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Abstract: Investigation of spatiotemporal precipitation trends from a climate change perspective
is essential, especially in those regions with rainfed agriculture in order to propose sustainable
adaptation schemes. Some restrictive assumptions may hinder the efficacy of trend detection methods,
so it could be supported with variability analysis to have a clear picture of the spatiotemporal
precipitation dynamics rather than focusing on a single approach. Hence, in the current study, a
spatiotemporal dynamic analysis of precipitation was carried out using trend detection methods (the
innovative trend analysis method and Mann–Kendall test) and statistical indices (the consecutive
disparity index, entropy-based variability index and absolute inter-variability index) in the southwest
arid region of Pakistan. The results indicated that based on the monthly, annual and seasonal time
series, no systematic precipitation pattern was observed across the whole study region. However, on
average, an increasing trend was observed in the east plateau while decreasing in the west plateau.
The variability analysis also signposted the higher variability in the case of the western plateau and
coastal area compared to the east plateau. Based on the seasonal analysis, it was concluded that, on
average, precipitation in the winter and spring season goes on decreasing with higher variability
while a mixture of increasing and decreasing trends resulted for summer and autumn. Conclusively
the study found that precipitation in the study area is more erratic and its behaviour abruptly changed
over a short distance. Moreover, discrepancies and inconstancies were found in the selected trend
detection approaches and variability indices. The results also indicated that climate change is going
to seriously affect the region as a decreasing trend prevails in most of the cases and stations.

Keywords: innovative trend analysis; variability indices; precipitation; arid region

1. Introduction

An understanding of the characteristics of precipitation at the regional scale is essential for
evaluating the interaction between different components of the hydrological cycle [1], as well as for the
assessment of water demand, sustainable agriculture, water resources management and mitigation of
floods and drought [2]. The monitoring of rainfall patterns at a continuous level is also vital to get a
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comprehensive understanding of climate variability; however, the investigation of regional precipitation
variability is complex because it could be more erratic with significant spatiotemporal variation in the
same region [3,4]. Generally, trend analysis methods and variability indexing approaches are used for
the spatiotemporal analysis of precipitation dynamics at a regional and global scale [5,6].

Two types of trend analysis techniques, namely non-parametric and parametric approaches, are
commonly used to define the characteristics of parameters to be analysed. Highly accurate, continuous,
normally distributed and independent data are generally required for the parametric tests, which is
often available in developing countries like Pakistan. On the other hand, non-parametric trend analysis
has gained much popularity and attention in different climate change-related studies, just because
of their accuracy, flexibility and repeatability [7–9]. Linear regression [10], Spearman’s rho test [11],
cumulative sum based trend analysis approach [12], Mann–Kendall trend analysis approach [13] and,
recently, an innovative trend analysis approach [14], are few of the non-parametric methods reported
in the literature. For example, significant numbers of studies have been carried out to detect monthly,
annual, and seasonal precipitation trends using the non-parametric Mann–Kendall test with the
combination of Spearman’s Rho tests [15–18]. However, this method has some restrictive assumptions,
e.g., time series length, seasonal cycle, serial indecencies and normality of time series distribution,
but is still an effective and universally used trend detection method. In contrast, an innovative trend
analysis approach [19] is simple and have the advantage of detecting a sub-series trend by graphical
representations, but remaining outlier sensitive. An innovative trend analysis approach has been
effectively applied to various water resources applications [14,19–21].

Generally, the trend analysis methods ignore the consecutive order of the numerical values;
however, the chronological order provides a better illustration of the temporal behaviour of variables
to be considered. For example, any precipitation series with a chronological order, and the same series
with sorted values in descending or ascending order would have the same coefficient of variation, but
climatic meanings could differ. The presence of extreme events, outliers and restrictive assumptions
can also influence the efficiency of these methods. Moreover, using different approaches enable to
have a clear indication of the spatiotemporal precipitation dynamics rather than focusing on a single
approach. Hence, solely focusing on the ordered trend analysis methods may mislead and, therefore,
should be supported with variability analysis to understand the temporal irregularity better. The
variability analysis is statistically expressed both in relative and absolute terms [22] to examine the
temporal anomalies of precipitation by keeping in view the consecutive order of the precipitation time
series. The absolute statistical indices (e.g., standard deviation, absolute inter-annual variability and
mean absolute deviation) could provide the degree to which precipitation amounts change across
a region or over a timescale. Conclusively, variability indices in combination with trend analysis
methods should be used to have a better understanding of precipitation in a specific region.

