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Abstract 

Analysis of climate change by precipitation indices can help management of water resources and environmental 

planning. Meteorological parameters affect surface runoffs, river discharges, soil erosion, and water resources. 

Given the climatic conditions of Iran Plateau, occurrence of drought is inevitable in Andimeshk-Dezful plain, 

southwest Iran. The purpose of this research is to examine the climate change condition of the plain using the 

indices of SPI, SIAP, PNPI, RAI and moving average. The precipitation data of Safiabad and Dezful synoptic 

stations have been used for the analysis. After the homogeneity of the data has been explored by Runs test, they 

have been analyzed by the indices to examine the drought condition of the region. The results by the five indices 

have revealed normal state of drought in the study area. The results found that there is the highest similarity 

between the results of two indices of PNPI and RAI. The five indices have confirmed that the year 2005 has the 

highest drought condition and the year 2007 the highest wet condition in the period (2000-2020). According to 

SPI, PNPI, and RAI, the highest frequency of the events is related to normal droughts. It can be concluded that 

the beginning years of the period experienced drought. The study has also indicated that in reality the outcomes 

of SPI index are more accurate than those of other indices.  

Keywords: Andimeshk-Dezful Plain, Drought, Precipitation Indices, Water Resources, Climate Change. 
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1- Introduction 

Regional environmental condition is influenced 

by climate factors (Zhao et al., 2021). Climatic 

parameters are directly and indirectly affecting 

surface runoffs, river discharge, catchment 

erosion and groundwater reserves (Kalkuhl & 

Wenz, 2020; Zhang et al., 2021). Therefore, 

meteorological studies and analysis of the 

results are extremely important for proper and 

scientific management of water resources (Rad 

et al., 2017; Zhang et al., 2018), agriculture (Lu 

et al., 2017; Zhang et al., 2021), prevention of 

flooding and soil erosion (Gumus & Algin, 

2017). Precipitation is the most important 

parameter to define climate change condition 

and its scarcity can represent the drought 

threshold. Water scarcity crisis is actually a 

widening gap between water demand and its 

supply. The larger the gap between water 

supply and demand, the larger is the resulted the 

crisis (Bărbulescu & Deguenon, 2014; Li et al., 

2017). Therefore, in order to achieve the goals 

of sustainable development in the field of water 

resources, all countries in the world, including 

governments and the general public, must use 

their power in the protection and water 

resources management. The design and 

management of water resources requires public 

participation and the management of this vital 

element (water) needs to be subject to the 

conditions of the geographical environment. 

Drought as one of the natural disasters with a 

continuous gradual impact can cause great 

damage to human life and natural ecosystems. 

It is different from other natural disasters such 

as floods, storms and earthquakes. The main 

differences in the gradual impact of drought 

over a relatively long period of time are that it 

is hard to predict and determine the exact time 

of onset and end of the phenomenon and the 

geographical extent of its impact. Climate 

change and water scarcity occur frequently 

around the world. However, this situation is 

more common in the areas where it has 

climatically irregular occurrence and randomly 

affected by different climatic systems, and 

more detrimental effects in arid and semi-arid 

regions (Herrera‐Estrada et al., 2017; Krueger 

et al., 2017). Generally, drought can be divided 

into four groups including meteorological 

drought (lack of rainfall in the region for a 

period of time), agricultural drought (lack of 

soil moisture and plant growth for a period of 

time without affecting surface water resources), 

hydrological drought (lack of surface water 

resources for specific water uses from a water 

resources management system) and socio-

economic drought (failure of the water 

resources system to meet water demand for a 

proper water economy) (Escalante-Sandoval & 

Nuñez-Garcia, 2017; Habibi et al., 2018; Van 

Loon & Van Lanen, 2012; Zhang et al., 2021).  

The main manifestation of meteorological 

drought is an overwhelming decrease in rainfall 

below amerage (long-term average) in a certain 

place. The reduction in soil moisture and 

surface water and groundwater are the next 

consequences of the decreased rainfall. Plants 

and animals in a particular area are usually 

adapted to the average rainfall. When the 

rainfall falls below average, life in that area is 

disrupted by the conditions (Zhao et al., 2021). 

Hydrological drought, mainly resulted from the 

effects of scarcity on surface water or 

groundwater supply, occurs with a longer delay 

than meteorological or agricultural droughts 

(Lu et al., 2017; Zhang et al., 2021); because it 

takes a long time for the lack of precipitation 

(Ghadimi & Nezammahalleh, 2015) to manifest 

its effects on the components of the 

hydrological system such as soil moisture, 

surface water and groundwater reserves and 

river flow. Although climate is the primary 

factor in the occurrence of hydrological 

drought, other factors such as land use change, 

land degradation and construction of dams all 

affect the hydrological characteristics of the 

basin (Carrão et al., 2016; Ye et al., 2016).Due 

to special location of Iran on the global drought 

belt with the occurrences of recent droughts, the 

place usually experiences a sharp drop in 

groundwater levels in its plains and needs more 

careful attention in this regard (Rad et al., 

2017). Today, the groundwater crisis and water 

shortage crisis can be seen in most areas of Iran. 

