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 A meteorological drought study is performed using monthly time scale data from 

three separate locations in southern Sindh, Pakistan. Rainfall and temperature have 

been used to identify the drought. These data were transformed into drought indices 

known as the standardized precipitation evapotranspiration index (SPEI) and 

standardized precipitation index (SPI), which were derived using (the Hargreaves 

equation). In this study, two indices are compared for three separate meteorological 

stations Chhor, Mithi, and Badin where most socioeconomic livelihoods depend 

heavily on water. The SPEI is produced through a simple water balance combining 

precipitation and temperature, in distinction to the SPI, it just considers precipitation. 

In conclusion, our study showed that both indices were capable of detecting droughts 

that fluctuated in time across the reference period of 2004–2021. SPI and SPEI's 

direction of change was similar, however the impact on the drought condition varied. 

SPEI discovered more droughts with longer durations and greater with 13 moderate 

droughts at SPEI-3 for Chhor and Badin Station while Mithi indicated 8 moderate 

droughts during 2004-2021 and SPI-3 indicated 4 moderates for Chhor, Mithi and 

Badin indicated 6 moderate drought. Conversely, SPEI discovered more moderate-

level droughts than SPI, however they were of shorter length and less frequent 

occurrence than the severe to moderate droughts. The findings imply that drought 

characteristics are significantly influenced by temperature variability. 

1. Introduction 

The world's most serious natural disaster is known as 

drought. Having an impact on crop production and 

economic growth, drought is becoming more regular and 

severe as the surface environment changes with 

increasing temperatures. Drought is defined as a lack of 

water that lasts for a long time and has a physical effect 

that lasts until the water content insufficiency is resolved 

[1-4]. Even though the occurrence has been studied on a 

global basis, Sometimes, its local or even regional 

factors remain overlooked. Drought evaluation is 

essential at the regional scale to develop climate change 
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mitigation and adaptation strategies in that area. Drought 

is divided into five main classifications based on the 

characteristic used to define it: agricultural drought, 

hydrological drought, ecological drought, 

meteorological drought, and socio-economic drought 

[5,6]. Whenever meteorological drought affects any 

region, it is followed by hydrological and agricultural 

drought. This research study's main focus is on the lack 

of precipitation and temperature increase that occurred 

before the meteorological drought. The World 

Meteorological Organization (WMO) recommends 

these two basic drought scales which are the SPI and the 

SPEI [7], the SPI index recommended by McKee et al., 

and Vicente-Serrano et al. established the SPEI in 1993 

[8, 9]. The valuable index SPI is used for mapping and 

identifying the drought [10]. Because SPI is 

deterministic, it has an advantage over other drought 

indices in terms of risk and decision analysis. When the 

SPI and SPEI approaches were compared [11], the SPEI 

method was shown to be more accurate. 

When compared to the Percent of Normal (PN) 

approach, [12] discovered that the SPI method is more 

appropriate and trustworthy for analysing drought 

features, with a moderately high correlation coefficient. 

The input parameters for SPEI are surface 

evapotranspiration and precipitation, while precipitation 

is used for SPI computation [13-15]. Because of the rise 

in surface temperature, potential evapotranspiration 

(PET) is increasing, resulting in water scarcity in the 

basin [16]. On a temporal scale, SPEI was more 

responsive to drought assessment than SPI because 

SPEI's conditional probability is larger than SPI's. The 

SPEI and SPI are used in current research and can be 

combined to study drought features. Drought intensity, 

duration, and severity are some of the key drought 

characteristics that have been used to assess drought 

events. The SPI was used to evaluate drought by 

analysing two drought characteristics: duration and 

intensity [17]. A 6-month timeline SPI was used for 

drought evaluation, monitoring, and forecast. SPI is used 

to examine the unique and temporal aspects of 

meteorological dryness over a 12-month period [18]. 