Like other parts of the worlds, a significant number of studies (Table 1) have been carried out
to analyse the precipitation pattern in Pakistan and concluded that the precipitation regime all over
Pakistan is more erratic and mainly controlled by the monsoon season [23]. The salient feature and
findings of the studies performed in Pakistan are provided in Table 1. The scientific literature review
showed that most of the studies were carried out using the Mann–Kendall test with a few studies
using simple linear regression. Based on the literature discussions, a mixture of increasing as well as
decreasing trends were observed, which indicates the need for further investigation. In addition to
that, up to best of the authors’ knowledge, none of the studies used absolute statistical indices, e.g.,
the percentage of annual variability, relative variability index and precipitation concertation index, to
explore a chronological sequence of values and to assess the average rate of change among consecutive
values over the different regions of Pakistan. A large number of studies have been conducted in
the northern area, especially Himalaya and Hindu Kush-Karakoram, while the southwest region
of Pakistan is still deprived of any comprehensive research. The southwest region of Pakistan is
generally categorised as the drought-prone arid agricultural region of the country and most vulnerable
to hydrological hazards. It is also expected that due to climate change, water scarcity and drought
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situations could increase in this region in the 21st century. The precipitation of the southwest region is
sparser, erratic and widely varies over a small distance. More than 85% of the population of this region
lives in rural areas, who mainly depend on agriculture as their source of income and rangelands as a
source of livestock feed. So, any climatic variation in the region can adversely disturb the population
and livestock. Therefore, for mitigation and adaption planning, urgent attention is needed to assess the
current and future dynamics of the meteorological variable in the region. Thus, the present study covers
the southwest part of the country for analysing the precipitation dynamic at a monthly, annual and
seasonal scale using an innovative trend approach, the Mann–Kendall method and variability indices.

Table 1. Review of the literature regarding precipitation variability analysis in Pakistan (MK:
Mann–Kendall; LR: Linear Regression).

Sr # By Region Approach Finding

1 [24] Punjab, Pakistan MK No considerable trend was identified

2 [25] Himalaya Region MK An increasing trend in annual precipitation

3 [26] Himalaya and Hindu
Kush-Karakoram MK The overall decrease in trend except for

1 basin

4 [27] Himalaya region MK with moving
window, LR

Precipitation substantial increase at 1 out of
4 station

5 [28] Hindu Kush-Karakoram region LR and MK Rise in annual precipitation during
1901–2010

6 [29] Himalaya and Hindu
Kush-Karakoram MK Increasing precipitation trend in annual

and monsoon season

7 [30] Himalaya and Hindu
Kush-Karakoram MK and LR The decreasing trend in the wet day and

inclination in precipitation intensity

8 [31] Swat River MK and
Spearman’s rho test A mix of increasing and decreasing trends

9 [32] Himalaya and Hindu
Kush-Karakoram MK Positive variation in rainfall extreme

resulted in some regions

10 [33] Himalaya and Hindu
Kush-Karakoram MK A mixture of the trend at 5 selected station

11 [34] Himalaya and Hindu
Kush-Karakoram LR Increase in intensity, while a decrease in the

frequency of heavy rainfall

12 [35] Himalaya and Hindu
Kush-Karakoram LR Increasing precipitation trend at 1 station

while decreasing at two stations

13 [36] Three stations of Balochistan MK Decreasing trend direction on an annual
and seasonal basis

14 [37] 30 stations from all over
Pakistan with three from west

ANOVA Dennett
T3

A decrease in precipitation trends at the
rate of 1.18 mm/year at three stations
during 1961–1999

15 [38] Himalaya and Hindu
Kush-Karakoram MK

The decrease in winter and annual
precipitation and an increase in monsoon
precipitation

16 [39] Indus Basin of Pakistan MK test No significant trend was observed.
However, increase in mean precipitation

