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Fig. 1. The location of the studied meteorological stations
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Fig. 3. Prediction of the spatial distribution of precipitation under different scenarios and time periods
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Abstract

The increase in the temperature of the earth causes the climate changes and transform on a wide scale
variations in the time and place of precipitation. In this research, the precipitation data of seven
meteorological stations of Barzool, Faresban, Firoozan, Giyan, Gooshesadevaghas, Synoptic and
Varayaneh, in Nahavand Plain, Hamadan Province which is in the west of Iran. The data obtained from
the relevant organization for period of 1994-2020 and finally prepared on a daily basis. By using the
LARS-WG6.0 climate change model, precipitation data was predicted under two scenarios RCP4.5 and
RCP8.5 during four time periods: 2021-2040, 2041-2060, 2061-2080, and 2081-2100. The results of the
spatial distribution were obtained as the annual average of the investigated period by Arc GIS 10.3
software. The calibration results of the LARS-WG6.0 model for predicting precipitation in the region
showed a high correlation coefficient of 0.94 and nRMSE error of less than 10%. Which proves the high
accuracy of this model in predicting precipitation in the region. The results of the spatial distribution of
precipitation under two scenarios and 4 time periods using Arc GIS10.3 software show that the RCP4.5
scenarios has predicted less precipitation for the period 2041-2060 than the RCP8.5 scenarios. In the
other three investigated periods, the amount of precipitation under the RCP4.5 scenarios is higher than
the RCP8.5 scenarios. Under the two scenarios and four time periods, among the seven selected stations,
Barzool station has the highest percentage of increase in precipitation compared to the base period.
Under the RCP8.5 scenarios, in the period of 2061-2080, the average precipitation of the period will
decrease (3.13%), the highest percentage of decrease belongs to Gooshe-sade-vaghas station with the
amount of 7.99%.

Keywords: Nahavand, Precipitation, Climate change, Arc GIS

Introduction

The phenomenon of global warming with its
effects on various meteorological and
hydrological parameters causes the
hydrological balance to be disrupted and
directly affects water resources. The
phenomenon of climate change and the
increase in global temperature causes the
pattern of precipitations, as a result, reduces the
flow of rivers due to snow melting in spring
and summer and increases the runoff in autumn
and winter. This issue creates a big challenge
in planning and managing water resources. If
we don't pay attention to the increase of
successive droughts and also to the growth of
water demand and its shortage, climate change
in the Middle East region can cause a big
challenge, and this challenge will take on large
dimensions. LARS-WG is a stochastic climate

generator used to model climate data at a single
location. Using the statistical distribution
parameters of historical observed time series
data, it can produce daily synthetic time series
of climate data for past and future periods.
GCMs are characterized by large spatial
resolution, and therefore, their output cannot be
used directly to evaluate the impact at the local
scale. LARS-WG is suitable for downscaling
climate model predictions with coarse
resolution for different climate change
scenarios at daily time steps and local spatial
scale. Under current and future -climate
conditions, the model uses semi-empirical
distribution functions (SED) and cumulative
probability distribution (PDF) to estimate
probability distributions of wet and dry series
(WDseries).
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Materials and Methods

Nahavand plain with a catchment area of 1902
Km? is one of the plains of the upper basin of
the Karkhe River. The daily data of seven
meteorological stations: Barzool, Faresban,
Firoozan, Giyan, Gooshe sadevaghas, Synoptic
and Varayaneh during the years 1994-2010
were used in this study. Considering the daily
data of seven meteorological stations in
Nahavand region during the years 1994 to 2010
as the base period, the meteorological
parameters were scaled. For this purpose, from
the output of GCM, MRI-CGCM3 climate
model under two scenarios RCP4.5 and
RCP8.5 which are acceptable for the region.
during the periods of 2040-2021, 2060-2041,
2061-2080 and 2100-2081 were used in
LARS-WG6.0 data generation model. LARS-
WG6.0 under current and future climate
conditions from semi-empirical distribution
functions (SED) and cumulative probability
distribution (PDF) in 23 time intervals to
estimate probability distributions of wet and
dry series (WDseries), daily precipitation,
temperature and radiation uses solar energy.

Results

The LARS-WG6.0 model has high accuracy in
predicting the precipitation of Nahavand
region based on the evaluated indicators. The
value of the correlation coefficient is around
0.9 (0.94-0.99) and the accuracy of the model
using the nRMSE index shows that the model
error in six investigated stations is less than 10
percent (9.4-6 percent) and Only for Firoozan
station, the accuracy is about 15%. The results
show that accurate precipitation modeling has
been done in the region. The spatial
distribution of precipitation in the Nahavand
plain in the coming years shows that the least
amount of precipitation is in the northeastern

part of the Nahavand plain and the most in the
south and southeast. This trend is similar to the
data trend in the base period (1994-2010),
which will be maintained in the coming years.
The noteworthy point in the two scenarios is
that the distribution of precipitation under the
five classes shown in the article in the first two
periods of 2040-2021, 2041-2060 is more in
the southern half, and in the northern part of the
region, the precipitation is the least extensive.
But in the periods of 2080-2061 and 2081-
2100, the range of the lowest amount of
precipitation increases and the maximum
amount of precipitation, which is in the
southern part of Nahavand region, decreases
compared to the previous two periods.

Discussion and Conclusion

The sensitivity of water resources to climate
change and the impact of these climate changes
on temperature and precipitation have led
researchers to  predict  meteorological
parameters. In this research, using the daily
precipitation data available in seven
meteorological stations of Nahavand region
during the years 1994 to 2010 and using the
LARS-WG6.0 model, the future precipitation
was predicted under two scenarios and four
time periods. The calibration results of LARS-
WG6.0 model were analyzed with two
statistical indices r and nRMSE, which shows
the high accuracy of the model in prediction of
the precipitation of Nahavand region in the
west of Iran. Then, using ArcGIS10.3 software,
the spatial distribution of precipitation in the
study area was investigated. The results
indicated that the amount of precipitation will
increase in three time periods and two
scenarios in the coming periods. The least
amount of precipitationis in the northeastern
part of the Nahavand plain and the most in the
south and southeast



