Open Journal of Air Pollution, 2015, 4, 76-85 .0’0 Scientific
Published Online June 2015 in SciRes. http://www.scirp.org/journal/ojap ’Q:Q. Eﬁf)ﬁ:ﬁz

. . S 9
http://dx.doi.org/10.4236/0jap.2015.42008

Validation of AOGCMs Capabilities for
Simulation Length of Dry Spells under the
Climate Change in Southwestern Area of Iran

Sayed Keramat Hashemi-Ana, Mahmood Khosravi, Taghi Tavousi

Department of Physical Geography and Climatology, University of Sistan and Baluchestan, Zahedan, Iran
Email: S.climate@yahoo.com

Received 28 February 2015; accepted 1 June 2015; published 5 June 2015

Copyright © 2015 by authors and Scientific Research Publishing Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

Open Access

Abstract

Identification and extraction length of dry spells in arid and semi-arid regions is very important.
Thus, the use of climate change prediction models for study the behavior of the climatic parame-
ters in the future time is inevitable. With recognition of the spatial and temporal behavior va-
riables such as precipitation, we can prevent from destructive effects. In this research, the per-
formance of Atmosphere-Ocean General Circulation Models (AOGCMs) was evaluated for simula-
tion length of dry spells in the south-western area of Iran. The results show that the length of dry
spell is relatively decreased in cold seasons (autumn and winter) and increased in the warm sea-
son (spring and summer) in both A2 and B2 Scenarios. The length of the dry spell on monthly scale
for scenario A2 is 6% (equivalent to 2 days) and for scenario B2 is 9 percent (approximately 2.4
day) increased compared to the baseline period. For assess the uncertainty, AOGCMs were
weighting. The results show that the best model for simulation of dry spells is HADCM3 and
GFCM2.1, because the results have a less error. On the other hand, NCCCSM have the lowest weight
for simulation dry spells in both scenarios.
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1. Introduction

One of the major tasks of climate models is the description of precipitation characteristics. Present climate con-
ditions already indicate important risks related to aridity over many areas of the world and they are projected to
be increased for future climate conditions. Climatic Research in various parts of the world is indicating trends
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and long term variability for weather parameters like precipitation and temperature. Since the report by IPCC [1]
raised the question “Has the climate become more variable or extreme”. IPCC [2] reported that, during recent
decades, precipitation has tended to increase in mid-latitudes, decrease in the Northern hemisphere subtropical
zones, and increase generally throughout the Southern hemisphere. The intensity of extreme precipitation is
projected to increase under global warming in many parts of the world, even in the regions where mean precipi-
tation decreases [3]-[8]. Future increases in heavy precipitation are accompanied by reduction in the probability
of wet days, implying a more extreme future climate with higher probabilities of droughts and heavy precipita-
tion events.

Since Iran is located in a belt of arid and semi-arid Northern Hemisphere, there is a vital need for Reliable
forecast of climate. Because water resources and agriculture are strongly influenced by the extremely drought,
simulations from the majority of the atmosphere-ocean general circulation models (AOGCMs) run for the
Fourth Assessment Report of the Intergovernmental Panel on Climate Change [2] produce weak annual-mean
rainfall projections over region of world [9]. The description of precipitation on climatic scales and its numerical
modeling is one of the most challenging issues in climate research. It exhibits a complex and irregular spatial
and temporal structure. Several parameterization schemes for precipitation processes have been developed for
climate models to deal with such complexities [10].

Global climate models (GCMs) show problems to describe local or regional precipitation processes, and
therefore, regional climate models (RCMs) are likely to improve their climatic description [11]. A fundamental
issue concerning the use of GCMs to provide regional climate change scenarios is that of horizontal resolution,
despite the recent increase in computing power, Atmosphere-Ocean General Circulation Models (AOGCMs) are
still run at horizontal grid intervals of 100 - 300 km. [12]. Another weakness of the model errors is related to the
uncertainties [13].

Uncertainties of climate change projections for precipitation are larger than for temperature, even in the sign
of the change over some areas and periods [14].

When extreme events are considered, due to their intrinsic low-frequency characteristics, uncertainties are al-
so larger [15]. So far, many studies on modeling the behavior of precipitation has been done on the basis of cli-
mate change approach around the world. But studies focused on dry spell analysis based on the output of re-
gional climate models (RCMs) have been are rare. The mean of dry spells is likely to be related to large-scale
atmospheric patterns. But it also exhibits some regional or local specific conditions, as shown by [16] over five
European catchments from an ensemble of RCMs, by [17] over Switzerland, or by [18] over the Malaysia Pe-
ninsula. Other results indicate the increased maximum dry spells from regional climate models over the Medi-
terranean for future [15] [19]. It is associated with the climate aridity in the most seasons in this area [20].