17 [40] Sub-Himalayan region of
Pakistan Modified MK test Increase in extreme precipitation and dry

days

18 [41] Upper Indus Basin of Pakistan MK test and ITA A mixture of increasing and decreasing
trend in precipitation extreme

2. Materials and Methods

2.1. Study Area

The southwest region of Pakistan mainly consists of the largest provinces (by area) of Pakistan, i.e.,
Balochistan and the southern part of Sindh (Figure 1, upper left). It is covering an area of 247,190 km2,
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which is contributing 43.6% of the total landmass in Pakistan. It has a peculiar geomorpho-climatic
location, including deserts, dry land, mountainous ranges, inland water bodies, woodland forests,
forest, grassland and coastal plains. The mean sea level varies from −52 to 3552 m (Figure 1, lower
left). The climate of the analysed region is continental, i.e., hot summers and cold winters in the
upper highland area, while subtropical (warm summers and mild winters) in lowland and flat regions.
The southwest region generally covers arid to hyper-arid areas with variable and scanty rainfall
and experience erratic behaviours of extreme events. The average annual precipitation ranges from
100 mm (in low land and plain region) to 400 mm (in the highland region) with a maximum recorded
temperature of 52 ◦C. Climate change has a significant social implication in most of the Southwest,
mainly coastal areas, and it could cause an extreme hazard development if it remains unmanaged.
Initially, the selected region is divided into the east plateau, west plateau and coastal area based on
geographical locations. The Pakistan meteorological department has started monitoring climate change
and variables associated with climate change indicators by installing a gauge station in a different part
of the Southwest region; however, they are characterised by an insufficient and low gauge density
due to complex terrain and social issues. So, for the better illustration of precipitation variability in
the different climatic zone, we selected a total of thirteen (13) rain gauge stations (Figure 1, right, and
Table 2). During the selection of stations, the quality and continuity (no missing information) of rainfall
data was insured to avoid any misleading results.

Sustainability 2020, 12, x FOR PEER REVIEW 5 of 19 

2. Materials and Methods  

2.1. Study Area 

The southwest region of Pakistan mainly consists of the largest provinces (by area) of Pakistan, 
i.e., Balochistan and the southern part of Sindh (Figure 1, upper left). It is covering an area of 247,190 
km2, which is contributing 43.6% of the total landmass in Pakistan. It has a peculiar geomorpho-
climatic location, including deserts, dry land, mountainous ranges, inland water bodies, woodland 
forests, forest, grassland and coastal plains. The mean sea level varies from −52 to 3552 m (Figure 1, 
lower left). The climate of the analysed region is continental, i.e., hot summers and cold winters in 
the upper highland area, while subtropical (warm summers and mild winters) in lowland and flat 
regions. The southwest region generally covers arid to hyper-arid areas with variable and scanty 
rainfall and experience erratic behaviours of extreme events. The average annual precipitation ranges 
from 100 mm (in low land and plain region) to 400 mm (in the highland region) with a maximum 
recorded temperature of 52 °C. Climate change has a significant social implication in most of the 
Southwest, mainly coastal areas, and it could cause an extreme hazard development if it remains 
unmanaged. Initially, the selected region is divided into the east plateau, west plateau and coastal 
area based on geographical locations. The Pakistan meteorological department has started 
monitoring climate change and variables associated with climate change indicators by installing a 
gauge station in a different part of the Southwest region; however, they are characterised by an 
insufficient and low gauge density due to complex terrain and social issues. So, for the better 
illustration of precipitation variability in the different climatic zone, we selected a total of thirteen 
(13) rain gauge stations (Figure 1, right, and Table 2). During the selection of stations, the quality and 
continuity (no missing information) of rainfall data was insured to avoid any misleading results.  

 
Figure 1. Relative location of the study area and meteorological stations. 

  

Figure 1. Relative location of the study area and meteorological stations.



Sustainability 2020, 12, 2305 5 of 18

Table 2. Salient features of the selected stations in a southwest arid region of Pakistan.

