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Abstract

Climate is a complex system that is affected by changes in climatic parameters. By predicting and
examining the range of changes in meteorological parameters in the future, it is possible to adopt
appropriate solutions to reduce the harmful effects of climate change. Using atmospheric general
circulation models is the most reliable method. In this study, precipitation, maximum and minimum
temperatures of five synoptic stations of Birjand, Qaen, Nehbandan, Ferdows and Tabas, for the base
period of 1988 to 2005 as well as the outputs of six climate models of CanESM2, GFDL-CM3,
CSIRO-MK3, MPI-ESM - LR, MIROC-ESM and GISS-ES-R, were collected under RCP8.5 and
RCP4.5 emission scenarios for a 16-year period (2020-2035) and downscaled using the LARS-
WG5.0 model. Then, using the RMSE and MAE statistical indices, the quality of the down-scale
representation was evaluated. Afterwards, by calculating the climate classification indices of De
Martonne and Amberger, the province was classified with the help of GIS software. De Martonne
classification indicates that the climate of the province will not change in the near future compared
to the base period while based on the classification of Amberger and under all six models and both
scenarios, Birjand, Qaen and Ferdows cities are predicted to have temperate climate and Tabas city
is expected have a hot and mild desert climate. For Nehbandan city, the GFDL-CM3, CSIRO-MK3
and GISS-ES-R models of the fifth report under the RCP4.5 scenario predicted a moderate climate
and the rest of the large-scale models predicted a moderate desert climate.
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1. Introduction

Climate change affects all climate-related
ecosystems. These effects are divided into two
general groups: biophysical and socio-
economic. Biophysical effects include sea
level rise, changes in ocean water salinity, sea
temperature rise, changes in the quality of
water and soil resources, increase in weeds and
plant pests, and socio-economic effects include
a decrease in agricultural production,
fluctuations in world market prices, changes in
industry and the economy, an increase in the
risk of human hunger, food security
intensification and finally migration (FAO,
2007; Delghandi, 2011).

One of the manifestations of climate change
is the increase in temperature and the
occurrence of temporal and spatial changes in
rainfall. The mutual effects of these two
phenomena will result in drought and flood.
Drought, as one of the subtle natural disasters,
is a situation of lack of rainfall and an increase
in temperature that may occur in any climate.
Drought is often described as a creeping,
continuous phenomenon of the climate, which
is associated with many financial and human
losses. In addition to the socio-economic
effects of climate change, drought has direct
and indirect effects on the transformation of
the natural environment.
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Therefore, monitoring and investigating
this phenomenon regarding climate change in
the future will be the first step in recognizing
and reducing the amount of its harmful
damage. The more accurate this monitoring is,
the more possible it will be to manage the
dimensions of crises caused by and to
compensate  for their damages. The
atmospheric  General Circulation Models
(GCM) is one of the most important tools
available to evaluate the effects of climate
change on a local and regional scale. These
models predict the changes resulting from the
effects of greenhouse gases on meteorological
parameters.

In each geographical area, one or more
climatic elements play a more significant role
in shaping the climate of that place. Climatic
zoning leads to the identification of zones that
have similar climate. Climatic zoning is
divided into two traditional and modern
methods. Traditional classification methods
are very diverse; however, common features
can be found in all of them. The knowledge of
different climates has attracted the attention of
many scientists for a long time and has led to
the invention of various climate classification
methods such as Koppen, De Martonne,
Ivanov, Amberger, Selianinov, Hans, etc.,
while the methods of Amberger and De
Martonne have been used in this research.

Among the researches related to statistical
downscaling methods one can refer to the
study of Zarnistank et al. (2014) who reported
a significant increase in temperature during
spring and summer in Chaharmahal-Bakhtiari
province in southwestern of Iran. The
modeling results of their study showed that the
temperature may increase between 1.69 and
6.88 °C by the year 2100. Also, the summer
season may have a higher temperature increase
than other seasons.

Through another research, Soltani and
Hogenboom (2003) tested the climatic
condition of Iran under the outputs of two
AOGCM models, HadCM2 and ECHAM 4
and three emission scenarios from the 1S92
emission scenarios by the MAGICC model.
The results showed an increase of 1 to 1.5 °C
in temperature and changes of -11 to +19
percent in rainfall under the low emission
scenario. These studies showed that if the
amount of gas emissions remains constant in

their current rate, it can cause an increase of
1.4-5 °C in temperature and changes of -30.9
to 50% in rainfall.