Because of increase in dryness and declines in 

normal and wet occurrences, droughts typically have 

negative SPI values, and several drought indices have 

been employed to characterize and distinguish the 

pattern of rainfall change and drought conditions [19, 

20]. In some situations, droughts may continue for 

several years, resulting in total devastation of agriculture 

and water supplies of the concerned area [21]. The 

beginning and ending points of drought are very difficult 

to assess. A drought may persist for uneven periods. It 

can persist for some time, or it can last for just a few 

months [22]. However, it may remain in place for a long 

period, until the climatic factors return to their normal 

place of action. Like many countries of the world, 

Pakistan also experiences such droughty years mostly in 

the Eastern side of Sindh which is covered by the desert 

of Thar. The primary aim of the research is to determine 

the SPI and SPEI time series for various timeframes 

because the methodology for doing so relies on the 

moving sum of the rainfall series. The area of research 

is considered for the following reasons.  

(A)The area of Tharparkar lies in a very underdeveloped 

parts of Pakistan, therefore, no research had ever been 

conducted for the analysis of droughts. 

(B)The people of this region of Sindh are extremely poor 

and they are thoroughly dependent upon their 

agriculture, so it is highly significant for us to analyse 

the drought in this arid region. 

(C) The region of Tharparkar had been subject to severe 

droughty conditions in the 1980s. The possibility of 

those droughts existed for a longer time. However, the 

severity of 1990s droughts was for a shorter period. As 

this region is subject to frequent short-term droughts it 

is highly necessary for the researcher to conduct a 

thorough investigation in the said region, preserving 

some water for use and early warning before the drought 

comes, with the aid of the government, so that they can 

be prepared to face the drought period in order to protect 

the present and future of the people in that area, as well 

as agriculture, animal lives, and their own lives. This 

study's primary goal is to provide early drought 

warnings to residents in specific areas, and  animal lives 

and agriculture growth in the area of study  and 

researcher will submit this detail to “Pakistan 

Meteorological Department (PMD)”, to take some good 

effort in this area for people lives and for agriculture and 

animals and this is a case study, and since the same work 

has not yet been done on the data which was used in this 

study, that is the key emphasis of this study. 

2. Materials and Methods 

2.1 Study Area 

The Thar Desert, which runs along Pakistan's border 

with India, dominates rural Sindh Province. Tharparkar 

District, one of Sindh's twenty-nine districts, is located 

in-side this region as shown in (Fig.1). The most 

impoverished and isolated district is Tharparkar. 

Drought impacts on Tharparkar District's resources, 

services, and facili-ties due to climate change. Drought's 
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historical and contemporary impact on Tharparkar 

District, as well as local climate and weather trends, 

economic conditions, and broader ramifications for 

Pakistan's development, are all examined in this study. 

Deforestation, loss of biodiversity, air pollution, 

access to clean water to drink, and the effects of a 

changing climate are just a few of the environmental 

difficulties Pakistan faces because of population 

expansion and overpopulation [23]. Communities that 

rely on Pakistan's natural resources are especially at risk. 

The climate is hot, arid, and prone to drought and the 

rainfall is less than 200 millimetres per year [24]. 

Extremes characterize the Thar Desert. It is very hot 

during the day and chilly at night in the summer. The 

days are warm, and the nights are frigid in the winter. 

The sandy ground heats up during the day but cools off 

at night. 

The Tharparkar desert covers around 19,638 km², or 

roughly 20% of Sindh’s total land area. The Tharparkar 

is one of the primary deserts of the Sindh. The summer 

season, which extends from May to October, and the wet 

season, which extends from November to April, were its 

only two distinct seasons. It also lacks a natural 

irrigation system. In winter, everyday temperatures 

range from 13 to 20 0C, while the summer range is from 

21 to 30 0C. It relies on monsoon rains to support 

agriculture, pastured animals, and the numerous little 

communities dotting the rough landscape. The rainy 

season in Pakistan and Tharparkar District is known as 

the monsoon. Agriculture is at a crossroads, with 

ramifications for the industry, drinking water supplies, 

energy generation, and human health. It typically lasts 

from June through September during the summer 

monsoon season, Tharparkar District has around 60% of 

its yearly rainfall. During the monsoon, the months of 

July and August recorded 75% of the precipitation [25]. 

There are seasons when the Thar Desert receives almost 

no rain, sometimes for years at a time. This was true 

between 1999 and 2001, and again between 2014 (PMD) 

[26]. 