Stations Long Lat Elevation (m) Record Period Record Length (Years)

Barkhan 69.52 29.90 1097 1990–2018 29
Dalbandin 64.40 28.89 848 1981–2018 38

Jiwani 61.77 25.05 56 1981–2018 38
Kalat 66.59 29.05 2015 1981–2018 38

Khuzdar 66.61 27.82 1231 1981–2018 38
Lasbella 66.71 25.87 87 1981–2018 38

Nokkundi 62.75 28.83 682 1981–2018 38
Panjgur 64.15 26.73 968 1981–2018 38
Quetta 66.96 30.25 1626 1981–2018 38
Sibbi 67.88 29.55 133 1981–2018 38
Zhob 69.47 31.35 1405 1981–2018 38

Haiderabad 68.42 25.38 30 1981–2018 38
Karachi 66.93 24.90 11 1981–2018 38

2.2. Trend Analysis Approaches

To understand the current water resource developments in a region, it is necessary to find out the
existence of a trend in meteorological variables. The non-parametric Mann–Kendall test [42,43] and the
innovative trend analysis method were used to detect possible changes and trends in the precipitation
series. The details of these approaches are given below.

2.2.1. Mann–Kendall Test

The Mann–Kendall test is commonly used for identifying trends in precipitation data series,
because of its insensitivity to outliers, high degree of quantification and wide range [44]. The MK test
tests whether to reject the null hypothesis (H0), i.e., “no trend”, or accept the alternative hypothesis
(Ha), i.e., “the trend exists”. The MK test statistic S is as mentioned in Equation (1). A positive value of
S shows an increasing trend, while the negative value of S signposts a decreasing trend.

S =
n−1∑
k=1

n∑
k+1

sgn
(
x j − xk

)
(1)

sgn(x j − xk) =


−1 i f : (x j − xk) < 0
0 i f : (x j − xk) = 0
1 i f : (x j − xk) > 0

(2)

whereas n signifies the total numbers of observations in the time series, x j and xk are sequential values
at time j and k; sgn represent the sign function.

The standardised test statistic Z (Equation (3)) is used to evaluate the significance of the trend in
the data series.

Z =


S−1√
σ2

S

i f : S < 0

0 i f : S = 0
S+1√
σ2

S

i f : S > 0
(3)

where σ2
S represents the variance of S (Equation (5)) and the mean value of S is represented by E(S):

E(S) = 0 (4)

σ2
S = n(n− 1)(2n + 5) −

p∑
k=1

tk(tk − 1)(2tk − 1)/18 (5)
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whereas p represents the tied group, tk represents the total number of observation kth group.
The calculated standardized test statistic (Z) follows a normal distribution (mean = 0 and variance

= 1). The positive and negative value of Z indicates the trend direction in the time series. This test
statistic is used to test the null hypothesis using the significant level α (here at 5%) and the p-value. If
the p-value < the significant level α, and |Z| ≤ Zα/2, then reject the null hypothesis.

In the current study, the MK test was applied by following the given steps to avoid any misleading
results:

(1) Initially, the homogeneity test, i.e., Standard Normal Homogeneity Test (SNHT) and Buishand
test was applied to test for homogeneity in the precipitation series [31].

(2) Then, Lag 1 autocorrelation was computed to check whether the selected precipitation series are
serial independent or not at the 5% significance level.

(3) If applicable, the data with a serial correlation was detrended, and a new blended series was
obtained using a trend-free pre-whitening test (TFPW) as proposed by [16].

(4) Lastly, the standardised test statistic Z (Equation (3)) was then applied to check the significance of
the trend at the 5% significance level.

2.2.2. Innovative Trend Analysis

The innovative trend analysis method (Hereafter IM) (Figure 2) was recently developed and used
to detect trends in a hydrometeorological time series [19]. The IM method is quite simple as compared
to the Mann-Kendall test. The main steps involved in the IM method is as follows:

(1) Dividing the selected hydrometeorological time series (x = x1, x2, x3, . . . . . . . . . , xn) into two equal
halves (i.e., xi = x1, x2, x3, . . . . . . . . . , xn/2 and x j = x(1+n/2), x2+n/2, x3+n/2, . . . . . . . . . , xn).

(2) Arranging the subclasses independently in an ascending order.
(3) Then, by using ordered data, a 1:1 scatter plot was drawn by plotting the 1st half

x1, x2, x3, . . . . . . . . . , xn/2) on the x-axis and the 2nd half (x(1+n/2), x2+n/2, x3+n/2, . . . . . . . . . , xn) on
the y-axis.