An integrated picture of various regional models used suggest future warming, with rainfall increases in sou-
theastern South America, and decreases in the central and eastern Amazon and Northeast Brazil regions, consis-
tent with projections from IPCC AR4 AOGCMs [21]-[28]. In similar research, [29]-[32] made efforts on devel-
oping Long Ashton Research Station Weather Generator (LARS-WG) based on a semi-empirical distribution to
simulate the wet and dry spell lengths.

The aim of this study is Validation of AOGCMs capabilities for simulation lengths of dry spells under Cli-
mate Change in the southwest area of Iran. In fact, the present study revealed which of the AOGCMs output to
simulation length of dry spells have better performance?

2. The Study Area and Dataset

Iran is located in arid and semi-arid Southwest Asia (northern latitude between 25°N - 44°N and the Eastern lon-
gitude from 44°E - 64°E) and has a variable climate. In the northwest, winters are cold with heavy snowfall and
subfreezing temperatures during December and January. Spring and autumn are relatively mild, while summers
are dry and hot. In the south, winters are mild and the summers are very hot, having average daily temperatures
in July exceeding 38°C (100.4°F). On the Khuzestan Plain, summer heat is accompanied by high humidity. In
general, Iran has an arid climate in which most of the relatively scant annual precipitation falls from October
through April. In most of the country, annual precipitation averages 250 mm (9.8 in) or less. The major excep-
tions are the higher mountain valleys of the Zagros and the Caspian coastal plain, where precipitation averages
at least 500 mm (19.7 in) annually. In the western part of the Caspian, rainfall exceeds 1000 mm (39.4 in) an-
nually and is distributed relatively evenly throughout the year. This contrasts with some basins of the Central
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Plateau that receive 100 mm or less of precipitation annually.

In this research, we study Eight Synoptic stations in Southwest area of Iran located in the northern latitude
between 28°N - 33°N and the eastern longitude from 48°E - 53°E (Figure 1 and Table 1 show local and characte-
ristics of the study area). This area has a hot and dry climate and Rainfall is concentrated in autumn and winter,
but spring and summer is very hot and dry weather. Mean monthly precipitation is than less 35 mm. Specifica-
tions Stations and mean monthly precipitation are listed in Table 1 and Figure 2. The data used for analysis
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Figure 1. The location of stations in southwestern area of Iran used in this
study.
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Figure 2. Mean monthly precipitation (1980-2010).

Table 1. List and a brief description of meteorological stations used in this study.

Station name Latitude ("N) Longitude ('E) Elevation(m) Time period Station Code
Ahwaz 20.31 40.48 5.22 1980-2010 40811
Abadan 30.22 15.48 6.6 1980-2010 40831
Dezful 33.24 23.48 143 1980-2010 40795

Shahre kord 32.17 51.50 9.2048 1980-2010 40798
Shiraz 32.29 36.48 1484 1980-2010 40848
Abadeh 31.11 40.52 2030 1980-2010 40818

Fasa 28.58 41.53 3.1288 1980-2010 40859
Bushehr 28.59 49.50 9 1980-2010 40858

Note: The coordinate system used here is WGS1984.
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consisting two databases: the first database is daily precipitations collected from the eight synoptic station of
Iran Meteorological Organization. The record length of observed daily precipitation for each station is 30
years (1980-2010). Second database is monthly precipitation data output of four models, and for future period
(2014-2045) under the A2 and B2 emissions scenarios. Table 2 shows a summary of information the four mod-
els.

3. Methodology

Methods for this study consisted of: climate change scenarios for the future (under the A2 and B2 scenarios),
downscaling AOGCMs output, analysis of the uncertainty of the models used by weighting them, the study of
performance capabilities of four models, and the analysis and interpretation of research results. The following
mentioned methods will be described in more details.

3.1. Generating Climate Change Scenarios for Future Periods

Currently, the most creditable tool for generating climate change scenarios is, three-dimensional models coupled
atmosphere—ocean general circulation Models (AOGCMs).Because AOGCMs computational cells are large,
for eliminating the climatic noise usually use the mean of 30 years of data Instead of using of data directly for
calculations and simulation of climate change. In this research for the generation of climate change scenarios in
future is used the output of four models, in baseline (1980-2010) and future period (2014-2045), under the A2
and B2 emissions scenarios (Table 2 show summary of selected 4 AOGCMs). For calculating Climate change
scenarios for all models, the first must calculating “ratio precipitation” for the long-term average each month in
Baseline and future period using the “Equation (1)”. This equation is recommended by [26] for Calculating re-
gional climatic time series for temperature and precipitation.