In another research, Rahimi et al. (2020)
examined the future climate of Iran using data
of 149 stations and output of 17 CMIP5
models. The results indicated that annual mean
temperature is expected to increase
significantly by 1.9 and 3.3 °C for the periods
of 2041-2070 and 2071-2100, respectively.
Also, computing climate types of Koppen—
Geiger climate classification using averages
from three climatic periods, indicated that the
area of arid-desert and arid-steppe climate
classes (BW and BS) and the area of moderate
and snow climate classes (Ds and Cs) are
expected to increase and  decrease,
respectively.

Bandari Khalafabadi et al. (2012)
investigated these parameters in Khuzestan
region with the aim of determining the number
of changes in temperature and precipitation
elements based on GCM model outputs. The
large-scale model used by ECHO-G and the
small-scale model by LARS-WG method were
conducted under Al scenario for three
parameters of  precipitation, minimum
temperature and maximum temperature in
eight synoptic stations of Khuzestan province.
In this research, by examining the output of the
model, it was determined that the study area
has different reactions to climate change.

The results of the research showed that the
maximum temperature decrease at Bostan
station will be -1.8 °C and the maximum
rainfall increase in Ramhormoz station will be
1.03 mm in the statistical period of 2010-20209.
Also, in total, the eight studied stations will be
associated with an increase in minimum
temperature and a decrease in annual
precipitation.

Allahvirdipour et al. (2023) evaluated the
effects of climate change on climate
classification in Iran. In this research, the data
of 120 synoptic stations were used in the
statistical period of 1993-2022. In order to
investigate the effects of climate change in
future periods, the output of the CanESM?2
model from the CMIP5 model series was used
under two RCP2.6 and RCP8.5 scenarios. The
study of the climatic classification of Iran in
the coming periods showed that most of the
area of Iran will remain in dry and semi-arid
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climate and the change in the climate class will
not happen.

Hamed et.al (2023) studied the possible
shift in climate zones in Southeast Asia (SEA)
for different SSPs. The ability of 19 CMIP6
global climate models (GCMs) in
reconstructing the Koppen-Geiger climate
zones in SEA was analyzed using five
categorical evaluation metrics. The best-
performing models were selected to prepare an
ensemble to project possible shifts in climate
zones for different SSP scenarios in the future.
Selected GCMs showed climate shifting in 3.4
to 12.6% of the total area of SEA for different
SSPs. The highest geographical shift in climate
was projected in the north, from dry winter and
hot summer (Cwa) to tropical with dry winter
(Aw), followed by Aw to tropical monsoon
(Am) in the north and south, and tropical
without dry season (Af) to Am in the middle
and southwest of SEA.

Peel et al. (2006) classified the world's
climate based on the Koppen-Keiger
classification, and finally the world's climate
was divided into five climate zones with the
new Koppen-Keiger classification, and in this
method, separate borders were considered for
the climates. But again, multivariate methods
provide better results. In Iran, studies have
been conducted in the field of climate
classification.

In research of modern statistical methods
and GIS, the climatic zoning of Sistan and
Baluchistan province was done with different
statistical software and the climate of the
province was divided into five regions by the
clustering method, and the clustering method
was declared to be the best method in this
research (Salighi et al., 2017).

Climatic zoning of central province was
also done using factor and cluster analysis and
seven different climatic zones were identified
using factor analysis and finally by cluster
analysis. The results of the research showed
seven different climate zones, including the
temperate and humid dusty, hot and semi-arid,
semi-cold and semi-humid dusty, temperate
and semi-arid dusty, temperate dry mime, cold
and semi-arid dusty, and semi-cold and dry
dusty areas. Khosravi and Armesh, (2011).

Taghvi et al. (2010) presented climate
zoning for 65 synoptic stations of the country
using spectral analysis and clustering. The

climatic indicators used included 24-hour daily
maximum precipitation, daily maximum and
minimum temperature, as well as the time
series of climatic data related to the period of
1986 to 2005. Based on their results, Torbat-
Heydarieh station was placed in one climatic
zone and Sabzevar, Sarakhs and Mashhad
stations were placed in another climatic
station.