(4) A straight line 1:1 (45◦ line) was then drawn on the same graph.
(5) If the scatter data points lie below (above) the straight line, i.e., 1:1 (45◦ line), then there will be a

decreasing (increasing) trend in the selected hydrometeorological time series. Similarly, if all the
data points lie on the straight line, then no trend exists in the time series.

(6) The trend magnitude (hereafter ITA) in a time series could be estimated by the average difference
between two halves as given below:

ITA =
1
n

n∑
i=1

10
(
x j − xi

)
x

(6)

where ITA = trend indicator, n = total number of the data point in subseries, x j = second half
time series, xi represents 1st half time series, x is average of time series in the 1st half and ten is
multiplied to the indicator to scale the matching and direct comparison with the MK test [19]. A
positive ITA shows an increasing trend, whereas a negative ITA represents a decreasing trend.



Sustainability 2020, 12, 2305 7 of 18

Sustainability 2020, 12, x FOR PEER REVIEW 8 of 19 

multiplied to the indicator to scale the matching and direct comparison with the MK test [19]. A 
positive ITA shows an increasing trend, whereas a negative ITA represents a decreasing trend.  

 
Figure 2. A detailed description of the innovative trend analysis method (IM). 

2.3. Precipitation Variability Indices 

The essential characteristics of the climatic variability of a region are the degree at which 
precipitation varies across the region or with time. To understand the precipitation variability, several 
indices have been used and analysed. Commonly used measures of variability in precipitation, e.g., 
standard deviation, could be interpreted for the manifestation of climate and weather analysis and 
to design specific local adaptation intrusion. In the current study, we used the consecutive disparity 
index (S), absolute inter-variability (IV) index and entropy-based variability index (D). The details 
are as follows: 

2.3.1. Consecutive Disparity Index (S) 

S is a variability index, generally used to assess internal variability in a highly irregular data 
series [45]. S is calculated as  

1
1

1

1 ln
1

n
i

i i

PS
n P

−
+

=

 
=  −  

  (7) 

where iP  and 1iP+ is the value of a variable at a time interval i  and 1i + , and n is the length of 
series.  

A constant K is added to the time series to evade any kind of indeterminate numerical (division 
with a negative value or zero): 

1
1

1

1 ln
1

n
i

i i

P kS
n P k

−
+

=

 +=  − + 
  (8) 

  

200 300 400 500 600 700 800 900 1000
200

300

400

500

600

700

800

900

1000

1st half of time series (Xi)

2n
d 

ha
lf 

of
 ti

m
e 

se
rie

s (
Xj

)

Increasing 
trend region

Decreasing 
trend region

xixi

Xj

Xj

Xj- Xi

Xj- Xi

+10%

-10%

Without Trend 1:1 (45o) Line

With +10% and -10% Line

Figure 2. A detailed description of the innovative trend analysis method (IM).

2.3. Precipitation Variability Indices

The essential characteristics of the climatic variability of a region are the degree at which
precipitation varies across the region or with time. To understand the precipitation variability, several
indices have been used and analysed. Commonly used measures of variability in precipitation, e.g.,
standard deviation, could be interpreted for the manifestation of climate and weather analysis and
to design specific local adaptation intrusion. In the current study, we used the consecutive disparity
index (S), absolute inter-variability (IV) index and entropy-based variability index (D). The details are
as follows:

2.3.1. Consecutive Disparity Index (S)

S is a variability index, generally used to assess internal variability in a highly irregular data
series [45]. S is calculated as

S =
1

n− 1

n−1∑
i=1

∣∣∣∣∣∣ln
(

Pi+1

Pi

)∣∣∣∣∣∣ (7)

where Pi and Pi+1 is the value of a variable at a time interval i and i + 1, and n is the length of series.
A constant K is added to the time series to evade any kind of indeterminate numerical (division

with a negative value or zero):

S =
1

n− 1

n−1∑
i=1

∣∣∣∣∣∣ln
(

Pi+1 + k
Pi + k

)∣∣∣∣∣∣ (8)

2.3.2. Absolute Inter-Variability (IV) Index

The IV index is a representation of the absolute measures of variability and mean absolute
inter-variability [22] and calculated as given by

MAV =
1

N − 1

 N∑
i=1

|Pi − Pi−1|

 (9)
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IV =
MAV

P
(10)

2.3.3. Entropy-Based Variability Index (D)

The entropy theory [46] and maximum entropy principle [47] have been mostly used in
environmental and hydrological studies. It is the measure of the disorder, dispersion, diversification
and uncertainty of the variables to be considered.