Temperatures and precipitation in Tharparkar district 

are directly linked to agricultural production and other 

important aspects of everyday life, such as water access 

and potability. Changes in these trends, as well as 

forecasting future trends, are critical for the district, as 

well as the country because agriculture is so important 

to both the local and national economies. Crop failure, 

caused by severe temperatures and unexpected rainfall 

patterns, has a long-term impact on people from all 

walks of life. Farmers rely on their crops for both food 

and revenue, so any changes in temperature or rainfall 

are doubly crucial to watch. 

Mithi, a town in the Thar Desert, provides context 

with temperature and precipitation data. Rising average 

temperatures and increased evaporation and 

evapotranspiration rates, which result in higher amounts 

of atmospheric water vapor and changes in seasonal 

rainfall patterns, are the most generally considered 

markers of climate change. This is demonstrated by 

Mithi's situation.   

 

(a) (b) 

Fig. 1. (a) Pakistan map and (b) Sindh province, map 

according to the district [27] 

2.2 Climate data 

This study employed data from the Chhor, Mithi, and 

Badin weather stations of the PMD because there aren't 

many networks for measuring rainfall (PMD, 1947). The 

data set consists of maximum, minimum temperature, 

and precipitation variables of monthly time series. The 

base period of data is 2004 -2021 is used to calculate 

using ground station data and direct estimate through 

interpolation (as a function of elevation, longitude and 

latitude) [28], To adjust for data inhomogeneity at every 

station, the station compared with reference time-series 

data from near ground observation stations. The 

Geographical locations of the chosen meteorological 

stations are listed below in table 1.   

Table 1 

Several locations for weather stations and the data's base year 

Selected Region Latitude Longitude Record year 

Mithi ws  24.740 DD 69.800 DD 2004-2021 

Badin ws 24.656 DD 68.837 DD 2004-2021 

Chhor ws 25.513 DD 69.784 DD 2004-2021 

ws = Weather Station, DD=   decimal degrees 
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Data from Karachi PMD has been collected and used 

in this research. Mithi weather station lies in Tharparkar 

region, Badin weather station in Badin Region and 

Chhor weather station lies in Umerkot region all stations 

mentioned in Fig..1 and I received different parameters 

like Precipitation, Maximum temperature, Minimum 

temperature, and more details also mentioned in Table.1. 

There are many other techniques to calculate the PET 

but we have selected a temperature-based empirical 

technique the Hargreaves equation. Hargreaves 

published the equation for PET estimate in 1975. 

𝑃𝐸𝑇 = 0.135𝑅𝑠(𝑇𝑚𝑒𝑎𝑛 + 17.8)                                (1) 

Where 𝑅𝑠 denotes worldwide solar radiation at the 

surface (mm/day) and 𝑇𝑚𝑒𝑎𝑛 denotes the average 

temperature (0C). i.e has the minimum plus maximum. 

Because Rs were not readily available, Hargreaves 

decided that Rs could be calculated using extra-

terrestrial radiation (Ra) and the proportion of probable 

sunshine after analysing climate data and reviewing the 

literature (S). Finally, the predictive form was proposed 

by Hargreaves and Samani (1982): 

𝑅𝑠 = 𝐾𝑅𝑆(𝑅𝑎)(𝑇𝑅0.50)                                                (2) 

TR is the daily temperature range in Celsius degrees 

(TR =Tmax -Tmin; where Tmax is the mean daily 

highest temperature and Tmin is the mean daily 

minimum temperature), and KRS is an empirical 

coefficient fitted to Rs/Ra versus TR data. 

Hargreaves et al. (1985) utilizing KRS =0.16 (a 

number derived from meteorological data from the 

Senegal River Basin) and merging the two preceding 

equations, the following equation was created: 

𝑃𝐸𝑇 = 0.0022𝑅𝑎(𝑇𝑚𝑒𝑎𝑛 + 17.8)𝑇𝑅0.50                   (3) 

However, Hargreaves and Samani (1985) suggested 

that the coefficient be increased to account for peak 

demand months, resulting in the so-called Hargreaves 

equation of 1985: 

𝑃𝐸𝑇 = 0.0023. 𝑅𝑎 . (𝑇𝑚𝑒𝑎𝑛 + 17.8). 𝑇𝑅0.50               (4) 

The method's significance stems from its simplicity, 

dependability, little data requirements, availability of 

computing, and low aridity influence from 

meteorological stations.   