AP — EGCM, fut,l_ 1)
PGCM, base, i

where APi indicate Climate change scenarios the average precipitation for the 30-year period for each month of
the year (lsi 312), PGCM, fut,i is 30 years average annual precipitation simulation by AOGCMs for fu-
ture period (2014-2045), for each month, PGCM ,base,i is 30 year average annual precipitation simulation by
AOGCMs for data observation (1980-2010).

3.2. Downscaling Method

Because of the computational grid cells AOGCMs is large and the low spatial resolution, Their use in regional
scale will lead to error. And simulation of surface variables such as temperature and precipitation will be ac-
companied by turbulence. And more importantly, there are many differences between simulated and observated
data. In order to eliminate the disturbances in the models and the amplification the current climate change, in-
stead of use direct use of output data from AOGCMs in the calculations, used the average periodic of the va-
riables. In this research, for downscaling precipitation data, used change factor method (CFM). For computing
climate change scenarios in period future in change factor method, must climate change scenarios obtained in
Equation (1) multiplied in observations data value (1980-2010) is shown in Equation (2). The equation recom-
mended by [33] for a framework assessing uncertainties in climate change impacts for the river Thames, UK.

Table 2. A summary of selected 4 AOGCMs from IPCC AR4 incorporated into the LARS-WG5.5 in this study.

Name of Models Emission scenarios Resolution(atmospheric) Institute publication Reference
HADCM3 A2, Bl1, A1B 2.5°%x3.75° UK Met. Office (IPCC, AR4, 2007)
IPCM,4 A2, Bl1, A1B 2.5°%x3.75° IPSL-CM4-laplace (IPCC, AR4, 2007)
GFCM2.1 A2, B1, AlB 2°x2.5° NOAA/GFDL(USA) (IPCC, AR4, 2007)
NCCCSM A2, B1, AlB 2.8°x2.8° NCAR-USA (IPCC, AR4, 2007)
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P = Piobs,basexAPi (2)

In this “Equation” Pi,,,... IS time series observations precipitation in the base line (1980-2010), APi, in-
dicate climate change scenarios the average precipitation for the 30-year period for each month of the year
(lsi 312) (calculated in “Equation (1)”, and P is series data generated for the future period (2014-2045)).

3.3. Analysis of Uncertainty

In studies of climate change, there are various sources of uncertainty that affected the final results. One of the
sources of uncertainty associated with the model errors. In this study we investigated the effect of uncertainty
AOGCMs in precipitation Southwest area of Iran. In this study we used a Bayesian approach for reviewing and
considering the uncertainty. The steps of this approach include: the production of prior probability distribution
of statistical parameters, determine likelihood function probability (LFP) of the observed data and determine the
posterior probability distribution (PPD). Posterior probability distribution is determined based on the input pa-
rameter distributions (prior distribution) and the probability function. to considering the Bayesian approach is
needed to calculate the probability distribution function (PDF) of precipitation scenarios and then each of the
models based on Mean and Standard deviation observation precipitation (MDOP) are simulated and were
weighted “Equation (4)”. This Equation is given by [34] for estimating uncertainty in climate change scenarios.
Steps of the Bayesian approach is shown in the Figure 3 and “Equation (3)” that is given by [35]. (parts of “EQ-
uation (3)” is describe in Figure 3.

P(H[Y,15)=P(H]1,)*P(Y|H) ®)
1
Wi = —APL_ )

1

Y
=L APi
APi where indicate Standard deviation precipitation simulated by each of the models in the base period the
month (i), N is the number of AOGCMs, Wi represents weight assigned to each of the models.

4. Results and Discussion

4.1. Validation of AOGCMs for Simulation in Length of Dry Spells

Capabilities of AOGCMs for simulation length of dry spells were evaluated in (Table 3). For simulating preci-

Prior Probability

Distribution . babili
PHIL) Bayesian approach Postel1015);:;;;’1);1;21
PEH|Y, Ip)

New Information Likelihood function
Y P(Y|H)

Figure 3. Schematic illustrating steps in Bayesian approach for analysis of uncertainty in this research.

Table 3. Evaluating of Performance indexes AOGCMs for simulating precipitation in this research.