In general, all sectors of the environment are 

exposed to the damage caused by this crisis, but 

there is not enough information about the 
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consequences. Improper use of groundwater 

has caused about 230 plains out of 609 plains in 

Iran to face groundwater crisis and, therefore, 

the water level in these plains has dropped 

sharply and in some cases it has led to land 

subsidence and numerous damage. Over-

harvesting and drilling of illegal wells, 

especially during droughts, have exacerbated 

these crises in the plains of Iran and it also made 

water management difficult (Mahmoudi et al., 

2019). In this study, with the aim to analyze 

precipitation data and compare rainfall indices 

and drought in Dezful-Andimeshk plain, we 

have used five indices of standard rainfall, 

rainfall anomaly, normal percentage of rainfall, 

annual rainfall, and moving average of three 

and five years.    

2- Literature review 

Various indicators of precipitation have been 

developed and analyzed in many studies in the 

fields of meteorology, agriculture, ecology, and 

water resources management (Burgan & 

Aksoy, 2020; Hoek van Dijke et al., 2022; 

Tabari, 2021). Among these studies, the 

development and expansion of precipitation 

indicators based on meteorological variables 

has many applications in the studies. Examples 

of these indicators are including Rainfall 

Anomaly Index (RAI), the Bhalme and Mooley 

Drought Index (BMDI), the Drought Severity 

Index (DSI), the Standardized Precipitation 

Index (SPI); the Effective Drought Index (EDI), 

and Reconnaissance Drought Index (RDI) (Deo 

et al., 2017; Gumus & Algin, 2017). Another 

type of applied studies and research on drought 

indicators is agricultural drought (Lu et al., 

2017; Zhang et al., 2021) indicators including 

Crop Moisture Index (CMI); Soil Moisture 

Drought Index (SMDI), Crop Specific Drought 

Index (CSDI), and Evapotranspiration Deficit 

Index (ETDI) (Fernandes et al., 2010; Ghazi et 

al., 2023; Liu et al., 2018; Tian et al., 2018).  

Estimation of precipitation indicator using 

hydrological indices is also applied in many 

studies. Examples of these indices are including 

Regional Stream Drought Index (RSDI), 

Palmer Hydrological Drought Index (PHDI); 

Surface Water Supply Index (SWSI), 

Reclamation Drought Index (RDI) and the 

Agricultural Reference Index for Drought 

(ARID) (Schmith et al., 2021; Van Loon & 

Laaha, 2015; Woli et al., 2012). Among these, 

the SPI index has been widely used in many 

studies due to its reliability and ability to 

examine drought at different time scales and for 

different climatic regions in different parts of 

the world (Cooley & Chang, 2021; Cumbie-

Ward & Boyles, 2016; Konapala et al., 2020; 

Stagge et al., 2015; Tian et al., 2022).  

Many efforts and studies have been done to 

develop precipitation indicators and to evaluate 

and quantify various aspects of drought. The 

indices consider reduction in the effects of 

drought (WMO., 2013), spatial differences in 

drought risk (Huang et al., 2023; Leite-Filho et 

al., 2021; Li et al., 2024), and the possibility of 

early prediction and identification of drought 

and their severity and extent 

(Hosseinzadehtalaei et al., 2020; Tabari et al., 

2021). (Eslamian et al., 2017), showed that the 

PNPI index gives the best results when used for 

a single region in a given season. The validation 

approach showed that drought zones, according 

to SWI, are highly correlated with grain 

production. Accordingly, a favorable 

correlation between SWI and SPI was found by 

many studies evaluated the indicators (Aragon 

et al., 2020; Breinl et al., 2020; Dogan et al., 

2012). Many researchers explored many of the 

indicators confirmed the appropriateness of 

Percent Normal Precipitation Index (PNPI), 

ZScore Index (ZSI), Standard Precipitation 

Index (SPI), China Z Index (CZI), Modified 

CZI (MZCI), and Decile Precipitation Index 

(DPI).  

 

3- Study area 

Dezful-Andimeshk as the study area of this 

research is located in southwestern Khuzestan 

Plain, 130 km north Ahvaz, Iran. There are 

many rivers on the region with 2071 square 

kilometers in area. The most important rivers in 

the study area are Dez, Balaroud, Kahnak, 

Galal and Shavar. The water resources from the 

rivers are widely used for various purposes, 
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especially for agriculture. Dez River, as one of 

the most important tributaries of Karun, 

originates from the northern highlands of 

Boroujerd and Aligudarz mountainous areas. 

This river enters Khuzestan plain from the north 

part of Dezful discharging into Karun River in 

the north Ahvaz (Figure 1).  

 

 

 

 

 

Figure 1- Map of the study area 

 

4- Material and methods 

In this study, meteorological data including 

precipitation, evaporation and temperature 

parameters of Safiabad and Dezful synoptic 

stations (time range 2000-2020) have been 

derived from Khuzestan Meteorological 

Organization. The Runs statistical test has 

initially been used to check the homogeneity of 

the data; then, five climatic indices of SPI, RAI, 

PNPI, SIAP and Moving Average have been 

calculated based on these data.   