Whereas 𝑇0𝑅 = 𝑇𝑚𝑎𝑥 − 𝑇𝑚𝑖𝑛 (mean maximum 

minus mean minimum temperatures in 0C); 

𝑇0
𝑚𝑒𝑎𝑛𝑖𝑠 

(𝑇𝑚𝑎𝑥−𝑇𝑚𝑖𝑛)

2
; PET and 𝑅𝑎 = same units of 

equivalent water evaporation; 𝑅𝑎= extraterrestrial 

radiation [29-31]. 

 

2.3. SPI and SPEI drought indices  

A comparison of the SPI and SPEI was done to discover 

whether potential evapotranspiration influenced the 

drought index. Between 2004 and 2021, different time 

scales were used for the analysis. Meteorological, 

agricultural, and hydrological droughts are shown by 

different time periods (1, 3-6, and 12 months), 

respectively. We used the SPEI package of the R 

program package, SPI and SPEI were created a free 

statistical computing and graphics environment that 

provides a number of options for computing SPI and 

SPEI, and the SPEI is more appropriate for drought 

monitoring for agricultural purposes than the SPI. [32-

34]. 

2.3.1 Standardized Precipitation Index (SPI) 

The SPI [35] calculates the precipitation deficit over a 

range of timescales (1, 3, 6, 9, 12, and 24 months). It is 

determined as follows: It is based on the cumulative 

gamma distribution of some precipitation occurring at 

the observation post: 

𝐺(𝑥) =
1

𝛽𝑝𝑟𝑜
𝛼𝑝𝑟𝑜

𝛤(𝛼𝑝𝑟𝑜)
∫ 𝑦𝛼𝑝𝑟𝑜−1.𝑒

𝑦

𝛽𝑝𝑟𝑜𝑑𝑦
𝑥

0
                   (5) 
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and 𝑥𝑠𝑟= mean precipitation amount; 𝑛= precipitation 

measurement number; 𝑥𝑖= precipitation quantity in a 

sequence of data. When x equals 0, the cumulative 

probability is as follows: 
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where q is the likelihood that the amount of precipitation 

will be zero. 
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Table 2 

SPI and SPEI drought classification by [9]. 
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and C0=2.515517, C1=0.82853, C2=0.010328, 

d1=1.432788, d2=0.189269, d3=0.001308 For both dry 

and wet SPI, McKee et al. (1995) divided the SPI into 

three categories: moderate, severe, and extreme. In this 

study, meteorological conditions and the impacts of 

drought on available water supplies were tracked for 3, 

6, 9, 12, and 24 months [23-31]. Due to its ability to be 

calculated over several reference periods and to account 

for the different response times of typical hydrological 

parameters to rainfall, SPI equation 7 is frequently used 

to evaluate drought. The SPI now serves as a global 

drought indicator. The index has an advantage over 

other methods of measuring drought in that it can 

describe the incidence of droughts with little assistance 

and over a range of time periods. In addition to 

measuring the severity of a drought or the amount of 

rainfall, it can be used to develop drought/flood 

contingency plans. The SPI is one of the main parts of 

strategic planning because it enables the medium- and 

long-term choices that must be made in order to 

effectively handle prospective drought conditions. 

The fundamental benefit of SPI is the ability to 

compare regional droughts, whereas one of the 

disadvantages of standardized indices is that the severity 

of a drought event is only indicated in relative terms. 

Another drawback of the SPI is that only precipitation is 

considered as an input variable, whereas other 

meteorological variables and factors important in 

assessing drought that are considered in the computation 

of other indices are ignored. 