Here in this study, the entropy-based variability index [48] has been used for assessment of
spatiotemporal variability of precipitation and formalized as follows:

Ei = −
n∑

i=1

Pi ln(Pi) (11)

For average annual

E =
1
n

n∑
i=1

Ei (12)

Variability is defined as the difference between maximum possible entropy and the entropy
obtained by calculation from individual series. It is expressed by the disorder index

Di = log2 n− Ei (13)

The higher the value of the disorder index, the higher the precipitation variability. To compare the
spatiotemporal variability, the mean value of the index was calculated as follows:

D =
1
m

m∑
i=1

Di (14)

3. Results and Discussions

3.1. Spatiotemporal Variation in Rainfall Series

The annual spatiotemporal variation of precipitation at 13 stations in the southwest of Pakistan are
shown in Figures 3 and 4. The change in the annual time series was inconsistent at the selected stations
as presented in Figure 3. It was expected, as the precipitation in the southwest region of Pakistan is
generally influenced by western disturbances, monsoons and orographic effects (to an extent), and thus
have a very complex and inconsistent behaviour regarding precipitation variation and distribution in
the region [36,37,49]. However, in the sub-regions, a relative consistency was observed at different
stations. For example, a relatively high precipitation was found in the eastern plateau of the region
(including Barkhan, Zhob, Sibbi and Khuzdar) as compared to the west plateau (including Dalbadin,
Nokkundi and Panjgur) and coastal region (Jiwani), as shown in Figures 3 and 4. It was also noted that
the precipitation goes on decreasing from the east plateau to the west plateau. It could be mainly due
to the humid air coming from the Bay of Bengal entering the area from the southeast part and moisture
in the air that goes on decreasing from east to west [36].

Keeping in view the average annual rainfall (Figures 3 and 4), the selected stations were also
regrouped into three subgroups, namely, G1, G2 and G3. Besides geographical grouping (eastern
and west plateau and coastal area), these groups were also used to get more insight into the results.
Barkhan, Zhob, Khuzdar, Kalat, Sibbi and Quetta were grouped as G1; Karachi, Haiderabad and
Lasbella as G2; and Dalbadin, Nokkundi, Jiwani and Panjgur as G3.
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3.2. Trend Analysis

3.2.1. Monthly Series Trends

The evaluation of the trend in the monthly precipitation series was carried out at each individual
station, and the results are depicted in Table 3. In the case of the MK test, a non-significant trend was
observed in the majority of the cases, similar to [36,37], and in the case of May to August, a significant
trend at the 5% significance level was also observed at most of the stations. It could be mainly because
of the seasonal variation (discrete moisture transformation from the Bay of Bengal and the Arabian
Sea) during summer and western disturbance [50]. Whereas, in the case of the ITA test, significant
discrepancies in the results and direction of the trends were observed. Compared to MK, the ITA
method showed that a considerable number of months had a more than 10% increasing or decreasing
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trend, except for March. The comparative analysis on a monthly basis revealed a 40% discrepancy in
results between the two methods, where the opposite trend has been observed by the methods. The
distinction between the two methods would be because of inherited restrictive assumption in the MK
test [41] and sensitivity to outliers [19].

Table 3. Results of Mann–Kendall test and IM approach statistic for monthly precipitation time series.
(a) In case of MK: a rectangle means no significant trend, up-triangles indicate a significant increasing
trend and down-triangles indicate a significant decreasing trend. (b) In case of ITA: an up-arrow,
down-arrow and circle show a more than 10% decrease, more than 10% increase, and less than 10%
increase/decrease, respectively.
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3.2.2. Seasonal Series Trends 