Mohammad Lo and Tahmasbipour (2016)
also evaluated the effects of climate change on
climate classifications in two stations of Urmia
and Khoy in the base period (1979-2009). The
climatic classifications of De Martonne and
Selianinov were used in this research. The
results showed that under the influence of
climate change at Urmia station, De Martonne
aridity coefficient will have an increasing trend
and the climate type will move from semi-arid
type in the base period to Mediterranean
climate in the future period.

According to the climate classification of
Selianinov, the climate of the region will shift
from dry steppe to humid steppe. At Khoy
station, according to the climate classification
of De Martonne, under the influence of climate
change, the climate coefficient of De Martonne
decreases and the area becomes drier.

Abbasi et al. (2010) predicted climate
changes in South Khorasan province between
2010 and 2039 using the statistical downscale
output of the ECHO-G model. The data of
ECHO-G general circulation model to evaluate
the climate change and drought and frost in
South Khorasan province was downscaled
with LARS-WG model and the general results
of the survey in the given period indicated a
4% increase in precipitation, a decrease in the
number of frost days and an increase in the
annual average which was around 0.3°C and
the highest daily increase in temperature was
predicted to be 1°C in winter season.

Based on the comprehensive literature
review performed, the effects of global
warming on the climate of the entire South
Khorasan province have not been studied yet
and in some cases, only specific stations have
been chosen. Therefore, in this research, by
using observational data at 5 meteorological
stations in the South Khorasan province and
the output of six ocean-atmosphere general
circulation models with three emission
scenarios, the climatic condition of the given
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province is investigated for the near future. the sea and its proximity to the salt desert, Lut,
Moreover, the climate classification was done and extra-regional winds such as the 120-day
using De Martonne and Amberger indices. wind of Sistan have exacerbated the dryness of
the air in this region. The area of this province
2. Materials and Methods is 150,800 square kilometers, which includes
2.1. Study area four watersheds of Lut desert, Markazi desert,
South Khorasan province is located in the Khaf and Hamoon. Despite such a large area,
eastern part of Iran, between 57° 46' to 57°60' only five synoptic stations (Ferdows, Qaen,
East longitude and 34°14' to 35°30" North Birjand, Nehbandan and Tabas (Figure 1)) are
latitude, centered on the city of Birjand. This located in the province which have relatively
province is located in the dry and semi-arid long-term statistics for climate studies being
climate belt of the planet and its distance from used in this research.

Table 1. Characteristics of the studied synoptic stations

Station Longitude (East)  Latitude (North)  Height above mean sea level (m)
Birjand 59° 12" 320527 1491
Tabas 55°56° 36 ° 33 711
Qaen 59°10° 339437 1432
Nehbandan 60° 02’ 31°54”7 1188
Ferdows 58°11° 34°02° 1293
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Fig. 1. The locations of South Khorasan Province in Iran and synoptic stations in the province

The data used in this research include two maximum temperature and precipitation which
groups, observational data and data extracted are collected from five synoptic stations of
from six GCM models related to the fifth Birjand, Qaen, Tabas, Ferdows and
climate change report. The daily observational Nehbandan within 1988-2017.

data are related to minimum temperature,

Table 2. Statistical characteristics of rainfall (mm) in the investigated stations

Daily rainfall (mm) Maximum temperature(C°) Minimum temperature(C®)
Station Standard Standard Standard
Mean - Mean . Mean L
deviation deviation deviation
Birjand 0.46 0.15 24.6 9.52 8.40 8.56
Tabas 0.48 0.28 223 9.3 6.33 8.10
Qaen 0.22 0.39 28.95 10.67 14.20 9.65
Nehbandan 0.40 0.4 26.9 9.30 12.80 9.30
Ferdows 0.37 0.93 2451 102 1055 8.80
After the qualitative review of the the following source: https://gdo-
observational data of the given stations, the dcp.uclinl.org/downscaled_cmip_ projections/
output of six large-scale climate models, which dcplinterface.html#Projections:%20Complete

are shown in Table (3), were downloaded from %Z20Archives
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For the time period of 2020-2035,
precipitation data, maximum temperature and
minimum temperature, under two scenarios of
the fifth report i.e., RCP4.5 and RCP8.5, were
extracted from GCMs models listed in Table 3.
One of the major problems in using the outputs

of atmospheric general circulation models
(GCMs) is the large scale of their
computational cells in terms of space
compared to the studied area (Kilsby and Jones
2007).