2.3.2. Standardized Precipitation Evapotranspiration 

The parameters for potential evapotranspiration and 

precipitation determined by (Vi-cente-Serrano, S. M., et, 

al, 2010) are the major components of the SPEI. For the 

purpose of estimating SPEI, the variations between the 

precipitation (Pi) and potential evapotranspiration 

(PETi) throughout month i (Di) were computed and 

averaged at various time scales (Dk). 

iii PETPD −=
                                                         (9) 

𝐷𝑘 = ∑ 𝑃𝑛−𝑖 − 𝑃𝐸𝑇𝑘−1
𝑖=0 𝑛−𝑖

                                      (10) 

where n is the computation month and k is the number 

of months or the interest time scale. The probability 

density function of a three-parameter log-logistic 

distribution is utilized to consider the negative values of 

Dk in the next stage, which is based on the L-moment 

process (since this method is the most robust and easy 

approach [36]. 
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where f  for density,  k, λ, and  μ are scale, shape, and 

origin parameters for Dk values in the range (λ > Dk < 

∞); 𝑤𝑙 (𝑙 =  0, 1, 2, … ) is the order of probability 

weighted moments (for example 𝑤𝑙 is probability 

weighted moments for order l); xi is the ordered random 

sample (x1<x2 … <xn) of Dk; and n is the sample size. 

The cumulative distribution function of the Dk series, 

according to the log-logistic distribution [9], is as 

follows: 

𝐹(𝑥) = [(1 +
𝑘

𝑥−𝜇
)

𝜆
]

−1

                                           (12) 
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Finally, the resulting 𝐹(𝑥) values are translated into 

matching Z-standardized normal values to calculate 

SPEI. Table 2 lists the classification of drought severity 

based on SPEI [28]. 

2.4. Drought Identification 

Both the SPI and SPEI scales are used to characterize 

droughts (McKee et al., 1993). Because both indexes are 

calculated using the same concepts, the SPI scale is 

employed. The SPI/SPEI index scale as follows: 

extreme drought ≤ −2, severe drought lies in −2 ≤

𝑆𝑃𝐼, 𝑆𝑃𝐸𝐼 < −1.5 and moderate drought −1.5 ≤

𝑆𝑃𝐼, 𝑆𝑃𝐸𝐼 < −1 It's worth noting that drought ends 

when the SPI/SPEI approaches 0 and turns positive. In 

this study, the length of the drought is determined by 

how many months it lasted, while the intensity of the 

indicators reflects the severity of the drought. The 

Pearson correlation coefficient, r, is used to analyse 

whether the SPI and SPEI depict the same pattern 

(regardless of magnitude). It shows how well the two 

indexes are statistically related to one another. At a 95% 

and 90% confidence level, this coefficient determines if 

the indices have a linear connection. The relationship 

coefficient (R) is a value between +1 and -1, where +1 

indicates a perfect positive relationship, 0 indicates there 

is no relation, and -1 indicates a perfect negative 

relationship. The magnitude of the correlation indicates 

the relationship's intensity, with a R value of 0.5 

indicating a strong association (Taylor, 1990). The 

following formula is used to determine R:  

                             (13) 

Where 𝑛 is the number of observations, and 𝑥 and 𝑦 

are the SPI and SPEI values, respectively, for this 

research [30]. 

3. Simulation and Results 

The SPEIs and SPIs for the various sub-basins were 

created and displayed monthly in Fig. 2-3 and yearly in 

Fig. 4-6 to show the temporal fluctuation of drought in 

the southern Sindh on various time scales (3, 6, 9 and 12 

months). In general, and throughout each sub-basins, 

both in-dices show the same pattern of variation for all 

period, but the length and severity of the drought vary. 

Due to the region's significant natural climatic change, 

which is typical of the southern Sindh region, drought 

variability possibly connected to it. And their time scales 

pattern also demonstrated in Fig. 7-9 Moreover, the 

frequency of occurrence of droughts is no significant 

association is found between residuals in Fig.10-12 and 

the normally distributed Normal Q-Q plot of residuals 

for the SPEI and SPI at variable time scales have been 

characterized, a meteorological drought takes a quicker 

time (at most 3 month) to develop due to prevailing 

water scarcity, resulting in extreme variability of 

droughts. A meteorological drought, whereas the other, 

requires a extensive time of water shortage 

accumulation or reduction of reservoir water storage. As 

a result, meteorological droughts (3-month time scale) 

