCC model by a small weakest performance of the models with
difference. Regarding small values for standard deviation and RMSE 0.7 and 1.25
correlation, it should be noted that the belongs to Urmia station.

uncertainty of the precipitation variable is much
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Fig. 3: Taylor diagram for each station in the study area during the historical period (1985-2014)

After validating the 4 models used in this 3, in all selected stations except Jolfa station,
study using Taylor diagrams, the best models the best model among the 4 models was the
were identified by synoptic station in the BCC model.

southern part of the Aras basin. Based on table

Table 3: Best model for each synoptic station in the study area

Station Best Model
Ardabil BCC
Parsabad BCC
Jolfa CMCC
Tabriz BCC
Uromiye BCC
Khoy BCC
Mako BCC
Table 4 shows the results of the validation of downscaling with the KGE metric. According

the top 7 stations' models before and after to the calculations, the downscaling performed
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by the Linear Scaling method has appropriately
optimized the output of the models in all
stations of the study area and reduced their
errors. According to Table 4, the maximum and

minimum differences in KGE index values
(before and after downscaling) were observed
at Jolfa and Urmia stations, respectively.

Table 4: Comparison of the accuracy of the best model for 7 selected stations before and after downscaling in the study area

. KGE
Station . i
After downscaling Before downscaling
Ardabil -0.04 -0.43
Parsabad -0.06 -0.35
Jolfa -0.7 -47
Tabriz 0 -0.4
Uromiye -0.04 -0.17
Khoy -0.05 -0.43
Mako -0.05 -0.5
Conclusion downscaling and bias correction of model

Precipitation plays the most important role in
human life, to the point that many atmospheric
scientists consider it the most important
atmospheric element. This study aimed to
evaluate the accuracy of selected models at 7
synoptic stations based on the Taylor diagram
for simulating precipitation in the southern part
of the Aras river basin (Iran) over the past three
decades. Research on precipitation is very
prominent due to climate change, and in the
field of predicting future precipitation, it is
necessary to use models with better resolution
and compatible with the studied environment.
Given the high uncertainty in studying climate
change, especially precipitation, single or small
models cannot be used. As a result, validating a
number of general atmospheric circulation
models with appropriate metrics is the best
solution to identify better models for predicting
precipitation in different regions. The results of
the study evaluating the accuracy of the IPCC6
Report models for simulating precipitation
based on the Taylor diagram in the southern
part of the Aras river basin in the historical
period (1985-2014) using 4 GCM models
presented in the IPCC Report 6 at 7 synoptic
meteorological stations based on statistical
downscaling with CMhyd software with the
Linear Scaling method showed that the superior
model in the study area for simulating
precipitation is the BCC model and the weakest
model in evaluating precipitation in the study
area is the MP1 model.

The results of the present study are consistent
with the results of research conducted by Zarrin
and Dadashi  Roudbari  (2020) and
Abdolalizadeh et al. (2023) on the low accuracy
of GCM model outputs and the need for

outputs. On the other hand, the results indicated
that the Linear Scaling fine-tuning method had
better capabilities based on the verification test
conducted among the other 2 downscaling
methods of this study (Power transformation
and Distribution mapping). The evaluation
results with the KGE measure for raw and
downscaled output values of all stations
indicate the appropriate performance of the
Linear Scaling fine-tuning method. The results
also showed that based on the outputs of the
Taylor diagram and the KGE index in the field
of evaluating the models used in the study area,
the most accurate performance was at the Jolfa
station and the weakest performance was at the
Urmia station; in other words, the performance
of the models in the northern part of the Aras
river basin was better than its southern part. It
is suggested that researchers in their studies
evaluate the performance of CMIP6 models in
simulating temperature variables for the
southern part of the Aras river basin in the past
three decades based on the KGE index and the
Taylor diagram.
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