Standardized precipitation index (SPI): this 

index is based on probability of precipitation 

for each time scale and for each region 

according to long-term rainfall record 

(Karabulut, 2015). To calculate this index, the 

appropriate statistical distribution is fitted to 

long-term rainfall statistics and the collective 

distribution function is converted into a normal 

distribution using equal probabilities. The 

standardized and average values of the data are 

zero for each region and period (Equation 1). 

Positive SPI values indicate rainfall more than 

average and negative values mean lower than 

average. According to this method, the drought 

period occurs when the index values are 

continuously negative and reach the value of -1 

or less, and it can end when the values become 

positive (Deo, 2011). 

                                   

                                        Table 1- The drought classification of SPI (Hayes et al, 2007) 

 

 

 

 

 

 

Rainfall Anomaly Index (RAI): The basis of 

this index is calculation of standard deviation 

from normal long-term rainfall (Khosravi et al., 

2012, 58). If p> p or the anomaly is positive, the 

rainfall anomaly index is obtained from  

 

Equation 2, and if p <p or the anomaly is 

negative, it has to be obtained from Equation 3. 

Finally, the calculated values are classified 

according to Table 2.  

Drought Severity SPI 

Extremely wet +2 < 

Very wet  +1.5 to +1.99 

Moderately wet +1 to +1.49 

Near normal -0.99 to +0.99 

Moderately dry -1.5 to -1.99 

Severely dry -1 to -1.49 

Extremely dry -2> 



  

 

 

 

      1    

  

JESR I International Journal of Environmental Sciences and Research, 2022, 1(1), 29-40. 

http://ijesr.kmsu.ac.ir 

Original Paper 

 

 

 

 

 

 

Rai =  3[
𝑝−𝑃−

𝑚−−𝑝−
] 

Rai = -3 [
𝑝−𝑃−

𝑚−−𝑝−
]                                   (3) 

(2) 

 

 

 

 

Where, p is comparison of rainfall data (p) with 

long-term average rainfall; P - is long-term 

average rainfall in the desired stations; m is the 

average of 10 cases of the largest amounts of  

rainfall occurred in study periods; and x is 

extraction of the average of the 10 cases with 

the lowest rainfall in the study period. 

Table 2- The drought classification of RAI 

Drought Severity Intensity Interval Index value 

Near normal -0.3 to 0.3 

Slightly dry -1.2 to -0.3 

Moderately dry -2.1 to -1.2 

Severely dry -3.0 to -2.1 

Extremely dry -3> 

 

 

Percentage of Normal Precipitation Index 

(PNPI): This index, also called the Percentage 

of Normal Index (PNI), is used to measure 

long-term precipitation data for each station 

and then their percentage changes from long-

term normal precipitation on a monthly or 

annual basis. To calculate this index, Equation 

4 and Table 3 are used for the data (Hayes et al., 

2007). 

 
𝑃𝑛𝑝𝑖 =

𝑃𝑖

𝑃
. 100 (4) 

Where, Pi is annual rainfall of year i and P is 

the average rainfall in statistical period. 

 

Table 3- The drought classification of PNPI 

Segoe UI Semibold Segoe UI Semibold 

Segoe UI Semibold Segoe UI Semibold 

Segoe UI Semibold Segoe UI Semibold 

Segoe UI Semibold Segoe UI Semibold 

Segoe UI Semibold Segoe UI Semibold 

Segoe UI Semibold Segoe UI Semibold 

Segoe UI Semibold Segoe UI Semibold 

 

Standardized Index Annual Precipitation 

(SIAP): This index is obtained from Equation 5 

and the calculated values are given in Table 4 

(Ghorbani et al., 2010).  

 SIAP = 
𝑃𝑖−𝑃−

𝑆𝐷
 (5) 

Where Pi is rainfall of the ith hydrological year; p- is the average of rainfall during the statistical period; 

and Sd is the standard deviation of the rainfall series.  
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 Table 4- The drought classification of SIAP 

Drought Severity Annual rainfall index SIAP 

Very, very humid >1.28 

Very humid 0.84 to 1.28 

Average humid 0.52 to 0.8 

Mild humid 0.25 to 0.52 

Normal -0.25 to 0.25 

Slightly dry -0.52 to -0.25 

Moderately dry -0.84 to -0.52 

Severely dry -1.28 to -0.84 

Extremely dry -1.28> 

 

4- Results  

In this study, the non-graphical Runs test has 

confirmed the homogeneity of the data of the 

study area (Table 5). If the Sig value is greater 

than 0.05, the data are homogeneous; if less 

than 0.05, the data are heterogeneous. 

According to the results, it is observed that the 

value of Sig is 0.491 (more than 0.05).  