Table 3. Large-scale models of the fifth report used in this research

row Model Manufacturer Related institution
1 CanESM2 Canada Center for Climatic Survey and Modeling
2 GFDL-CM3 America Geophysical Fluid Dynamics Laboratory
3 CSIRO-MK3 Australia Atmospheric Research CSIRO
4 MPI-ESM-LR Germany Max Planck Institute for Meteorology
Pacific Research Institute, National Institute for Environmental
5 MIROC-ESM Japan Studies, Japan Marine Science and Industry Agency and Japan
Technology
6 GISS-ES-R America NASA Space Studies Institute

To overcome the lack of spatial resolution
of general circulation models, there are two
solutions: statistical downscaling
representation using statistical models and the
use of regional dynamic models (Babaian et
al., 2010). In this research, the LARS-WG5.0
software was wused as the statistical
downscaling method.

2.2. LARS-WG5.0 model

This model was designed and developed by
Mikhail Semenov at Long Ashton Research
Station. LARS-WG is a random weather
generator that is used to simulate the weather
of a site in both current and future weather
conditions. This multivariate regression model
uses statistical techniques to generate weather
data. Also, due to the repetition of calculations,
it requires fewer input data and is simpler to
use than other models (Semenov et al., 1997).
This model could simulate the past and future
periods, but for any modeling, a special
climate scenario is required. This model can be
used to model missing data and statistical gaps.

2.3. Evaluation criteria

In this research, in order to evaluate the
results of the statistical downscale method and
for the climatic parameters of maximum and
minimum temperatures and precipitation, the
statistical measures of root mean square error,
mean absolute error, and determination
coefficient were used:

RMSE = \/Z?“(xi — *m)® (1)

n

2?=1|xi - xml
MAE === — @

R2 = Z?:l(xm _x__m)2 (3)
Z?:l(xi - xm)z

where, xi: downscaled values, Xm:
observational values (observed) and n: total
number of observations. The value of RMSE is
always positive and the closer it is to zero, the
more accurate the model is in simulating the
investigated variable. The MAE index
expresses the accuracy of the model. As its
value increases, the accuracy of the model
decreases and vice versa. The R?value varies
from zero to one and as it approaches one, it
shows the data are better fitted.

In this research, two greenhouse gas
emission scenarios of RCP4.5 and RCP8.5,
belonging to CMIP5, which show average and
pessimistic scenarios, respectively, were used.
In the RCP4.5 scenario presented by the
MiniCAM modeling group; the amount of
radiate forcing caused by the concentration of
greenhouse gases will remain constant at 4.5
watts per square meter until the end of the year
2100.

On the other hand, in the RCP8.5 scenario,
which is a pessimistic scenario, no policy will
be implemented to reduce the concentration of
greenhouse gases until the year 2100 and
therefore the amount of radiate forcing will be
8.5 watts per square meter until the end of this
year.

In this research, the two methods of De
Martonne and Amberger were used to classify
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the province climate while the details of which
are presented in the following sections.

2.4. De Martonne climate classification

In this method, annual temperature and
precipitation are the bases for calculating the
humidity index and by using this method and
based on the different values obtained for the
index (1), climates are distinguished from each
other. The coefficient of dryness (I) is obtained
from the following equation:

I= (4)
T+ 10
where, p is the average annual rainfall in
millimeters and T is the average annual
temperature in degrees Celsius. Table 4 shows
the range of dryness coefficient for each of the
six classes.

Table 4. Range of | value for each of the six
climate classes

Name of the Range of De Martonne
climate aridity factor (1)
Dry 1<10
Semi-arid 10<I<19
Mediterranean 20<I1<23.9
Semi-humid 24<1<27.9
Wet 28<1<34.9
Very humid 1>35

2.5. Amberger classification

In the Ambergris classification method, the
determining factors of the climate in each
region are the average maximum temperature
in the hottest month of the year (M), the
average minimum temperature in the coldest
month of the year (m) and the average annual

rainfall (P), which based on this method,
thirteen different climates can be defined. In
this method, a diagram is used for climate
classification where the horizontal axis is the
value of m in degree centigrade and the vertical
axis is the value of Q> whose value is
determined from the following formula:
2000P (5)

2
m2 — M?2

3. Results and Discussion

In order to determine the climatic condition
of the cities of the province in the base period,
the data obtained from five aforementioned
synoptic stations were used. The results of
climate determination according to De
Martonne and Amberger indices are shown in
Table 5.

