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1- Climate Change
2-Standardized Precipitation Evapotranspiration Index
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1- Coefficient of Determination
2- Root Mean of Square Error
3- Mean of Bias Error
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5- Run Theory
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Table 2- Features of general climate model in the IPCC Fourth Assessment Report in LARS-WG model (27)
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Table 3- Evaluation of LARS-WG5 model for base period (1981-2010) by using Statistical error Indices
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Figure 2- The values of average and standard deviation of observed and simulated value for monthly minimum temperature
(a), monthly maximum temperature (b) and monthly precipitation (c)
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Figure 3- Average of monthly mean temperature (a) and precipitation (b) for 2011-2040 period based on performance of
multi-model ensembles and emissions scenarios in comparison with base period
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Table 4- The results of evaluation of different ET,
estimation equations in base period by using FAO Penman
Monteith as a reference method
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Table 5- Values of correlations between SPEI, SP1 and RDI indices under different time scales in base and future periods
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Figure 4- Drought monitoring based on SPEI index in different time scales of base period (1981-2010)
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Table 6- Characteristics of wet and dry periods in base period (1981-2010)
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Table 7- Characteristics of dry and wet periods based on SPEI index and emissions scenarioss of AIB and A2 in 2011- 2040
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s Sl 4 s oAV e g 93 slisd oAb O b Egoe
scenarioss ~ Timescales  Number of (ole) 059 39005 BageSer of 8,9 3jle waljle
periods Longest Maximum Total periods Longest Maximum Total
period deficit deficit period surplus surplus
1 months 51 3 24 45.8 45 3 3.0 495
3 months 28 7 9.1 62.6 27 6 8.9 66.0
ALB 6 months 17 12 17.6 75.7 21 7 12.3 65.4
12 months 8 41 63.4 93.6 14 11 16.2 69.2
18 months 6 42 66.2 88.3 12 11 15.7 69.0
24 months 6 37 61.5 81.7 10 19 28.0 721
1 months 45 3 24 424 48 3 45 48.8
3 months 26 6 6.5 62.2 29 5 6.8 63.6
A2 6 months 18 12 17.9 71.2 22 6 10.2 65.6
12 months 7 41 63.0 93.0 12 11 14.5 70.0
18 months 2 45 71.2 92.5 12 14 17.9 721
24 months 5 37 62.7 86.4 10 19 26.6 65.2
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Introduction: Drought is a natural and recurrent feature of climate. The characterizations of it may change
under the effect of climate change in future periods. During the last few decades a number of different indices
have been developed to quantify drought probabilities. Droughts are caused by disruptions to an expected
precipitation pattern and can be intensified by unusually high temperature values. Precipitation-based drought
indices, including the Standardized precipitation index (SPI), cannot identify the role of temperature increase in
drought condition and in addressing the consequences of climate change. Recently, two new standardized
drought indices have been proposed for drought variability analysis on multiple time scales, the Reconnaissance
Drought Index (RDI, Tsakiris et al., 2007) and the Standardized Precipitation Evapotranspiration Index (SPEI,
Vicente-Serrano et al., 2010). The objective of this study is to evaluate the characterization of wet and dry
periods under the effect of climate change according to SPEI index in synoptic station of Hamedan for the next
thirty years (2011-2040).

Materials and Methods: In this study, the indices of SPEI, SPI and RDI were investigated and the SPEI
index as a multiscalar and suitable index was used to detect, monitor, and explore the consequences of global
warming on drought conditions in synoptic station of Hamedan (airport). For this purpose, the period of 1981-
2010 was chosen as the base period and the simulation of the future climate variables were done based on A1B,
A2 and B2 emissions scenarios and performance of multi model ensemble via LARS-WG5 model for the period
of 2011-2040. The performance of the multi model ensemble was done by using five global climate models
including IPCM4, MPEH5, HADCM3, GFCM21, and NCCCS in the IPCC Fourth Assessment Report
(Semenov and Stratonovitch, 2010). By simulating the values of precipitation ,and the values of temperature and
the values of estimated evapotranspiration , the values of SPEI, RDI and SPI indices were calculated annually
and 1, 3 and 6 months (short- term period) and 12, 18 and 24 months (long- term period) time scales for the base
period and the three next decades. Then, the relation among them was computed and investigated via correlation
coefficient. Then, by monitoring the humidity condition via SPEI index, the characterization of wet and dry
periods including period numbers, longest period, total deficit or surplus, and maximum deficit or surplus were
derived based on Run theory and were comprised for the base period and three future decades.

Results and Discussion: Evaluation of LARS-WG5 model for base period showed that the model was able
to simulate minimum and maximum temperatures and precipitation data with high accuracy based on statistic
error and can be used to generate data for future years according to emission scenario. According to the
simulated results of performance of multi model ensemble, the average values of mean temperature and
precipitation will increase by 0.82°C and 2.5 % for A2 scenario, respectively. In addition, the minimum and
maximum temperatures have increased in all of the months according to the three scenarios in comparison with
the base period. The correlation results between the investigated indices showed that the maximum and
minimum of correlation can be observed between SPI & RDI and SPEI & SPI indices in the base period and
future decade for each scenario, respectively. Drought assessment based on the SPEI index in the base period
shows that the main drought episodes occurred in the 1999 to 2001 that were consistent with FAO report (2006).
Comparison of wet and dry periods in relation to the base period showed that the number of dry periods will
increase in time scales of 1 and 3 months and will decrease in other long-term time scales.

Conclusion: Climate change and its effects are among the main challenges of water resources management
in the present century. In this study, the effects of this phenomenon on drought monitoring and change of
characterizations were investigated. For this purposes, we used daily meteorological variables during thirty years
(1981-2010) from Hamedan Synoptic station. The results of drought monitoring were based on SPEI index, and
it revealed the high variability of humidity condition in the first decade of simulation in comparison with the
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second and third decades. This issue indicated that this decade requires more attention and management
measurements. Also, according to the results of the derived characterization via Run theory, the number of dry
periods will decrease and persistence of the longest dry period and consequently the volume of deficit will
increase in the next three decades. In addition, the total volume surplus of wet periods will decrease in relation to
the base period that can be interpreted as the increasing of moisture deficit in future decades The SPEI is based
on precipitation and temperature data, and it has the advantage of combining multiscalar character with the
capacity to include the effects of temperature variability on drought assessment. Thus, we recommend SPEI, as a
suitable index for studying and identifying the effect of climate change on drought conditions.
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