are the most common, followed by agricultural droughts 

(3–6-month time range) and finally hydrological 

droughts (12-month time scale). The drought, on the 

other hand, lasts longer and has a greater magnitude at 

longer timescales. Given that most crops require up to 6 

months to fully develop, a water shortage lasting at least 

3 months during the producing season will negatively 

influence negative influence on crop production, leading 

to agricultural drought. Because drought changes over 

time, it's reasonable to in-fer that prolonged drought on 

longer timescales is the consequence of the cumulative 

impacts of antecedent water scarcity, it might be made 

worse by determined and ongoing periods of drought. A 

change in seasonal rainfall patterns that prevents rainfall 

and affects activities that depend on the beginning of a 

rainy season can also cause a drought. 

There were obvious discrepancies in certain years 

and across timelines between SPI and the SPEI. In SPEI, 

droughts lasted longer; the length of the drought 

lengthens as the number of droughts in the annually time 

series increases. SPEI and SPI categorize conditions as 

drought when water evaporation rises as a result of a 

increase in temperature.  

In the Fig. 2, there are three stations Mithi, Badin and 

Chhor’s drought index is calculated are shown in green 

colour for Badin, Yellow for Mithi and orange colour for 

Chhor station. And in the x-axis shows the years and y-

axis indicates the index values. The drought is observed 

to occur from June to November for all stations, Mithi 

station shown moderate drought in the month of June, 

July and August, Badin stations shows moderate drought 

in July and august and severe in September and October, 

Chhor station shows moderate drought in June and July 

and severe in August in 2014. 

Three distinct stations are marked in various colours 

like orange for Chhor, Yellow for Mithi and green for 

Badin station in Fig. 3. And in the x-axis shows the years 

and y-axis indicates the index values. The drought is 

observed to occur from May to November for all 

stations, Mithi station shown moderate drought in the 

month of June August and in September, and severe in 

the months of April and May, Badin stations shows 
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moderate drought in June, July and August and severe 

in April, May and December, Chhor station shows 

moderate drought in April, May, June July and August. 

Fig. 4-6 presents SPEI and SPI drought condition 

plots for the Chhor, Mithi and Badin Station over 

various time scales from 2004 to 2021. The x-axis shows 

number of years and Y-axis shows moderately index 

SPEI and SPI. The red colour signifies a drought, while 

the blue colour signifies no drought. 

Fig. 7-9 display the SPEI and SPI time series plots 

for the Chhor, Mithi, and Badin Stations for various time 

scales from 2004 to 2021. The x-axis shows number of 

years and Y-axis shows moderately index SPEI and SPI.  

There are many droughts that occur in this region, as is 

evident from the time series plot above, and some of 

them are especially clear from the graph for the periods 

of 2005 to 2006, 2014 to 2016, and 2019 to 2020, which 

have more drought. It is also observed for all the stations 

that there is high rain during the periods 2006 to 2007 

and 2011 to 2012, so less drought occurs during those 

times. 

SPEI and SPI at the Chhor, Mithi, and Badin Station 

Fig. 10–12 display normal distribution graphs for 

various time scales from 2004 to 2021. And it is noticed 

across all available stations. For all stations, SPEI is 

more normally distributed than SPI, while shorter time 

scales like 3 and 6 months indicate a more normal 

distribution than 9 and 12 months. 
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Fig. 2. Monthly drought conditions at the SPI index for Chhor, Mithi, and Badin stations from January 2004 to December 2021.
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Fig. 3. Monthly drought conditions at the SPEI index for Chhor, Mithi, and Badin Stations from January 2004 to December 2021.
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Chhor SPEI 

 

(a) 

Chhor SPI 

 

(b) 

Fig.4. (a) SPEI drought condition (b) SPI drought condition, at different times periods of Chhor station from 2004 to 2021 
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Mithi SPEI 

 

(a) 

Mithi SPI 

 

(b) 

Fig. 5. (a) SPEI drought condition (b) SPI drought condition, at different times periods of Mithi Station from 2004 to 2021 [37] 
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Badin SPEI 

 

(a) 

Badin SPI 

  

(b) 

Fig. 6. (a) SPEI drought condition (b) SPI drought condition, at different times periods of Badin Station from 2004 to 2021
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Chhor SPEI 

 

(a) 

