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ABSTRACT: The trend analysis approach is adopted for the prediction of future climatological behavior and climate
change impact on agriculture, the environment, and water resources. In this study, the innovative trend pivot analysis
method (ITPAM) and trend polygon star concept method were applied for precipitation trend detection at 11 stations lo-
cated in the Soan River basin (SRB), Potohar region, Pakistan. Polygon graphics of total monthly precipitation data were
created and trends length and slope were calculated separately for arithmetic mean and standard deviation. As a result, the
innovative methods produced useful scientific information and helped in identifying, interpreting, and calculating monthly
shifts under different trend behaviors, that is, increase in some stations and decrease in others of precipitation data. This in-
creasing and decreasing variability emerges from climate change. The risk graphs of the total monthly precipitation and
monthly polygonal trends appear to show changes in the trend of meteorological data in the Potohar region of Pakistan.
The monsoonal rainfall of all stations shows a complex nature of behavior, and monthly distribution is uneven. There is a
decreasing trend of rainfall in high land stations of SRB with a significant change between the first dataset and the second
dataset in July and August. It was examined that monsoon rainfall is increasing in lowland stations indicating a shifting pat-
tern of monsoonal rainfall from highland to lowland areas of SRB. The increasing and decreasing trends in different peri-
ods with evidence of seasonal variations may cause irregular behavior in the water resources and agricultural sectors.

SIGNIFICANCE STATEMENT: The monthly polygonal trends with risk graphs of total monthly precipitation data
depicted a clear picture of climate change effects in the Potohar region of Pakistan. The monsoonal rainfall showed a
significant decreasing trend in highland stations and an increasing trend in lowland stations, indicating a shifting pattern
of monsoonal rainfall from highland to lowland areas.
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1. Introduction atmosphere, land, and ocean in multiple ways (IPCC 2021). It
has thus been interpreted that Earth is in a state of climate
emergency, and we should take necessary measures now and
not wait for the end of this century to prevent or reduce its
effects. Therefore, regional-scale approaches should be adopted
to mitigate future possible changes in hydrometeorological
variables such as runoff, rainfall, and temperature (Aktas
2020). Trend analysis is one of the methodological approaches
to predict and identify possible climate change impacts at small
scales (Sen 2021). The purpose of trend analysis is to detect a
change in observed time series data of rainfall, temperature,
and so on to make future predictions. Trend identification, in-
terpretations, and predictions are data processing approaches
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The impacts of climate change are now, widespread, perva-
sive, intensifying, and unprecedented in thousands of years. Ac-
cording to the Intergovernmental Panel on Climate Change
(IPCC) Sixth Assessment Report (ARG6), it is unequivocal that
human influence in terms of climate change has warmed the
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remain stable (neutral). The linear or nonlinear temporal
trend is the continuous and systematic increase or decrease of
data along the time axis. The book Innovative Trend Method-
ologies in Science and Engineering by Z. Sen covers an inno-
vative trend identification, detection, and analysis literature
review. The book highlights the importance of time series
analysis in many areas including water resources manage-
ment. The innovative trend analysis techniques are objec-
tively used to solve the issues of sustainable management
logically and quantitatively (Sen 2017a). The trend analysis of
natural, social, and artificial events is performed to identify
systematic changes over at least 30 years of the dataset. It has
been observed that, over the last 30 years, the number of
trend studies and applications related to hydrometeorological
time series as climate change has accelerated after Mann
(1945) and Kendall’s (1975) work known as the Mann—
Kendall (MK) trend test—a classical approach. For example,
trends have key implications for water resources planning and
management in the future (IPCC 2007).

