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Abstract: The recent increase of droughts in Sindh, Pakistan has had a large impact on the economy and 

environment of the province. Continuous change in patterns of rainfall and hydrological cycles due to 

climate change can potentially accelerate the occurrence of extravagant droughts and affect the availability 

of water resources in the future. This alarming situation makes it necessary to evaluate and estimate the 

vulnerability for planning and management of water resources and identify the well-suited and effective 

mitigation actions to conduct a risk analysis for droughts. The aim of this research is to identify change in 

temporal trends of drought characteristics in Sindh province due to climate change. Initially, at the first 

stage, the changes in appearance and occurrence of droughts were calculated by utilizing the Standardized 

Precipitation Evapotranspiration Index (SPEI) for Climate research unit (CRU) data of Sindh province and 

were analyzed for the past 30 years (1902 - 2015), and Representative Concentration Pathways (RCP) 

climate change situations data of year (2011 - 2099). Second, the variation on the temporal trends of drought 

properties was carried out by utilizing run theory which was used for comparative analysis of drought 

total period, extent, severity, and significance to allow for quantitative evaluation under previous and 

approaching climate conditions. These results determine the severe influence of climate change on drought 

and will help in the planning and management of water resources and drought countermeasures (physical 

control, technical control, administrative and managerial control) to climate change. 

 

Keywords: water resource management; Climate research unit (CRU); climate change; run theory; 

Standardized Precipitation Evapotranspiration Index (SPEI); Representative Concentration Pathways 

(RCP) 

 

 

 

1. Introduction 

Innumerable catastrophes, accelerated by many natural and pollutant reasons, have affected the globe. 

Every occurring hazard tends to be disastrous when it negatively affects the lives of people and their 

resources. From every occurring hazard, droughts are prominent as its impact significantly transcends 

human society. A complex composite of societal and hydrological factors is responsible for the appearance 

of droughts which makes modeling of this phenomenon radically challenging. Drought is one the major 
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natural catastrophe which affects mainly water resources, agriculture productivity, as well as social and 

economic development factors. 

Sindh acts as the hub of agriculture, minerals other natural resources as well as being one of the most 

significant lands in Pakistan, suffering the most extravagant droughts disaster compared to other 

provinces. 

The Natural Disaster Consortium (NDC) comprised of International Organization for Migration (IOM), 

Food and Agriculture Organization of United States (FAO), United Nations Children’s Fund (UNICEF), 

Agency of Technical Cooperation and Development (ACTED) and Health and Nutrition Development 

Society (HANDS) conducted Sindh Droughts Need Assessment (SDNA) in eight districts of Sindh. As 

reflected in the report the drought adversely impacted the agriculture sector (in terms of area under 

cultivation, production of crops, and livestock). The less availability of water reported is attributed to no 

or very less precipitation and persisted dry conditions which are the result of less rainfall and limited or 

no availability of water or irrigation [1]. 

From the assessment of Pakistan National Drought Monitoring Centre (PNDMC), it can be clearly observed 

that extravagant droughts are occurring in most parts of Sindh Province, which is very critical situation for 

the province. This alarming situation makes it necessary to evaluate and estimate the vulnerability for 

planning and management of water resources and identify the well-suited and effective mitigation actions 

to conduct a risk analysis for drought. 

Drought’s common availability has made it easy to define its existence but still, it is very complex that it 

cannot be properly defined in terms of quantity. Many researchers have suggested different indices to 

quantify the droughts by the past years to facilitate quantification and measurement of droughts 

vulnerability. 

In this research, we have used many scientific techniques, equations, coding software to get precise results. 

Initially, at the first stage, the changes in appearance and occurrence of droughts were calculated by 

utilizing Standardized Precipitation Evapotranspiration Index (SPEI). 

Past 20 years (1991-2010) data was analyzed by extracting CRU Data, and Representative Concentration 

Pathways (RCP) scenarios for climate change from the year (2011 - 2099).  

Then, the variations for temporal trends of drought properties was carried out for comparative analysis of 

drought total period, extent, and significance for quantitative evaluation for previous and approaching 

meteorologic conditions. 

Calculated results determine severe connections of change in climate on droughts and will add ease in 

planning and management of water resources and precautions to be made for droughts in advance, that 

will surely help in calculating optimal supply of water to the consumers. 

 

 

2. Study Area and Data Preparation 

 

2.1 Study Area 

With a land of almost 140915 Sq km (54407 sq mi), Sindh Province lies in Pakistan in the domain of 26O21’N 

68O51’E, Sindh (Figure 1) lies in the western corner of South Asia. From East it has Thar Desert and Kithar 

Mountains in West, further in the South it is touching the Arabian Sea. The center of Sindh is fertile plain 

running with Indus River. Geographically in the Pakistan, Sindh is 3rd largest province, covering about 578 

Sq km (360 mi) from North towards South and 443 Sq km (275mi) peak or 282 Sq km (175 mi) average from 

East towards West. 



Sindh Province lies in topical - subtropical regions; its area is very warm in summer and mild in winter. 

The frequent rise in temperature is above 46oC (115oF) in May to August and minimum common 

temperature of 2oC (36oF) happens in December to January at northern and peak regions of province [2]. 

 

 
Figure 1 

 

 

2.2  Data 

 

2.2.1 Historical Data 

 

Data for Potential Evapotranspiration and Precipitation is extracted from the values provided by Climatic 

Research Unit (CRU) at the University of East Anglia (CRU TS 3.24). Monthly time series data of variables 

from 1901 to 2015 is contained in the CRU TS 3.24 dataset at a spatial resolution of 0.5º by 0.5º that is nearly 

56 km to equator. The primary source for data includes weather records from many data publications [2].  