 

Table 5- Results of Runs Test 

Statistical test N Mean Std. Dev. Min Max Percentiles 

25th 50th (Median) 75th 

Annual Precipitation 20 18.9243 11.19355 2.40 35.58 7.6175 19.5330 28.5500 

 

Runs Test 

Satistical Test Annual Precipitation 

Test Valuea 18.9243 

Cases < Test Value 10 

Cases >= Test Value 10 

Total Cases 20 

Results of SPI index: According to the annual 

SPI index, normal situation is observed in most 

statistical periods and the relative drought 

conditions can be observed in the early years of 

the statistical period (from 2000 to 2005). In 

this period, rainfall is relatively low with high 

evaporation and high temperature. 

Subsequently, the conditions have changed the 

situation into normal state. The transformations 

can be attributed to climate change and increase 

in rainfall during this period (Figure 2).    

 

 

Figure 2- SPI chart of the study area 
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Results of SIAP index: According to this index, 

wet and very humid periods have been 

identified in the study area, so that after a 

drought period, there have been wet years and 

normal conditions in the region. The index has 

indicated that from the beginning of the 

statistical period (2000-2020), the region is 

faced with a severe drought period that in 

addition to lack of rainfall, this situation can be 

attributed to increased temperature. In the year 

2005, the situation is changed and wet and 

normal years with rainfall up to 41.33 mm are 

widely observed in the region (Figure 3).    

 

 

Figure 3- SIAP chart of the study area 

Results of RAI index: According to RAI index, 

the study area has been faced with many 

drought years and normal years can also be 

observed during the statistical period. 

According to this index, from the beginning of 

the statistical period (2000-2020), the study 

area has been faced with a severe drought 

situation. In the period, the year 2005 is the 

wettest and the year 2004 is the driest in the 

region (Figure 4). 

 

 

Figure 4- RAI chart of the study area 

 

Results of PNPI index: According to the PNPI 

index, from the beginning of the statistical 

period (2000), Dezful-Andimeshk plain was 

faced with severe drought and this drought 

continued until 2006. As mentioned about other 

indicators in the region, the precipitation factor 

has had the greatest impact on the drought of 

these years. Following these years, the region 

has reached a normal state, which has continued 

for two years with a reoccurring drought year 

again. At the end of the study period, the 

situation in the region changed into normal 

(Figure 5). 
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Figure 5- PNPI chart of the study area 

Moving Average Index: This index has been 

calculated according to two periods of five 

yearsband three years. The moving chart also 

shows the wet and drought years during the 

statistical period. According to the three-year 

chart, the year 2001-2002 experienced a wet 

season. According to the five-year moving 

average chart, the region in two periods of 2007 

and 2012 again experienced the wet years 

(Figure 6).  

 

 

Figure 6- five year and three years moving average 

 

6- Discussion and Conclusion 

In this study, drought has been assessed using 

SPI, SIAP, PNPI, RAI and moving average in 

Dezful-Andimeshk plain. According to the 

results, all indicators showed almost the same 

outcomes about the drought condition. 

According to the five indicators, in the 

beginning of the statistical period, we observed 

drought conditions in the area, which continued 
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until 2005 and, the situation changed into 

normal state in 2006. Among the studied 

indicators, SPI index is more capable to show 

the real drought conditions. Due to its high 

sensitivity to precipitation changes, the SPI 

index compared with other indicators has 

indicated more accurate classification 

and better computational capability in different 

time periods. This can confirm the results of 

other researchers about the accuracy of this 

index (Sienz et al., 2012; Stagge et al., 2015; 

Stricevic et al., 2011; Zhai et al., 2010). 

According to SIAP, RAI and PNI indices, 

normal drought is the most common condition 

in the region. However, according to the SIAP 

index, the frequency of drought and wet events 

is almost the same for the region. The similarity 

between the five indicators is that the beginning 

years of the statistical period (2000-2020) had 

drought condition in the region. In the study 

area, there is the greatest similarity between the 

results of PNPI and RAI indices. Comparison 

of the studied indicators shows different 

frequencies and severity of drought conditions 

in Dezful-Andimeshk plain. According to the 

results of the indicators, the year 2005 was the 

most widespread year of drought in the area. In 

general, these indicators show the 

approximation in the results obtained from the 

spatial analysis of drought. The results of 

statistical analysis and comparison between the 

five indicators showed that the dominant state 

in this region is almost normal. For water 

resources management in the region, it is 

essential to investigate the severity, continuity 

and frequency of drought events and also 

determine the possible time delay between the 

occurrences of this type of droughts. This can 

help make useful planning for proper and 

scientific management of water resources in the 

study area. Water scarcity and its adverse 

effects on crop production have in-depth 

implications for both the economy and the 

environment. However, by optimizing water 

use through techniques such as crop 

monitoring, smart irrigation, or the use of poly-

irrigation, it is possible to mitigate the effects of 

drought on agriculture and ensure sustainable 

farming practices.  

Acknowledgments  

The authors are thankful to the Khuzestan 

Water and Electricity Organization and also 

Meteorological Organization for providing 

statistics and data of this study.  