Chhor SPI 

 

(b) 

Fig. 7. (a) SPEI time series (b) SPI time series graph, at different time scales of Chhor Station from 2004 to 2021 
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Mithi SPEI 

 

(a) 

Mithi SPI 

 

(b) 

Fig. 8. (a) SPEI time series (b) SPI time series graph, at different time scales of Mithi Station from 2004 to 2021 
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Badin SPEI 

 

(a) 

Badin SPI 

 

(b) 

Fig. 9. (a) SPEI time series (b) SPI time series graph, at different time scales of Badin Station from 2004 to 2021
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Chhor SPEI 

 

(a) 

Chhor SPI 

 

(b) 

Fig. 10. (a) SPEI Normal Q-Q plot (b) SPI Normal Q-Q plot, at different time scales of Chhor Station from 2004 to 2021 
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Mithi SPEI 

 

(a) 

Mithi SPI 

 

(b) 

Fig. 11. (a) SPEI Normal Q-Q plot (b) SPI Normal Q-Q plot, at different time scales of Mithi Station from 2004 to 2021 
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Badin SPEI 

 

(a) 

Badin SPI 

 

(b) 

Fig. 12. (a) SPEI Normal Q-Q plot (b) SPI Normal Q-Q plot, at different time scales of Badin Station from 2004 to 2021
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Table 3 

Month-by-month drought for Chhor Station 

Chhor Station SPEI and SPI different Time Scale drought categories 

  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec ∑  

SPEI-3 

Sev 1           1 2 

Mod 1 1 2 1 3 1  1 1 1  1 13 

Ext 1           1 2 

SPI-3 

Sev        1     1 

Mod       1 1 1 1   4 

Ext        1     1 

SPEI-6 

Sev   1   1       2 

Mod  1 1 1 1 1 1 1 1 2 2 1 13 

Ext   1   1       2 

SPI-6 

Sever             0 

Mod  1    1 1 1  1 1 1 7 

Ext             0 

SPEI-9 

Sev      1       1 

Mod 2 2  1 1 1  1 1 1 1 1 12 

Ext      1       1 

SPI-9 

Sev      1  1     2 

Mod 1 1 1  1 1 2 1  1 1 1 11 

Ext      1  1     2 

SPEI-12 

Sev             0 

Mod 0 1 1 1 1 1 1 2 2 1 1 1 13 

Ext             0 

SPI-12 

Sev        1     1 

Mod 1 1  1 1 1  1 1 1 1 2 11 

Ext        1     1 

 ∑  7 8 7 5 8 13 6 15 7 9 7 10 102 

Mod = Moderate, Ext = Extreme, Sev = sever, Jan= January, Feb = February, Mar = March, Apr =April, , Aug = August, 

Sep = September, Oct = October, Nov = November, Dec = December, ∑ = Sum   
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Table 4 

Month-by-month drought for Mithi Station 

Mithi Station SPEI and SPI different Time Scale drought categories 

  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec ∑  

SPEI-3 

Sev              

Mod 1   1 2 1 1  1  1  8 

Ext              

SPI-3 

Sev              

Mod      1   1 1 1  4 

Ext              

SPEI-6 

Sev 1        1  1 1 4 

Mod 1 1 1 1 1  1  1  1 1 9 

Ext 1        1  1 1 4 

SPI-6 

Sev             0 

Mod      1 1   1 1 1 5 

Ext             0 

SPEI-9 

Sev 1 1 1      1    4 

Mod 1 1 1 2 2  1 1 1    10 

Ext 1 1 1      1    4 

SPI-9 

Sev             0 

Mod 1  1       1 1 1 5 

Ext             0 

SPEI-12 

Sev 1 1 1 1 1 1       6 

Mod 1 1 1 1 1 1  1     7 

Ext 1 1 1 1 1 1       6 

SPI-12 

Sev       1      1 

Mod 1 1 1 1 1 1  1 1 1 1 1 11 

Ext             0 

 ∑  12 8 9 8 9 7 4 3 9 4 8 6 87 

Mod = Moderate, Ext = Extreme, Sev = sever, Jan= January, Feb = February, Mar = March, Apr =April, , Aug = August, 

