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Global warming increases the moisture capacity of the air and decreases the relative
humidity of the air. The most common method of simulating climate parameters is
to use the output data of general circulation models of the ocean-atmosphere. In this
research, the differences and assurance of the accuracy of the results of climate
models in the prediction of relative humidity were investigated using the validation
method. In this regard, the relative humidity data of Dasht Naz synoptic station in
Neka city was used on a daily basis with a statistical length of 25 years (1990-2014
AD). In the following, the relative humidity parameter data of general circulation
models (the sixth report of the Inter-State Committee on Climate Change), from the
closest cell to the Dasht Naz synoptic station in the base period (1990-2014) and the
future period (2100-2014) under two SSP2 and SSP5 scenarios were downloaded
from the Environmental Analysis Center website in netcdft file format and extracted
in ArcGIS 10.8 software. Also, downscaling of the output of the general circulation
models of the ocean-atmosphere was done with the Cumulative Distribution
Function (CDFT) method in RStudio statistical software. According to the results,
ACCESS-ESM1-5, CNRM-CM6-1, CanESM5, IPSL-CM6A-LR, GISS-E2-1-G and
MIROC6 models showed the highest correlation with observational data, but Except
for two ACCESS-ESM1-5 and CanESM5 models, the other mentioned models had
a high bias compared to the observational data. The lowest air humidity is predicted
in June, July, and August, and the highest humidity in December and February.
Regarding the relative humidity parameter, slight changes were seen in the SSP2
scenario compared to the observational data, and these changes were more in the
SSP5 scenario. And the most changes in relative humidity under SSP5 are expected
in autumn (3.7%) and the least in winter (0.5%).
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EXTENDED ABSTRACT

Introduction: Physically, it has long been considered plausible that the distribution of relative humidity will
remain roughly constant under climate change, this argument being stronger at higher latitudes where the air is
typically closer to saturation but with significant increases in lower to mid-tropospheric specific humidity levels.
On the other hand, observational data in this field are few and among the most difficult observations, and
satellite records are very heterogeneous for estimating long-term humidity trends. But currently, climate model
simulations of the general circulation of the oceanic atmosphere have the ability to feedback atmospheric
moisture. The results of general atmospheric circulation models in the whole world are usually in good
agreement with each other and on a large scale such as global, hemispheric, and regional. Global warming
increases the moisture capacity of the air and decreases the relative humidity of the air. In the lower troposphere,
water vapor in the atmosphere acts as the main source for precipitation in all climate systems, so that changes in
water vapor in the atmosphere can have a significant impact on the hydrological cycle, precipitation intensity,
flood, drought, etc. Most of the research that has been carried out in the field of climate change has usually used
temperature and precipitation as indicators to evaluate and reveal climate change in each region, and the element
of relative humidity has received less attention. While in this research, the relative humidity of the air has been
used as an index of climate change. On the other hand, analyzing the climate models of the ocean-atmosphere
and ensuring the correctness of their results, as well as the possible state of the relative humidity of the
atmosphere in the future, provides the possibility for decision-makers and policymakers to be involved in
policy-making, disaster management, and Infrastructure planning have enough information. Therefore, it is very
necessary to conduct comprehensive research in this field. Therefore, the objectives of this research are 1- to
compare the output of the relative humidity parameter of the general circulation models of the ocean-atmosphere
(the sixth report of the Intergovernmental Panel on Climate Change), 2- to analyze the error rate of the output of
the results of the atmospheric climate models compared to the observational data, and 3- The selection of the
best climate model for future relative humidity predictions pointed to the verification method in Neka city.
Methodology: Observational data of relative humidity of Dasht Naz synoptic station on a daily basis with a
statistical length of 25 years in the period of 1990-2014 were used for this research. In the following, the data of the
relative humidity parameter of the general circulation models (the sixth report of the Intergovernmental Panel on
Climate Change), from the closest cell to the Dasht Naz synoptic station in the base period (1990-2014) and the
future period (2100-2014) under two SSP2 and SSP5 scenarios were downloaded from the Environmental Analysis
Center website http://data.ceda.ac.uk/badc/cmip6IPCC in netcdft file format and extracted in ArcGIS 10.8
software. Downscaling of the output of atmospheric general circulation models was done with the Cumulative
Distribution Function (CDFT) method in RStudio statistical software. In this research, the validation method was
used to select the best model. In this regard, statistical indicators were used, including correlation, standard
deviation, and bias of observational data compared to the data of the base period of climate models.