 

 

 

References 

Aragon, C. M., Loikith, P. C., McCullar, N., & 

Mandilag, A. (2020). Connecting local‐

scale heavy precipitation to large‐scale 

meteorological patterns over Portland, 

Oregon. International Journal of 

Climatology, 40(11), 4763-4780. 

https://doi.org/10.1002/joc.6487 

  

Bărbulescu, A., & Deguenon, J. (2014). MODELS 

FOR TREND OF PRECIPITATION IN 

DOBRUDJA. Environmental Engineering 

& Management Journal (EEMJ), 13(4). 

https://doi.org/10.30638/eemj.2014.091  

 

Breinl, K., Di Baldassarre, G., Mazzoleni, M., Lun, 

D., & Vico, G. (2020). Extreme dry and 

wet spells face changes in their duration 

and timing. Environmental Research 

Letters, 15(7), 074040. 

https://doi.org/10.1088/1748-9326/ab7d05  

 

Burgan, H. I., & Aksoy, H. (2020). Monthly flow 

duration curve model for ungauged river 

basins. Water, 12(2), 338. 

https://doi.org/10.3390/w12020338 

  

Carrão, H., Russo, S., Sepulcre-Canto, G., & 

Barbosa, P. (2016). An empirical 

standardized soil moisture index for 

agricultural drought assessment from 

remotely sensed data. International journal 

of applied earth observation and 

geoinformation, 48, 74-84. 

https://doi.org/10.1016/j.jag.2015.06.011  

 

Cooley, A. K., & Chang, H. (2021). Detecting 

change in precipitation indices using 

observed (1977–2016) and modeled future 

climate data in Portland, Oregon, USA. 

https://doi.org/10.1002/joc.6487
https://doi.org/10.30638/eemj.2014.091
https://doi.org/10.1088/1748-9326/ab7d05
https://doi.org/10.3390/w12020338
https://doi.org/10.1016/j.jag.2015.06.011


            

10 

 

JESR  

 
I 

 

Kord et al., 2025 

 

Assessing Climate Change by Comparing Precipitation Indices (Case study: Dezful-Andimeshk Plain)  

 

(Case study: Dezful-Andimeshk Plain)  

 

Journal of Water and Climate Change, 

12(4), 1135-1153. 

https://doi.org/10.2166/wcc.2020.043 

  

Cumbie-Ward, R. V., & Boyles, R. P. (2016). 

Evaluation of a high-resolution SPI for 

monitoring local drought severity. Journal 

of Applied Meteorology and Climatology, 

55(10), 2247-2262.  

 

Deo, R. C. (2011). On meteorological droughts in 

tropical Pacific Islands: time‐series 

analysis of observed rainfall using Fiji as a 

case study. Meteorological Applications, 

18(2), 171-180. 

https://doi.org/10.1002/met.216  

 

Deo, R. C., Byun, H.-R., Adamowski, J. F., & 

Begum, K. (2017). Application of effective 

drought index for quantification of 

meteorological drought events: a case 

study in Australia. Theoretical and Applied 

Climatology, 128, 359-379. 

https://doi.org/10.1007/s00704-015-1706-

5  

 

Dogan, S., Berktay, A., & Singh, V. P. (2012). 

Comparison of multi-monthly rainfall-

based drought severity indices, with 

application to semi-arid Konya closed 

basin, Turkey. Journal of Hydrology, 470, 

255-268. 

https://doi.org/10.1016/j.jhydrol.2012.09.0

03  

 

Escalante-Sandoval, C., & Nuñez-Garcia, P. (2017). 

Meteorological drought features in 

northern and northwestern parts of Mexico 

under different climate change scenarios. 

Journal of Arid Land, 9, 65-75. 

https://doi.org/10.1007/s40333-016-0022-

y  

 

Eslamian, S., Ostad-Ali-Askari, K., Singh, V. P., 

Dalezios, N. R., Ghane, M., Yihdego, Y., 

& Matouq, M. (2017). A review of drought 

indices. Int. J. Constr. Res. Civ. Eng, 3(4), 

48-66. https://doi.org/10.20431/2454-

8693.0304005  

 

Fernandes, D. S., Heinemann, A. B., Paz, R. L. F., 

& Amorim, A. d. O. (2010). Desempenho 

de índices quantitativos de seca na 

estimativa da produtividade de arroz de 

terras altas. Pesquisa Agropecuária 

Brasileira, 45, 771-779.  

 

Ghadimi, M., & Nezammahalleh, M. (2015). 

Construction of a causeway bridge across 

the Lake Urmia and its influence on drying 

trend of the lake. The International 

Archives of the Photogrammetry, Remote 

Sensing and Spatial Information Sciences, 

40, 211-213. 

https://doi.org/10.5194/isprsarchives-XL-

1-W5-211-2015 

  

Ghazi, B., Przybylak, R., & Pospieszyńska, A. 

(2023). Projection of climate change 

impacts on extreme temperature and 

precipitation in Central Poland. Scientific 

Reports, 13(1), 18772. 

https://doi.org/10.1038/s41598-023-

46199-5  

 

Ghorbani, K., KHALILI, A., Alavipanah, S., & 

NAKHAEIZADEH, G. R. (2010). 