Sep = September, Oct = October, Nov = November, Dec = December, ∑ = Sum   
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Table 5 

Month-by-month drought for Badin Station 

Badin Station SPEI and SPI different Time Scale drought categories   

  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec ∑  

SPEI-3 

Sev            1 1 

Mod 1 1 2 1 3 1 1  1 1 1 1 14 

Ext            1 1 

SPI-3 

Sev          1   1 

Mod       1 2 1 2   6 

Ext          1   1 

SPEI-6 

Sev  1           1 

Mod  1 2 2 1 1 1 1 1 2 1 1 14 

Ext  1           1 

SPI-6 

Sev 1            1 

Mod 2 1      1 1 1 1 1 8 

Ext 1            1 

SPEI-9 

Sev             0 

Mod 2 1 1 1 2 1 1 1 2 2 2 2 18 

Ext             0 

SPI-9 

Sev    1  1       2 

Mod 1 1  1 1 1 2 1 1 1 1 1 12 

Ext    1  1       2 

SPEI-12 

Sev         1    1 

Mod 2 1 1 1 1   2 2 2 2 2 16 

Ext         1    1 

SPI-12 

Sev       1      1 

Mod 1 1 1 1 1  1 2 1 1 1 1 12 

Ext       1      1 

 ∑  11 9 7 9 9 6 9 10 12 14 9 11 116 

Mod = Moderate, Ext = Extreme, Sev = sever, Jan= January, Feb = February, Mar = March, Apr =April, , Aug = August, 

Sep = September, Oct = October, Nov = November, Dec = December, ∑ = Sum  
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Tables 3-5 summarize the main characteristics of the 

drought for the selected station for each month from 

2004 to 2021. The last column on the right side of each 

table and the end of the last row of each table display the 

total number of droughts. 

Table 6 

The correlation coefficient for the Chhor station on 

various time scales 

 

Table 7 

The correlation coefficient for the Mithi station on 

various time scales 

 

Table 8 

The correlation coefficient for the Badin station on 

various time scales 

 

Tables 6–8 present descriptions of the correlation 

coefficients between SPEI and SPI with 90% and 95% 

confidence intervals for the stations in Chhor, Mithi, and 

Badin. The SPI and SPEI have a statistically significant 

positive correlation, as shown by the stations' R-values, 

which are all greater than 0.5. 

4.  Conclusion, Limitation and Future 

Recommendation  

This study investigated on the efficiency of SPI and 

SPEI to identify droughts. SPI is a measure based on 

rainfall, but SPEI includes temperature as well. The 

various timescales indicated different types of droughts, 

and both indices were able to separate them as well as 

their temporal variability. During the study's 2004–

2021, time frame, SPEI saw more severe and moderate 

droughts than SPI. The SPEI experienced droughts that 

were larger and more prolonged, although not being 

immediately apparent. This is brought on by 

temperature-related increase in potential 

evapotranspiration, which raise the evaporation water 

needs and cause a water shortage. When temperature 

and precipitation were considered, SPEI found more 

severe droughts than SPI. According to research by SPI 

and SPEI, precipitation and temperature are the main 

factors that contribute to drought. The findings indicate 

that SPEI and SPI exhibit lesser correlation across 

shorter time scales, indicating that the indices are able to 

identify incongruous frequencies. Stronger correlations 

are found over longer time periods, are when it is most 

important to take evapotranspiration into consideration. 

Unfortunately, Southern Pakistan, the area of this 

study's focus for the Tharparkar region of Pakistan, only 

has one meteorological station, which is located at Mithi 

and was installed in 2004. The oldest station in Pakistan 

is located in Badin. However, we chose the period for 

comparison of the results by which we obtained data 

from the stations, so this is a limitation of our study. 

In terms of drought, the link between climate change 

and the water resources now available in Tharparkar is 

really pressing. Therefore, avoiding the expected 

drought conditions in the Tharparkar region is crucial 

and should be considered as an important future study. 

Unfortunately, our study was limited by the fact that 

there is only one weather station in Tharparkar, Province 

Sindh, Pakistan, and that station is in Mithi. This 

research can then be extended in the future with new 

models and more data. 
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