Name of Models Scenario R (%) RMSE (mm) MPE (%)

HADCM3 A2 89.3 11.8 48
B2 86.3 12.3 6

IPCM4 A2 70.3 19.1 7.3

B2 69.2 19.9 6.4

GFCM2.1 A2 85.4 14.8 4.9

B2 87.3 131 5.3

NCCCSM A2 78.1 213 11.2

B2 795. 25.8 9.8
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pitation and extracting length of dry spells in the Southwest area of Iran the first step, the database precipitation
were prepared and then regenerate by the LARS-WGg model and were downscaling under the A2 and B2 scena-
rios. For evaluating the ability of models to simulate precipitation used of 3 statistical indexes: a) the correlation
coefficient (R), b) the Root Mean Square Error (RMSE) and c) Mean Percent Error (MPE). The results showed
that HADCM3 and GFCM2.1 models in all of the index have less error percentage for the simulation data and
more than 80% correlated with the observation data. The most percentage error of the mean is related to the
NCCCSM under A2 scenario. A total of four models have a good performance to simulate precipitation (Figure
3 indicate Evaluating of Performance indexes AOGCMs).

4.2. Calculation and Generate Climate Change Scenarios for the Future Period

At first prepared the time series of monthly precipitation of four model AOGCMs (Table 2) are prepared and
then downscaled under A2 and B2 scenarios for the Southwest area of Iran. In the second step, the long-term
average of monthly precipitation for the base period (1980-2010) and simulated period (2014-2045) was calcu-
lated using equations 1 and 2 and climate change scenarios were generated. Finally, the length of dry spells
monthly, were extracted under A2 and B2 scenarios for each model in the study area (Figure 4 and Figure 5).
The results showed that dry spells length simulated by HADCM3 and GFCM2.1 Compared with the observated
data, decreases in both scenarios, especially in cold seasons. On The other hand, dry spells length with the in-
creasing trend is predicted by all four models in warm seasons (summer and spring).

Dry spells length in all seasons and in both scenario with the increasing trend is predicted by IPCM4 and
NCCCSM models. as expected the dry spells length in the study area in the (2014-2045) period for scenario A2
on monthly basis 6% (equivalent to 2 days) and for scenario B2 9 percent (approximately 2/4 day) increased
compared to the baseline. Generally we can conclude that the area studied in the next period (2014-2045) wit-
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nessed a relatively shorter dry spells length in autumn and winter and in the summer and spring will be longer
(Figure 4 show Climate Change for A2 scenario and Figure 5 show Climate Change for B2 scenario).

4.3. Uncertainty Analysis of with the Approach Weighting to Models

For reviewing an4ded considering the uncertainty of the models, after calculating and producing scenario for dry
spells, each of the scenarios based on the mean and standard deviation of the observed precipitation (MDOP)
were weighted and simulated by Bayesian approach. Finally, the probability distribution function (PDF) was
calculated (Equations (3) and (4)). The results of these calculations show that the model HADCM3 compared to
the other models have the maximum weight to estimate and simulation length of dry spells in both the A2 and
B2 scenarios. On The other hands NCCCSM have the lowest weight in estimation of dry spells length in both
scenarios (Figure 6 and Figure 7). In fact, if the weight of a model 4 is greater, Performance and accuracy is
more acceptable. HADCM3 and GFCM2.1 have more performance in determining dry spells length, especially
during the cold winter months. But NCCCS and IPCM, models have a good performance in warm months (Jun,
Jul, Aug and Sep).

It seems that because of the consistency behavior and, reducing the occurrence of precipitation in the warm
months of the year. This causes allow somewhat is reduced the estimated standard deviation of precipitation by
models at scenario generation stage (Figure 6 and Figure 7). After weighting and considering the uncertainty of
the models, it was found that length of dry spells in the Study area in January, December and February is getting
5 - 6 percent shorter and 3 - 12 percent longer in the warm months(jun, jul, aug and sep), (Figure 8).
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5. Conclusions

In this research, the performance of AOGCMs for the simulation length of dry spells under the A2 and B2 sce-
nario in the southwestern area of Iran were investigated.

The analysis of climate change scenarios in precipitation from AOGCMs showed that dry spells length is de-
crease in HADCM3 and GFCM2.1 models especially in cold seasons (autumn and winter) in both A2 and B2
scenarios. The other hand, dry spells length with the increasing trend is predicted by all four models in warm
seasons (summer and spring). After weighting and considering the uncertainty of the models, it was found that
length of dry spells in the Study Area in January, December and February is getting 5 - 6 percent shorter and 3 -
12 percent longer in the warm months (JJAS) (Figure 7). The results showed that the best model to simulate the
dry spells length is HADCM3 and GFCM2.1 because the simulation results have less error percentage. Overall
it can be concluded that the studied area in future periods (2014-2045) witnessed a relatively that length dry
spells short in autumn and winter and will be longer in summer and spring.
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