For the estimation of PET using Penman Monteith, water demand of atmosphere and balance for surface 

energy were taken into consideration. As SPEI is calculated by the same way as SPI, however, in addition, 

data for PET is required monthly wise as climate water balance is calculated by SPEI. 

 



2.2.2 Future Data 

Average monthly data of temperature and precipitation of ninety years (2010 - 2099) for the province of 

Sindh was acquired from Numerical Modelling Group of Research and Development Division, Pakistan 

Metrological Department. The climate change scenario data of RCP 8.5 for Pakistan which is downscaled 

data established on IPCC (Intergovernmental Panel on Climate Change) Fifth Assessment Report (AR5) 

[3]. The data is spatially interpolated a 25 x 25- kilometer grid. The calculation of potential 

evapotranspiration is based on the Blaney Criddle Method [4] due to data limitations. 

 

 

 

3 Methodology: 

 

3.1 Standardized Precipitation Evapotranspiration Index (SPEI) 

SPEI requires only data for temperature and precipitation Requiring only precipitation and temperature, 

which facilitates the researchers to evaluate and design the effects of changes in temperature and its 

variability on the drought’s characteristics. SPEI is also known as enhanced version for SPI, that is why the 

process of calculations in SPEI is same as it is in SPI. 

 

3.2  Calculation of Standardized Precipitation Evapotranspiration Index (SPEI) 

Monthly precipitation is needed for the calculation of SPI. However, difference between (PET) and 

precipitation is must for calculation of SPEI. For calculating SPEI the very first step is the estimation of PET 

for that many solutions are provided by scientists like Thornthwaite method (Thornthwaite, 1948), 

Penman-Monteith method and Hargreaves method etc. These methods require different data for 

calculation, among all Thornthwaite method is simple of all as only monthly temperature is needed [5]. 

Furthermore, only the relative temporal variability of PET is required for the calculation of drought index 

which makes the choice of method trivial. After the calculation of PET, the climatic water balance, D, for 

the month i is calculated using the equation below. 

 

𝐷𝑖 = 𝑃𝑖 − 𝑃𝐸𝑇𝑖          (i) 

 

The results of D in Equation (i) are calculated at varying temporal scales. SPEI values can be calculated 

many times by fitting a three-parameter probability assessment. The resultant probability distribution 

function of the D series is given by the following formula. 

 

𝐹(𝑥) = [1 + {𝛼 /(𝑥−𝛾)} 𝛽] −1         (ii)  

 

The SPEI, then, is the standardized value of F(x) and is obtained by the approximation of Abramowitz and 

Stegun (1965) [6] given below.  

 

𝑆𝑃𝐸𝐼 = 𝑊 – (𝐶0+𝐶1𝑊+𝐶2𝑊2) / (1+𝑑1𝑊+𝑑2𝑊2+𝑑3𝑊3)      (iii)  

 

Where,  

 

𝑊 = √−2ln(p) for p ≤ 0.5         (iv)  



 

and C0, C1, C2, d1, and d2 are constants. p is the probability of exceeding a determined D value,  

p = 1 - F(x). If p > 0.5, then p is replaced by 1 – p. The sign of the SPEI is then reversed (Vicente-Serrano, 

Beguería and López-Moreno, 2010) [7]. 

 

So SPEI index, is important for evaluating droughts of many types – due to its multi-scalar character – 

while also incorporating the temporal variability in temperature to reflect the effect of climate change. 

 

 
Figure 2 SPEI Classification 

 

 

 

 

 

 

4 Results and Discussion: 

 

The droughts temporal analysis alarms long-term drought conditions in the Sindh. The SPEI of 3 months 

is displayed in Fig 8, also containing trend line. From the graph it period of dryness and wetness can clearly 

be differentiated. The duration of drought its peak, and drought severity of Sindh is shown in Figs 4-5-6-7. 

 

During the period of research, drought peak in Sindh was above -1.6 as can be seen in Fig g. On the other 

hand, if w looks at Fig 4, it can be observed that longer period droughts and droughts with high severity 

occurred in Sindh. 

 



 
Figure 3  3 Months Historic SPEI 

 

 

 

 
Figure 4 Drought duration 

 

 

 
Figure 5 Drought severity 

 

 
Figure 6a Drought intensity 

 

 
Figure 7  Drought peak 



 

 

 

 
Figure 8 Projected 3 Months SPEI Index of year 2010-2099 

Figure 9 Projected 12 Month SPEI Index of year 2010-2099 

 

 

 

 

 



5. CONCLUSIONS 

Among many natural hazards Drought is very severe hazard that will be extravagant in near future, as 

climate is changing day by day. Sindh Province is also one of the many affected places and is highly 

influenced in context of climate change. That is why, it become necessary to evaluate the pattern of 

droughts in Sindh to design countermeasures effectively. Hence, this research is carried out so that the 

pattern and occurrence of droughts can be analyzed, which will help in the behavioral understanding of 

drought in Sindh. 

Comprehensive study extracts the variability of drought characteristics in Sindh. Due to, some limitations 

in data for research. SPEI is only considered for 3 months, also continent for short term modeling of 

meteorological drought. Also, the SPEI index for drought used in this research was extracted from a 

particular dataset (CRU) of precipitation and other fields related to climate [8]. 
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