In the literature, there are numerous applications of the well-
known MK test with the Theil-Sen approach (Theil 2011; Sen
1968) for the assessment of time series trend components and
variability changes (Mann 1945; Sen 1968; Kendall 1975; Yu
et al. 1993; Burn 1994; Bocheva et al. 2009; Kysely 2009;
Tiirkes et al. 2009; Korhonen and Kuusisto 2010; Wilson et al.
2010; Tabari et al. 2011; Reihan et al. 2012; Hossain et al.
2014; Sayemuzzaman and Jha 2014; Hussain et al. 2015; Jones
et al. 2015; Zhang et al. 2015; Swain et al. 2015; Bari et al.
2016; Chattopadhyay and Edwards 2016; Khatiwada et al.
2016; Birara et al. 2018; Chang et al. 2018; Giicli 2018;
Kabanda 2018; Nawaz et al. 2019; Phuong et al. 2019; Malik
and Kumar 2020; Hussain et al. 2021) to name a few. Classical
MK trend analysis with Sen’s slope estimator approach has
previously been used for identification of monotonic trend
and statistical quantification of intercept and slope for a given
time series. The drawbacks of the MK test are sample size,
normality of the data, the serial independence of the given
time series, prewhitening, and nonexistence of serial compari-
son among different sections of the same record and normal
(Gaussian) probability distribution functions (pdf). The valid-
ity of MK trend test is possible under certain assumptions
such as the length of data, independence of time series data,
and its normal distribution. The other assumption is the cal-
culation of trend slope magnitude through regression ap-
proach. In the past, hydrometeorological time series were
assumed stationary stochastic process for climate change and
trend detection purposes. Such assumption is no longer valid
due to dynamic anthropogenic effects on climate, drainage
basins, and atmosphere (Sen 2017b).

Trend analysis has been continuously on the research and
application agenda, and scientific studies have shown the de-
velopment of innovative methodologies and even modifica-
tion of existing approaches for trend analysis. Methods such
as Sen’s innovation method, innovative trend analysis (ITA),
innovative triangular trend analysis (ITTA), and innovative
polygon trend analysis (IPTA) are the common trend analysis
methods used in academic studies (Ceribasi et al. 2021a).
Sen (2012, 2014) has presented ITA, a robust approach
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independent of sample size, nonnormality, and serial correla-
tion. Innovative trend analysis easily interprets the visual in-
spection of trend type (increasing, decreasing, or no trend)
and then calculate trend slope numerically. The ITA method
uses Cartesian coordinate system and data on the 1:1 (45°)
straight line corresponds to no trend, and any deviation from
the 1:1 line represents trend existence. This nonparametric
ITA approach has been analyzed by many researchers in sev-
eral scientific studies around the world (Sonali and Nagesh
Kumar 2013; Sen 2014, 2017b; Dabanl et al. 2016; Elouissi
et al. 2016; Tabari et al. 2017; Wu and Qian 2017; Mohorji
et al. 2017; Alashan 2018; Giiclii et al. 2018; Dabanli and Sen
2018; Almazroui et al. 2019; Alifujiang et al. 2020; Wang et al.
2020; Singh et al. 2021). Sen et al. (2019) introduced IPTA to
explore trend possibilities in monthly hydrometeorological
time series. IPTA is a nonparametric approach to identifying
the trend and trend transitions between successive sections of
the two equal segments from the original hydrometeorologi-
cal time series leading to a 12-sided irregular trend polygon,
which provides a productive basis for finer interpretation with
linguistic and numerical interpretations and inferences from a
given time series. This method is free from assumptions and
can be applied directly. In the literature, few studies used the
IPTA method for the analysis of hydrometeorological time se-
ries data (Sen et al. 2019; Ceribasi et al. 2021b; Ceribasi and
Ceyhunlu 2021; Sen 2021; San et al. 2021; Hirca et al. 2022;
Ahmed et al. 2022; Achite et al. 2021; Akgay et al. 2022).

The innovative trend pivot analysis method (ITPAM) and
the trend polygon star concept method are new trend tests,
and in the literature there are only two studies that used both
methods for the temperature and precipitation trend analysis
(Ceribasi et al. 2021a,b). Sen (2021) proposed the trend poly-
gon star concept method. Ceribasi et al. (2021b) analyzed
monthly average temperature data of six stations in the Susurluk
Basin, Turkey, for 22 years (1996-2017) with innovative polygon
trend analysis and trend polygon star concept methods. Polygon
graphics were created for each station. The ITPAM determines
risk classes by establishing a relationship between data (Ceribasi
et al. 2021a). Ceribasi et al. (2021a) analyzed Susurluk Basin’s
total monthly precipitation data (2006-17) using ITPAM and
determined the degree of trend risk. In the present study, the
same methodology of ITPAM and the trend polygon star con-
cept method has been applied to analyze Soan River basin
(SRB) total monthly rainfall data to further strengthen the
adaptability and applicability of both newest methods in acade-
mia research. Hussain et al. (2021) analyzed the temporal trends
of rainfall data using the MK trend test in the selected study
area of SRB in the Potohar region of Pakistan, and in the pre-
sent study, we further want to analyze the degree of trend risk
using ITPAM.