Comparative study of the meteorological 

drought indices (SPI and SIAP) using data 

mining method (case study of Kermanshah 

Province).  

 

Gumus, V., & Algin, H. M. (2017). Meteorological 

and hydrological drought analysis of the 

Seyhan− Ceyhan River Basins, Turkey. 

Meteorological Applications, 24(1), 62-73. 

(10.1002/met.1605)  

 

Habibi, B., Meddi, M., Torfs, P. J., Remaoun, M., & 

Van Lanen, H. A. (2018). Characterisation 

and prediction of meteorological drought 

using stochastic models in the semi-arid 

Chéliff–Zahrez basin (Algeria). Journal of 

Hydrology: Regional Studies, 16, 15-31. 

https://doi.org/10.1016/j.ejrh.2018.02.005 

  

Hayes, M. J., Alvord, C., & Lowrey, J. (2007). 

Drought indices. Intermountain west 

climate summary, 3(6), 2-6. 

https://doi.org/10.1002/0471743984.vse85

93  

 

Herrera‐Estrada, J. E., Satoh, Y., & Sheffield, J. 

(2017). Spatiotemporal dynamics of global 

drought. Geophysical Research Letters, 

44(5), 2254-2263. 

https://doi.org/10.1002/2016GL071768  

 

Hoek van Dijke, A. J., Herold, M., Mallick, K., 

Benedict, I., Machwitz, M., Schlerf, M., 

Pranindita, A., Theeuwen, J. J., Bastin, J.-

F., & Teuling, A. J. (2022). Shifts in 

regional water availability due to global 

tree restoration. Nature Geoscience, 15(5), 

363-368. https://doi.org/10.1038/s41561-

022-00935-0  

 

Hosseinzadehtalaei, P., Tabari, H., & Willems, P. 

(2020). Climate change impact on short-

duration extreme precipitation and 

https://doi.org/10.2166/wcc.2020.043
https://doi.org/10.1002/met.216
https://doi.org/10.1007/s00704-015-1706-5
https://doi.org/10.1007/s00704-015-1706-5
https://doi.org/10.1016/j.jhydrol.2012.09.003
https://doi.org/10.1016/j.jhydrol.2012.09.003
https://doi.org/10.1007/s40333-016-0022-y
https://doi.org/10.1007/s40333-016-0022-y
https://doi.org/10.20431/2454-8693.0304005
https://doi.org/10.20431/2454-8693.0304005
https://doi.org/10.5194/isprsarchives-XL-1-W5-211-2015
https://doi.org/10.5194/isprsarchives-XL-1-W5-211-2015
https://doi.org/10.1038/s41598-023-46199-5
https://doi.org/10.1038/s41598-023-46199-5
https://doi.org/10.1016/j.ejrh.2018.02.005
https://doi.org/10.1002/0471743984.vse8593
https://doi.org/10.1002/0471743984.vse8593
https://doi.org/10.1002/2016GL071768
https://doi.org/10.1038/s41561-022-00935-0
https://doi.org/10.1038/s41561-022-00935-0


            

11 

 

JESR  

 
I 

 

Kord et al., 2025 

 

Assessing Climate Change by Comparing Precipitation Indices (Case study: Dezful-Andimeshk Plain)  

 

(Case study: Dezful-Andimeshk Plain)  

 

intensity–duration–frequency curves over 

Europe. Journal of Hydrology, 590, 

125249. 

https://doi.org/10.1016/j.jhydrol.2020.125

249  

 

Huang, B., Li, Y., Liu, Y., Hu, X., Zhao, W., & 

Cherubini, F. (2023). A simplified multi-

model statistical approach for predicting 

the effects of forest management on land 

surface temperature in Fennoscandia. 

Agricultural and forest meteorology, 332, 

109362. 

https://doi.org/10.1016/j.agrformet.2023.1

09362  

 

Kalkuhl, M., & Wenz, L. (2020). The impact of 

climate conditions on economic 

production. Evidence from a global panel 

of regions. Journal of Environmental 

Economics and Management, 103, 102360. 

https://doi.org/10.1016/j.jeem.2020.10236

0  

 

Karabulut, M. (2015). Drought analysis in Antakya-

Kahramanmaraş Graben, Turkey. Journal 

of Arid Land, 7, 741-754. 

https://doi.org/10.1007/s40333-015-0011-

6  

 

Konapala, G., Mishra, A. K., Wada, Y., & Mann, M. 

E. (2020). Climate change will affect 

global water availability through 

compounding changes in seasonal 

precipitation and evaporation. Nature 

communications, 11(1), 3044. 

https://doi.org/10.1038/s41467-020-

16757-w  

 

Krueger, E. S., Ochsner, T. E., Quiring, S. M., 

Engle, D. M., Carlson, J., Twidwell, D., & 

Fuhlendorf, S. D. (2017). Measured soil 

moisture is a better predictor of large 

growing‐season wildfires than the Keetch–

Byram Drought Index. Soil Science Society 

of America Journal, 81(3), 490-502. 

https://doi.org/10.2136/sssaj2017.01.0003 

  

Leite-Filho, A. T., Soares-Filho, B. S., Davis, J. L., 

Abrahão, G. M., & Börner, J. (2021). 