According to the calculations made for the
base period data in the De Martonne
classification, five synoptic stations of the
province are located in the dry climate and
based on the classification of Amberger,
Birjand, Qaen, Nehbandan and Ferdows were
located in the cold dry climate and Tabas in the
hot mild desert climate. In order to determine
the climate of the province in the near future,
first the data of precipitation, maximum
temperature and minimum temperature under
the two scenarios RCP8.5 and RCP4.5 were
obtained from the outputs of the six large-scale
models that were introduced earlier (Table 3),
then with the assistance of the LARS-model
WG, the data were downscaled.

Table 5. Determining the climate of the base period based on De Martonne and Amberger indices

Name of The City  Index of De Martonne (I)  Type of Climate  Index of Amberger (Q2) Type of Climate
Birjand 6.38 dry 15.25 dry cold
Qaen 7.59 dry 17.33 dry cold
Nehbandan 4.70 dry 17.72 dry cold
Ferdows 5.44 dry 13.41 dry cold

Tabas 2.67 dry 7.47 mild hot desert

3.1. Evaluation results of the
representative downscaling model

The evaluation results of the LARS-WG
model for precipitation parameters, maximum
temperature and minimum temperature in the
discussed synoptic stations are described
below. R?, RMSE and MAE indices were used
for evaluation.

Using the
performance of

weighting  method, the
these six models was

determined based on the simultaneous
consideration of each of the three evaluation
indices and the weight of each was determined.
Therefore, the model with the highest weight
will have the highest rank in the final
evaluation and the model with the lowest
weight will have the lowest rank. The index
values and ranks of the GCMs are provided in
Table 6 through Table 11 for different
variables and stations.
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As shown in table 6 and 7, in the
downscaling of monthly precipitation
variables, the first performance rank at five
stations was related to the CSIRO-MKS,
MIROC-ESM, and CanESM2 models. The

best performance in downscaling of maximum
temperature at five stations was related to
CSIRO-MK3 and MIROC-ESM models
(Table 8 and Table 9).

Table 6. Statistical evaluation of LARS-WG model for precipitation data. (The RMSE and MAE are in mm)

MODEL Birjand Qaen Nehbandan
RMSE MAE R? Rank RMSE MAE R? Rank RMSE MAE R? Rank
CanESM2 0.63 0.37 0.33 3 0.7 0.41 0.34 2 0.72 0.36 0.28 1
GFDL-CM3 0.72 0.41 0.20 5 0.86 0.49 0.14 6 0.9 0.44 0.07 5
CSIRO-MK3 0.59 0.33 0.40 1 0.71 0.4 0.32 3 0.8 0.4 0.17 2
MPI-ESM-LR 0.7 0.42 0.23 4 0.79 0.47 0.21 4 0.84 0.41 0.13 4
MIROC-ESM 0.6 034 0.38 2 0.7 039 0.32 1 0.82 0.4 0.15 3
GISS-ES-R 0.76 045 0.5 6 0.81 0.47 0.18 5 0.91 0.44  0.07 6

Table 7. Statistical evaluation of LARS-WG model for precipitation data. (The RMSE and MAE are in mm)

Model Ferdows Tabas
RMSE MAE R? Rank RMSE MAE R? Rank
CanESM2 0.68 0.4 0.17 2 0.42 0.23 0.18 3
GFDL-CM3 0.72 0.41 0.12 4 0.44 0.23 0.14 5
CSIRO-MK3 0.65 0.36 0.23 1 0.37 0.2 0.30 1
MPI-ESM-LR 0.73 0.42 0.11 5 0.45 0.23 0.12 6
MIROC-ESM 0.65 0.35 0.22 1 0.4 0.22 0.24 2
GISS-ES-R 0.69 0.4 0.17 3 0.43 0.23 0.17 4