According to our understanding, all the parametric and non-
parametric methods of trend analysis establish a relationship
between data and made definitions such as increasing, decreas-
ing, low, medium, and high, while ITPAM categorizes the risk
classes showing changes between available datasets. ITPAM is
a modified version of the IPTA method used to determine
five risk classes of total monthly rainfall data of 11 stations of
SRB. Moreover, the increasing and decreasing trend regions are
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FIG. 1. Map of SRB, Pakistan: location of stations and elevation range.

divided into five classes for a clear understanding of this method.
Furthermore, star graphs are generated using trend polygon star
concept method to determine the transition distance from one
month to another and the slopes of these transitions. The analy-
sis is performed based on the arithmetic mean and standard de-
viation of rainfall data because the trend approach provides
physical aspects of mean and standard deviation seasonal varia-
tions that are essential and refined parts hidden in holistic an-
nual trend behaviors (Sen et al. 2019). Moreover, the analysis of
hydrometeorological data based on the mean and standard devi-
ation is very important for the effective planning of different hu-
man activities such as agricultural activities (irrigation practices,
groundwater recharge), water supply, and hydroelectric power
generation (Ceribasi et al. 2021a).

2. Materials and methods
a. Study area and data descriptions

SRB (Fig. 1) is the largest (9994 km?) of six basins in the
Potohar region within the elevation range of 222-2261 m above
mean sea level. The climatic variation is from semiarid (central
and southern part) to subhumid (northern part) in the study ba-
sin. Margalla and Murree hills surrounded the northern bound-
ary of SRB, while the southern side is covered with a salt range
(Hussain et al. 2021). The summer is hot (up to 31°C average
temperature in June), whereas winter is relatively cold (mean
temperature of 9°C in December). Mean annual rainfall ranges
from 400 to 1710 mm in the plains areas to the mountainous
terrain, respectively, and about two-thirds of the annual rainfall
occurs during the monsoon period (June-September). The ma-
jor crops are wheat, groundnut, chickpea, millets, sorghum, and
fodders. Agriculture depends on the rainfall and perennial flow
storage in small dams and minidams (Nabi et al. 2020).

Based on the elevation range and locations of stations, Hussain
et al. (2021) divided the SRB into three zones, that is, high land
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stations within 540-2025-m elevation consisting of Murree, Satra
Meel, Kotli Sattain, Islamabad, National Agricultural Research
Centre (NARC), and Rawalpindi. Middle-land stations within
the 283-529-m elevation range consist of Fatehjang, Mangla,
and Jhelum, while lowlands stations within 218-522-m elevation
consist of Chakwal and Massan. There are four climatological
seasons of a year: winter [December-February (DJF)], spring
or premonsoon [March-May (MAM)], summer or monsoon
[June-September (JJAS)], and autumn or postmonsoon [October—
December (OND)]. The same seasonal classification has been
adopted by Adnan and Ullah (2022), Hussain et al. (2021),
Adnan et al. (2019), and Asmat et al. (2018). For the analysis of
rainfall data using ITPAM and trend polygon star concept
method, the historical monthly time series records of 11 stations
over the different period according to data availability (Table 1)
in SRB was collected from Pakistan Meteorological Department
(PMD), NARC, Water and Power Development Authority
(WAPDA) and Soil and Water Conservation Research Institute
(SAWCRI) in Pakistan. These organizations are national-level
government agencies that record climatological data using all
the standard operating procedures (SOPs), that is, total precipi-
tation for 24 h previous to 0800 of the day according to Pakistan
standard time (PST). Detailed descriptions of the 11 stations,
data availability, and source of data are presented in Table 1.
The gaps in the data series were completed using the time-based
interpolation method (monthly records were determined as the
mean values of the same month for a period between *2 years;
Mitchell et al. 1966).

b. ITPAM

ITPAM (Ceribasi et al. 2021a) is an extended version of
IPTA (Sen et al. 2019). This method divides the available data
into two separate periods and compares these two periods with
each other. For example, if the dataset is between 1991 and
2020 (30 yr), the dataset is divided into two different periods
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TABLE 1. Description of the meteorological stations.