There are four seasons in Pakistan, namely, winter (from December to February), spring (from 
March to May), summer/monsoon period (from June to September) and autumn (from October to 
November). Considering the above mentioned four seasons, seasonal precipitation trends in the 
southwest arid region of Pakistan are observed using the same methods (Mann–Kendall and IM 
method), and results are shown in Figure 5a,b, respectively. In the case of Z, no significant trend was 
observed in all four seasons except for two or three discrete stations. However, compared to the 
average decreasing trend in winter at all of the stations, an increasing trend in spring and an 
inconsistency (a mixture of increasing and decreasing trend) resulted during summer and autumn. 
On the hand, there was a decreasing trend for winter, while an inconsistent trend for spring, summer 
and autumn were observed in the case of ITA. It will be noteworthy here to mention that at individual 
stations, a lot of discrepancies have been found between the two methods, especially in the case of 
summer and autumn. Figure 6 shows the scatter plot between Z versus ITA to indicate a general 
agreement in the trend in all methods in all seasons. The results indicated that for spring and winter 

3.2.2. Seasonal Series Trends

There are four seasons in Pakistan, namely, winter (from December to February), spring (from
March to May), summer/monsoon period (from June to September) and autumn (from October to
November). Considering the above mentioned four seasons, seasonal precipitation trends in the
southwest arid region of Pakistan are observed using the same methods (Mann–Kendall and IM
method), and results are shown in Figure 5a,b, respectively. In the case of Z, no significant trend was
observed in all four seasons except for two or three discrete stations. However, compared to the average
decreasing trend in winter at all of the stations, an increasing trend in spring and an inconsistency
(a mixture of increasing and decreasing trend) resulted during summer and autumn. On the hand,
there was a decreasing trend for winter, while an inconsistent trend for spring, summer and autumn
were observed in the case of ITA. It will be noteworthy here to mention that at individual stations, a lot
of discrepancies have been found between the two methods, especially in the case of summer and
autumn. Figure 6 shows the scatter plot between Z versus ITA to indicate a general agreement in the
trend in all methods in all seasons. The results indicated that for spring and winter seasons most of the
points are in the 1st and 3rd coordinate, while discrepancies were noted in the case of summer.
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3.2.3. Annual Series Trends

Using an annual precipitation series, the results of the trend analysis are shown in Figure 7. It is
evident from the results that in case of both tests, seven stations (with asterisk symbols) out of the
eleven station show a decreasing trend direction, while the rest of the stations exhibit an increasing
trend direction. It was also observed that only four stations exhibit a statistically significant trend in
the case of the Mk test. Moreover, at most of the stations, both methods showed similar results (either
increasing or decreasing) with a different amount/intensity. It was also noted that based on the annual
time series, the stations in the east plateau, e.g., Barkhan, Khuzdar and Sibi, showed an increasing trend
direction for precipitation (except Zhob), while the stations in the west plateau showed a decreasing
trend similar to the coastal station. In addition to that, it was found that stations with a higher average
rainfall (G1) have a negative trend, G2 (medium average rainfall) have a positive trend and G3 (low
average rainfall) have a negative trend, except for Barkhan and Nokunddi. The inconsistency was
expected due to the complex terrain and precipitation variability over a small distance [36,37,49].
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3.3. Precipitation Variability

A better understanding of the irregular pattern of precipitation in a region could be gained
through estimating the absolute variability indices, specifically, assessment of the temporal variation
in precipitation. The precipitation variability based on entropy (D), consecutive variation (S) and
inter variability (IV) has been assessed. Monthly time series analysis showed an on average higher
variability in December, January, February and March for Nokkundi, Jiwani and Dalbandin, while in
the case of Barkhan, Khuzdar and Zhob, July, August and September showed a comparatively high
value of D, S and IV index values (note: results on a monthly basis are not shown here).

The results of selected indices for different seasons and on an annual basis are as shown in Figure 8.
When comparing based on D, it shows that significant variability was observed on an annual basis and
summer season shows more significant precipitation variability with an average D = 3.85, compared to
other seasons. It was expected as the annual variation in the rainfall in the selected area of study is
mainly affected by the monsoon season and movement of the moist air in the summer season. Hence,
as precipitation variation in summer is high, variability is significantly higher in the summer season
and on an annual basis. It was also observed that on an average the west plateau ensued a higher
value of D (4.58) on an annual basis as compared to the east plateau with D = 4.08. Since the value of D
could be affected by any unusual precipitation event, and the west plateau generally received such
kind of precipitation event [36,37,49], the variation is comparatively high. It will be noteworthy here to
mention that in the current study we used a different value of constant for different time series with a
similar proportion of each time series, i.e., 1% of the average time series and a de-trending data series
was used for the calculation of D.