Table 8. Statistical evaluation of LARS-WG model for maximum temperature data. (The RMSE and MAE

are in °C)
Model Birjand Qaen Nehbandan
RMSE MAE R? Rank RMSE MAE R? Rank RMSE MAE R? Rank
CanESM2 2.58 1.99 0.92 4 2.54 1.95 0.91 4 2.47 1.92 0.93 4
GFDL-CM3 2.47 191  0.92 3 2.54 1.94 0.91 3 2.43 1.87 0.93 3
CSIRO-MK3 2.32 1.78 0.93 1 2.42 1.83 0.92 1 234 1.79 0.94 2
MPI-ESM-LR 2.63 196 091 5 2.7 2.0 0.90 6 2.67 2.0 0.92 6
MIROC-ESM 2.422 186 0.93 2 251 1.89 0.92 2 2.32 1.79 0.94 1
GISS-ES-R 2.63 2.1 0.91 6 2.62 2.9 0.91 5 2.52 2.02 0.93 5

Table 9. Statistical evaluation of LARS-WG model for maximum temperature data. (The RMSE and MAE

are in °C)
Model Ferdows Tabas
RMSE MAE R? Rank RMSE MAE R? Rank
CanESM2 2.57 1.95 0.93 4 2.62 1.97 0.94 4
GFDL-CM3 2.54 1.93 0.93 3 2.54 1.94 0.94 2
CSIRO-MK3 2.45 1.87 0.94 1 2.48 1.91 0.94 1
MPI-ESM-LR 2.71 2.4 0.92 6 2.67 2.4 0.93 6
MIROC-ESM 2.49 1.91 0.93 2 2.54 1.99 0.94 3
GISS-ES-R 2.62 2.14 0.93 5 2.7 2.16 0.94 5

Table 10. Statistical evaluation of LARS-WG model for minimum temperature data. (The RMSE and MAE

are in °C)
Model Birjand Qaen Nehbandan
RMSE MAE R? Rank RMSE MAE R? Rank RMSE MAE R? Rank
CanESM2 2.02 1.62 0.93 1 2.37 1.87 0.91 5 1.94 1.57 0.95 1
GFDL-CM3 2.05 1.7 0.93 2 2.34 181 0.91 1 2.02 161 0.95 2
CSIRO-MK3 2.07 1.65 0.93 3 2.36 181 0.91 2 2.14 1.67 0.94 4
MPI-ESM-LR 211 1.7 0.93 4 2.42 1.87 0.90 4 2.16 1.74 0.94 4
MIROC-ESM 2.05 1.72 0.94 3 2.37 1.83 0.91 4 2.03 1.63 0.95 3
GISS-ES-R 2.06 1.7 0.93 3 2.35 1.85 0.91 3 2.14 1.69 0.94 5
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Table 11. Statistical evaluation of LARS-WG model for minimum temperature data. (The RMSE and MAE
are in °C)

Model Ferdows Tabas
RMSE MAE R? Rank RMSE MAE R? Rank
CanESM2 1.92 1.54 0.94 3 2.01 1.58 0.95 1
GFDL-CM3 1.86 1.52 0.95 1 2.10 1.66 0.95 3
CSIRO-MK3 2.01 1.59 0.94 6 2.09 1.63 0.95 2
MPI-ESM-LR 1.96 1.54 0.94 4 2.11 1.65 0.95 4
MIROC-ESM 2.0 1.56 0.94 5 2.14 1.68 0.95 5
GISS-ES-R 1.91 1.54 0.94 2 2.14 1.72 0.95 6

The results of ranking of six GCM models
in downscaling of minimum temperature at
five stations of South Khorasan Province
showed that CanESM2, GFDL-CM3 are
ranked first (Table 10 and Table 11). Also, the
downscaling results of three climatic
parameters using the LARS-WG method
showed that models GISS-ES-R and MPI-
ESM-LR were not ranked in priority at any of
the five stations of the province.

Based on the downscaling results of the data
for all the stations studied, the CanESM2 and
GFDL-CM3 models showed the highest
average amount of rainfall and maximum
temperature, respectively (Figure 2 to Figure
4). The CSIRO-MK3 model also brought
about the lowest average temperature of the
committee. Also, all the large-scale models
showed an increase in precipitation and
temperature for the province which is

consistent with the study of Abbasi et al.
(2009). As shown in Figure 2 through Figure
4, the CanESM2 and MPI-ESM-LR models
predicted an increase in precipitation,
minimum  temperature and  maximum
temperature for RCP8.5 in comparison to
RCPA4.5 scenario.