Stations Lon Lat Alt (m) Data range Source of data
Murree 73°24’3.148"E 33°54’58.847"N 2025 (1995-2020) PMD
Satra Meel 73°14'3.118"E 33°48'16.042”"N 715 (1995-2020) PMD
Kotli Sattain 73°32'39.24"E 33°49718.942”"N 1352 (1991-2016) PMD
Islamabad 73°5'42.464"E 33°43/50.202”N 569 (1991-2016) PMD
NARC 73°7'44.157"E 33°40723.056”N 551 (1995-2020) NARC
Rawalpindi 73°2’50.035”E 33°35'41.506"N 540 (1995-2020) PMD
Mangla 73°28'6.65"E 33°3'54.357"N 283 (1995-2020) PMD
Jhelum 73°22'30.283"E 32°56'40.575”"N 287 (1995-2020) PMD
Fathejhang 72°38'14.979"E 33°33’58.479”N 514 (1990-2015) SAWCRI
Chakwal 72°51'14.452"E 32°55'48.639”"N 522 (1991-2016) SAWCRI
Massan 71°49'26.733"E 32°49739.852”"N 335 (1995-2020) WAPDA

of 15 years, and they are compared with each other. In other
words, the first dataset will consist of the data measured in
the years 1991-2005, and the second dataset in the years
2006-20. In ITPAM, five classes are used to identify the
increasing trend (IT) or decreasing trend (DT) regions as
1) very high degree (VHD), 2) high degree (HD), 3) medium
degree (MD), 4) low degree (LD), and 5) very low degree
(VLD). This classification is used to define the risk range by
establishing a relationship between the data being analyzed
as the very high-degree class represents the first-degree risky
range and the very low-degree class represents the fifth-

into five classes. The point on the 1:1 line is known as the no trend
class. A cartesian coordinate graph (Fig. 2a) is obtained by divid-
ing the data length of both axes into three equal parts. Then these
divided parts are combined with a 1:1 line.

Figure 2b graph is the main output of ITPAM, which is ob-
tained by adopting the following methodology:

1) Divide the available dataset (about 30 yr) into two equal parts.

2) Place first-half data (old series) on the x axis and second-
half data (recent series) on the y axis in the Cartesian co-
ordinate system.

degree risky range. ITPAM is hypothetically explained in Fig. 2 3) The x-axis and y-axis coordinate system should be divided
based on monthly data. into five equal parts according to the defined five classifi-
Figure 2a represents the improved form of the IPTA graph, cations of increasing and decreasing trends and risk levels
where the increasing and decreasing trend regions are divided (from first-degree risky class to fifth-degree risky class).
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FIG. 2. Hypothetical ITPAM template for monthly data: (a) improved form of IPTA graph representing increasing
and decreasing trend regions with degree classification; (b) ITPAM risky graph with classification.
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TABLE 2. Explanation of hypothetical ITPAM analysis based on Fig. 2. DRC is “degree risky class.” Trend regions and classes are
defined in section 2b.

Months Trend region Trend class Trend symbology Risk class Risk range
Jan IT VLD 1 Fifth DRC 5-11
Feb LD ~ Fourth DRC 11-17
Mar MD - Third DRC 17-23
Apr MD - Second DRC 23-29
May NT HD ~ Second DRC 23-29
Jun VHD 1 First DRC 29-35
Jul DT HD ~ First DRC 29-35
Aug HD 7 Second DRC 23-29
Sep MD - Second DRC 23-29
Oct MD - Third DRC 17-23
Nov MD - Fourth DRC 11-17
Dec LD ~ Fourth DRC 11-17

4) Read both graphs (Figs. 2a,b) in parallel and make it clear
whether any point is risky in comparison with the other
graph.

5) For a more clear understanding of ITPAM graphics, tabu-
lation of extracted information is recommended as shown
in Table 2. The information can be recorded as, for exam-
ple, a monthly point in Fig. la is a medium-degree in-
creasing trend whereas this point in Fig. 1b may be in the
first-degree risky class. This position revealed consider-
able variation of this point between the first and second
datasets.