Similarly, comparative analysis in the case of the S statistical index showed that on an average
Nokunddi, Jiwani and Dalbandin show less consecutive intra variability among the individual season
as this station lies in the western part, which is less affected by the moist air circulations. It was
also noted that the autumn season followed by the summer season resulted in comparatively higher
consecutive variability (S) at all selected stations with an average value of >1, whereas the winter
season followed by the spring season showed an average value of S < 1. The results are summarised in
Figure 8. On the other hand, results based on the IV index resulted in an average value of 0.88, 1.02,
1.15, 1.53 and 0.72 for winter, spring, summer, autumn and annual basis. It was observed that the
inter-variability of the autumn season followed by summer was less compared to spring and winter.
The results also second the outcome of variability index S. The observed variation in summer and
autumn is in good agreement with the discrete mode of summer monsoonal rainfall [36,51,52].
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3.4. Interrelationship between Approaches on a Seasonal and Annual Basis

The results depicted above indicated that in the selected study area, precipitation dynamics are
highly dependent upon the geographical patches and intensity. The discrepancies regarding trend
direction and statistic values have been found in the outcomes of selected approaches. To better
understand the interrelationship between different approaches used in the current study, an XY scatter
plot representation was used, and the results are shown in Figure 9. The results in Figure 9 are
indicating the relationship between the seasonal and annual values of the trend analysis method (Z
and ITA) and variability indices (S, D and IV) at each station. From the Figure 9a–f scatter plots, it was
observed that the variability indices show a better agreement with the ITA method compared to the
Mann–Kendall method. It was also noted that the statistical index D have a better agreement in case of
spring, winter and summer, while statistical index P have a better correlation for the autumn season.
In addition, the correlation analysis based on groups (G1, G2 and G3) resulted that the trend statistics
have a higher correlation with statistical indices the in case of stations in G2, while comparatively low
agreement in case of stations in G1 and G3.
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Figure 9. Results of the interrelationship between trend detection methods (Z and ITA) and
variability indices (S, D and IV) on a seasonal and annual basis. (a)—relationship between Z and S,
(b)—relationship between Z and D, (c)—relationship between Z and IV, (d)—relationship between ITA
and D, (e)—relationship between ITA and D, and (f)—relationship between ITA and IV.
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4. Conclusions

Finally, the following conclusion was drawn from the current study: (1) In most of the cases, the
seasonal time series seemingly have a more significant trend variation as compared to the annual
time series (masking the effect of distinct months). The seasons contribute differently to the annual
precipitation variation. The winter season was showing a decreasing trend, while mixtures of increasing
and decreasing trends were found during spring, summer and autumn. (2) The study signposted that,
on average, an increasing trend direction was observed in the eastern plateau and decreasing in the
west plateau. (3) The spatial variation also resulted in differences for different seasons. On an average,
summer seasons seem to have more significant variability. (4) No systematic precipitation pattern
across the study region was observed in monthly, annual and seasonal time series. (5) The precipitation
variability analysis resulted in higher variability in the case of the east plateau, while lower for the
west plateau at all seasonal and annual basis. Moreover, no systematic agreement was found in the
inter/intra relationship between trend detection methods and absolute indices, which could be further
evaluated. (6) The results also indicated the low availability of water resources in the west plateau and
the need for the use of water within constraint. (7) The overall results signposted that, on average,
seven out of eleven stations showed a decreasing trend in precipitation. As the livelihood and economy
of the region are mainly dependent on the precipitation as a major water source, any kind of imbalance
or decline in precipitation could result in depletion of water resources, aridity, periodic drought and
degraded rangelands. This also means that agriculture could need more artificial application of water,
which is already limited in this region, and proper adaptation strategies (e.g., irrigation management,
soil moisture conservation techniques, selection of resilient crops, planting dates variation, suitable
cropping intensities, pattern change and index insurance) would be necessary to cope with the possible
impacts of climate change.
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