3.2. Estimation of climatic indicators in
the near future period

The results of the simulation of changes in
the climate indices of De Martonne and
Amberger, affected by the climate change
phenomenon, are brought in figure 5. It is
worth mentioning that the given figure is for
the near future horizon, including cities of
Birjand, Qaen, Nehbandan, Ferdows and
Tabas, under the two scenarios RCP4.5 and
RCP8.5 being compared the base period.
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Fig. 2. Downscaling results of Birjand and Qaen city data
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Fig. 5. Values of De Martonne and Amberger indices in the near future compared to the base period

As can be seen in Figure 5, in Birjand city,
the CanESM2 model has estimated a higher De
Martonne and Amberger indices value
compared to other models and on the other
hand, the GFDL-CM3 model provided the
lowest estimate. Also, GFDL-CM3 and

MIROC-ESM models showed that the values
of the indices for the near future, in comparison
to the value of the base period, were lower
while other large-scale models showed higher
values. In Qaen city, like Birjand station, the
CanESM2 model estimated a higher De
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Martonne and Amberger values compared to
other models and the MIROC-ESM model led
to the lowest estimate. Moreover, the MIROC-
ESM model showed that the value of the index
for the near future period is lower than that of
the Dbase period. In Nehbandan city, the
CSIRO-MK3 model, compared to other
models, estimated a higher value of the De
Martonne and Amberger indices while the
MIROC-ESM model brought about the lowest
estimate. Furthermore, the MPI-ESM-LR and
MIROC-ESM models also showed that the
value of the index for the near future period is
lower than that of the base period while other
large-scale models indicated higher values. In
the cities of Ferdows and Tabas, CanESM2
model approximated higher De Martonne and
Amberger index values, in comparison to other
models and the GFDL-CM3 model also
provided the lowest estimate. Finally, the
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CSIRO-MK3 and MIROC-ESM models
specified that the value of the index for the near
future period is lower than that of the base
period.

The percentage of changes in climatic
indicators used in this research in the near
future period compared to the base period is
shown in the figure below. As seen in Figure
6, the CanESM2 and GFDL-CM3 models
showed the highest and the least percentage of
changes in most of the weather stations, based
on the two studied scenarios, compared to the
base, respectively. This percentage of changes
in the models is estimated between -30% and
58% in different scenarios compared to the
base period. Despite this range of changes in
this statistical parameter, the climatic
classification of South Khorasan Province has
become closer to the borders of becoming a
newer climatic classification.
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Fig. 6. The percentage of changes in the De Martonne and Amberger indexes in the near future
compared to the base period

4. Conclusion

The purpose of this research is to
investigate the climatic condition of South
Khorasan Province in the near future using the
output of six climate models and two
greenhouse gas emission scenarios. To this
end, the data of precipitation, maximum and
minimum temperatures of five synoptic
stations including Birjand, Qaen, Nahbandan,
Ferdows and Tabas and also De Martonne and
Amberger climatic classification indices were
used. The obtained results showed that for all
six models considered, under the two above-
mentioned released scenarios, all the five
studied cities will be located in dry climate
according to De Martonne classification,
which indicates that the climate of the province
will not change in the near future compared to
the base period. Also, the results showed that
the De Martonne index value is closer to the
border of the semi-arid layer (the values of De
Martonne index will increase in the near
future). These results are in consistent with the
results of research conducted by Mohammadlu
and Tahmasbipour (2016).

In the classification of Amberger, Birjand,
Qaen and Ferdows are in moderate climate for
all six models and under both scenarios while
Tabas city is located in a mild hot desert
climate. For Nahbandan city, GFDL-CM3,
CSIRO-MK3, and GISS-ES-R models under

RCP4.5 scenario indicated a temperate climate
and the rest of GCM’s models showed
temperate desert climate.

The output results of the CanESM2 model
indicated more positive values of the De
Martonne index and coefficient of variation.
Also, this model showed more rainfall in the
near future compared to the base period and
other GCMs. This result is in consistent with
the results of research performed by
Allahverdipour et al. (2023) in which they
predict an increase in precipitation value in
near future. In comparison to other models, the
GFDL-CM3 model predicted the highest
maximum temperature and the lowest
minimum temperature with regard to the
CSIRO-MK3 model.
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