Deforestation reduces rainfall and 

agricultural revenues in the Brazilian 

Amazon. Nature Communications, 12(1), 

2591. https://doi.org/10.1038/s41467-021-

22840-7  

 

Li, Y., Huang, B., & Rust, H. W. (2024). Using 

statistical models to depict the response of 

multi-timescale drought to forest cover 

change across climate zones. Hydrology 

and Earth System Sciences, 28(2), 321-

339. https://doi.org/10.5194/hess-28-321-

2024  

 

Li, Y., Yao, N., Sahin, S., & Appels, W. M. (2017). 

Spatiotemporal variability of four 

precipitation-based drought indices in 

Xinjiang, China. Theoretical and Applied 

Climatology, 129, 1017-1034.  

 

Liu, X., Zhu, X., Pan, Y., Bai, J., & Li, S. (2018). 

Performance of different drought indices 

for agriculture drought in the North China 

Plain. Journal of Arid Land, 10, 507-516. 

https://doi.org/10.1007/s40333-018-0005-

2  

Lu, H., Wu, Y., Li, Y., & Liu, Y. (2017). Effects of 

meteorological droughts on agricultural 

water resources in southern China. Journal 

of Hydrology, 548, 419-435. 

https://doi.org/10.1016/j.jhydrol.2017.03.0

21  

 

Mahmoudi, P., Rigi, A., & Miri Kamak, M. (2019). 

A comparative study of precipitation-based 

drought indices with the aim of selecting 

the best index for drought monitoring in 

Iran. Theoretical and Applied Climatology, 

137, 3123-3138. 

https://doi.org/10.1007/s00704-019-

02778-z  

 

Rad, A. M., Ghahraman, B., Khalili, D., 

Ghahremani, Z., & Ardakani, S. A. (2017). 

Integrated meteorological and hydrological 

drought model: a management tool for 

proactive water resources planning of 

semi-arid regions. Advances in water 

resources, 107, 336-353. 

https://doi.org/10.1016/j.advwatres.2017.0

7.007 

  

Schmith, T., Thejll, P., Berg, P., Boberg, F., 

Christensen, O. B., Christiansen, B., 

Christensen, J. H., Madsen, M. S., & 

Steger, C. (2021). Identifying robust bias 

adjustment methods for European extreme 

precipitation in a multi-model pseudo-

reality setting. Hydrology and Earth 

System Sciences, 25(1), 273-290.  

 

Sienz, F., Bothe, O., & Fraedrich, K. (2012). 

Monitoring and quantifying future climate 

projections of dryness and wetness 

extremes: SPI bias. Hydrology and Earth 

System Sciences, 16(7), 2143-2157. 

https://doi.org/10.5194/hess-16-2143-

2012  

 

https://doi.org/10.1016/j.jhydrol.2020.125249
https://doi.org/10.1016/j.jhydrol.2020.125249
https://doi.org/10.1016/j.agrformet.2023.109362
https://doi.org/10.1016/j.agrformet.2023.109362
https://doi.org/10.1016/j.jeem.2020.102360
https://doi.org/10.1016/j.jeem.2020.102360
https://doi.org/10.1007/s40333-015-0011-6
https://doi.org/10.1007/s40333-015-0011-6
https://doi.org/10.1038/s41467-020-16757-w
https://doi.org/10.1038/s41467-020-16757-w
https://doi.org/10.2136/sssaj2017.01.0003
https://doi.org/10.1038/s41467-021-22840-7
https://doi.org/10.1038/s41467-021-22840-7
https://doi.org/10.5194/hess-28-321-2024
https://doi.org/10.5194/hess-28-321-2024
https://doi.org/10.1007/s40333-018-0005-2
https://doi.org/10.1007/s40333-018-0005-2
https://doi.org/10.1016/j.jhydrol.2017.03.021
https://doi.org/10.1016/j.jhydrol.2017.03.021
https://doi.org/10.1007/s00704-019-02778-z
https://doi.org/10.1007/s00704-019-02778-z
https://doi.org/10.1016/j.advwatres.2017.07.007
https://doi.org/10.1016/j.advwatres.2017.07.007
https://doi.org/10.5194/hess-16-2143-2012
https://doi.org/10.5194/hess-16-2143-2012


            

12 

 

JESR  

 
I 

 

Kord et al., 2025 

 

Assessing Climate Change by Comparing Precipitation Indices (Case study: Dezful-Andimeshk Plain)  

 

(Case study: Dezful-Andimeshk Plain)  

 

Stagge, J. H., Tallaksen, L. M., Gudmundsson, L., 

Van Loon, A. F., & Stahl, K. (2015). 

Candidate distributions for climatological 

drought indices (SPI and SPEI). 