Results and Discussion: The results of the simulated monthly relative humidity difference of the climate
models show that on a monthly scale, all the models, except the ACCESS-ESM1-5 and CanESM5 models, have
estimated the relative humidity lower than the observation period, and the model MIROC6, MPI-ESM1-2-LR,
and EC-Earth showed less accuracy than other models in predicting the amount of relative air humidity. Also,
the winter season has the highest and the summer season has the lowest relative humidity. Also, in the winter
season, most of the models' estimates are lower than the observations, except for the MIROC6, MPI-ESM1-2-
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LR, and EC-EARTH models. The average temperature of the models in the winter season -0.04 and in the
autumn season -0.85 degrees Celsius is lower than the observation period. On the other hand, it is worth
mentioning that in the lower troposphere, the water vapor in the atmosphere acts as the main source for
precipitation in all weather systems, so that changes in water vapor in the atmosphere can have a significant
effect. Pay attention to the hydrological cycle, precipitation intensity, floods, droughts, etc., therefore, errors in
the prediction of relative humidity in the two seasons of spring and summer can be effective in predicting the
amount of precipitation in the region. In order to determine the most suitable model for simulating the relative
humidity of the historical period, correlation index, coefficient of variation, standard deviation and bias have
been used. According to the results, ACCESS-ESM1-5, CNRM-CM6-1, CanESM5, IPSL-CM6A-LR, GISS-E2-
1-G, MPI-ESM1-2-LR, and MIROC6 models have the highest data correlation. They showed observed and
simulated data, but except for the ACCESS-ESM1-5 and CanESM5 models, the other mentioned models had a
high bias compared to the observational data. In terms of standard deviation values, the models showed similar
values, except for two models, CNRM-CM6-1 and MIROC6, which had higher values. Therefore, two
ACCESS-ESM1-5 and CanESM5_ESM models are proposed among the climate models for predicting relative
humidity in the future in the Neka region. In the future period, relative humidity under the SSP2 scenario
showed minor changes compared to the observation data of the base period. These changes were more in the
SSP5 scenario. ACCESS-ESM1-5 model compared to the CanESM5 model has simulated more relative
humidity increase. The future relative humidity changes in different seasons showed that the maximum increase
in relative humidity under SSP5 is expected in autumn (3.7 %) and the least in winter (0.5 %). On the other
hand, the decrease of relative humidity in the spring season is predicted by 1.3%.

Conclusion: Neka city ranks second in wheat production as well as the source of drinking and agricultural water
supply in Mazandaran province, and it is important to have a plan for managing water and agricultural resources
under the conditions of climate change in the basin. Therefore, the results of this research in order to predict the
humidity conditions of the air in future periods provide the possibility for decision-makers and policymakers to
make appropriate management decisions in various fields by knowing the future situation.
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Table 1- Climate models examined in this research

PRI Z%
2958 [ duanrgo Jue I
(42,)
Au_strallan Resea}rch Council Centre of Excellence for Climate System ACCESS-ESM5 1.87x1.25
Science, Australia
Canadian Centre for Climate Modelling and Analysis, Victoria, Canada CanESM5 2.79x2.81
Geophysical Fluid Dynamics Laboratory, NJ, USA GFDL-ESM4 1.0£1.25
Japan Agency for Marine-Earth Science and Technology (JAMSTEC), 1.4:1.4
MIROC6
Kanagawa, Japan
Max Planck Institute for Meteorology (MP1-M), Germany MPI-ESM1-2-LR 1.87+1.86
Centre National de Recherches Meteorologiques, France CNRM-CM6-1 14:1.4
Institut Pierre-Simon Laplace (France) IPSL-CM6A-LR 1:1
NASA/Goddard Institute for Space Studies (USA) GISS-E2-1-G 2.542
EC-Earth Consortium, Europe EC-Earth 0.35:0.5
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Figure 1- Monthly average difference of climate models with observational data (%)
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Figure 2- Seasonal relative humidity values of climate models of the sixth report
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Figure 3- The percentage difference in seasonal temperature of the base period of the climate models compared to the
temperature of the observation period
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Figure 5- Annual relative humidity values of climate models of the sixth report (%)
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Figure 7- The trend of relative humidity of climate models and humidity models (MME) under the SSP5 scenario
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Figure 8- The trend of relative humidity of climate models and humidity models (MME) under the SSP2 scenario
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