International Journal of Climatology, 

35(13), 4027-4040. 

https://doi.org/10.1002/joc.4267  

 

Stricevic, R., Djurovic, N., & Djurovic, Z. (2011). 

Drought classification in Northern Serbia 

based on SPI and statistical pattern 

recognition. Meteorological Applications, 

18(1), 60-69. 

https://doi.org/10.1002/met.207  

 

Tabari, H. (2021). Extreme value analysis dilemma 

for climate change impact assessment on 

global flood and extreme precipitation. 

Journal of Hydrology, 593, 125932. 

https://doi.org/10.1016/j.jhydrol.2020.125

932  

 

Tabari, H., Paz, S. M., Buekenhout, D., & Willems, 

P. (2021). Comparison of statistical 

downscaling methods for climate change 

impact analysis on precipitation-driven 

drought. Hydrology and Earth System 

Sciences, 25(6), 3493-3517. 

https://doi.org/10.5194/hess-25-3493-

2021  

 

Tian, L., Yuan, S., & Quiring, S. M. (2018). 

Evaluation of six indices for monitoring 

agricultural drought in the south-central 

United States. Agricultural and forest 

meteorology, 249, 107-119.  

 

Tian, L., Zhang, B., Wang, X., Chen, S., & Pan, B. 

(2022). Large‐scale afforestation over the 

Loess Plateau in China contributes to the 

local warming trend. Journal of 

Geophysical Research: Atmospheres, 

127(1), e2021JD035730. 

https://doi.org/10.1029/2021JD035730  

 

Van Loon, A. F., & Laaha, G. (2015). Hydrological 

drought severity explained by climate and 

catchment characteristics. Journal of 

hydrology, 526, 3-14. 

https://doi.org/10.1016/j.jhydrol.2014.10.0

59 

Van Loon, A. F., & Van Lanen, H. A. (2012). A 

process-based typology of hydrological 

drought. Hydrology and Earth System 

Sciences, 16(7), 1915-1946.  

 

World Meteorlogical Organization (WMO). (2013. 

High-level meeting on national drought 

policy. Geneva: International Conference 

Center (CICG). Retrieved March/11 , 

2013, from 

http://www.wmo.int/pages/prog/wcp/agm/

meetings/hmndp13 

 

Ye, X., Li, X., Xu, C.-Y., & Zhang, Q. (2016). 

Similarity, difference and correlation of 

meteorological and hydrological drought 

indices in a humid climate region–the 

Poyang Lake catchment in China. 

Hydrology Research, 47(6), 1211-1223. 

https://doi.org/10.2166/nh.2016.214 

  

Zhai, J., Su, B., Krysanova, V., Vetter, T., Gao, C., 

& Jiang, T. (2010). Spatial variation and 

trends in PDSI and SPI indices and their 

relation to streamflow in 10 large regions 

of China. Journal of Climate, 23(3), 649-

663. 

https://doi.org/10.1175/2009JCLI2968.1  

 

Zhang, C., Guo, P., & Huo, Z. (2021). Irrigation 

water resources management under 

uncertainty: An interval nonlinear double-

sided fuzzy chance-constrained 

programming approach. Agricultural 

Water Management, 245, 106658. 

https://doi.org/https://doi.org/10.1016/j.ag

wat.2020.106658  

 

Zhang, Q., Li, Q., Singh, V. P., Shi, P., Huang, Q., 

& Sun, P. (2018). Nonparametric 

integrated agrometeorological drought 

monitoring: Model development and 

application. Journal of Geophysical 

Research: Atmospheres, 123(1), 73-88. 

https://doi.org/10.1002/2017JD027448  

 

Zhao, R., Wang, H., Chen, J., Fu, G., Zhan, C., & 

Yang, H. (2021). Quantitative analysis of 

nonlinear climate change impact on 

drought based on the standardized 

precipitation and evapotranspiration index. 

Ecological Indicators, 121, 107107. 

https://doi.org/10.1016/j.ecolind.2020.107

107  

 

https://doi.org/10.1002/joc.4267
https://doi.org/10.1002/met.207
https://doi.org/10.1016/j.jhydrol.2020.125932
https://doi.org/10.1016/j.jhydrol.2020.125932
https://doi.org/10.5194/hess-25-3493-2021
https://doi.org/10.5194/hess-25-3493-2021
https://doi.org/10.1029/2021JD035730
https://doi.org/10.1016/j.jhydrol.2014.10.059
https://doi.org/10.1016/j.jhydrol.2014.10.059
http://www.wmo.int/pages/prog/wcp/agm/meetings/hmndp13/
http://www.wmo.int/pages/prog/wcp/agm/meetings/hmndp13/
https://doi.org/10.2166/nh.2016.214
https://doi.org/10.1175/2009JCLI2968.1
https://doi.org/https:/doi.org/10.1016/j.agwat.2020.106658
https://doi.org/https:/doi.org/10.1016/j.agwat.2020.106658
https://doi.org/10.1002/2017JD027448
https://doi.org/10.1016/j.ecolind.2020.107107
https://doi.org/10.1016/j.ecolind.2020.107107