Table 2 contains the information of Fig. 2 graphs, and it indi-
cates that six months (July-December) show a decreasing trend.
December showed a low-degree trend class as the fourth-degree
risk class. The trend class of July and August is high degree, and
the risk class is first and second degree, respectively. The trend
class of September, October, and November is medium degree,
while the risk class analysis indicated second-, third-, and fourth-
degree risk class, respectively. May and June months lie on the
1:1 line and showed no trend. The other four months (January—
April) show an increasing trend. January showed a very low-
degree trend class and a fifth-degree risk class. The trend class of
March and April is medium degree, while the risk class of these
months is in the third- and second-degree risk class, respectively.
February showed a high-degree increasing trend with fourth-
degree risk class. The results considered in Table 2 indicated
that some months are at a lower level in the ITPAM graph while
showing the higher category in the risk graph. For instance,
September, October, and November months show a medium-
degree decreasing trend in the ITPAM graph, while their risk
class is second, third, and fourth degree, respectively, as shown
in the risk graph. This variation showed significant change be-
tween the first and second datasets for these months.

c. Trend polygon star concept

The trend polygon star concept (Sen 2021) illustrates the
distance between two successive months, which reflects the
temporal duration and slope of a straight-line trend. The cor-
responding trend polygon star concept of Fig. 2 is presented
in Fig. 3, where the graph area is divided into four regions.
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The x axis represents the first half of the dataset, and the y
axis indicates the second half of the dataset. All arrows origi-
nate from the point of origin (0,0). We can extract the follow-
ing information from the trend star graph (Ceribasi et al.
2021b; Sen 2021):

1) The arrows show the transition between two months. The
length of each arrow provides the amount of dataset for a
respective month based on the trend polygon side extent
from one month to the next. The largest arrow length rep-
resents the greatest transition between two months.
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FIG. 3. Hypothetical trend polygon star concepts for monthly
data, where in region I three corresponding months (A-M: April-
May; S-O: September—October; O-N: October—November) showed
an increasing trend and in region III five corresponding months
(J-F: January-February; M-J: May-June; J-J: June-July; N-D:
November-December; D-J: December—January) represent de-
creasing trends between both axes of dataset. The months in region
II (J-A: July-August and M-A: March-April) represent an in-
crease in the first half time duration. The months in region IV
(F-M: February-March and A-S: August-September) represent a
decrease in the second half time duration.
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FIG. 4. ITPAM analysis results of monthly rainfall data based on the arithmetic mean parameter for each station of SRB.
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2) The horizontal and vertical axis values correspond to the
amount of monthly change during the first half and sec-
ond half, respectively. The difference between the hori-
zontal and vertical values reflects the monthly climate
change.

3) Region I represents that both projections are positive,
which represents an increasing trend in the first and sec-
ond halves in both axes. Region III represents that both
projections are negative, which represents a decreasing
trend in the first and second halves in both axes.

4) The arrow direction in region II indicates an increase in
the first-half time duration. The arrow direction in region
IV indicates a decrease in the second-half time duration.

5) The slope of polygon is the ratio of vertical to horizontal
projection.

3. Results

In this study, innovative trends methods (ITPAM and trend
polygon star concept) were applied to total monthly precipita-
tion data of SRB, Potohar region, Pakistan. The analysis has
been performed based on the arithmetic mean data and stan-
dard deviation statistical parameters.

The arithmetic mean analysis results of monthly rainfall
data for three stations (Murree, Rawalpindi, and Massan) are
shown in Fig. 4, while other stations are given in Fig. S4 in the
online supplemental material. Arithmetic mean analysis re-
sults are summarized in Table 3 for each station of Fig. S4,
and the following findings were extracted.

Rainfall and its distribution are the most important climatic
variable in this rainfed study area of the Potohar region be-
cause agriculture depends upon rainfall occurrence, which is
the only source of available water for cropping. According to
ITPAM analysis, it was observed that all the station’s rainfall
showed significant changes (increase or decrease) in July and
August with the first degree of risk class. The results of rain-
fall data using ITPAM (supplemental Fig. S4; Table 3) indi-
cated that July and August are in the first-degree risk group
for all stations, and a significant change is observed between
the first dataset and second dataset.

All stations’ rainfall in August showed decreasing trend,
with high to a very high-degree trend class. There is a signifi-
cant change between the first and second dataset in August
due to the indication of first-degree risk class. Besides, July is
also in the first-degree risk group but shows decreasing rain-
fall trend in high land stations (Murree, Satrameel, NARC,
Islamabad, and Rawalpindi), while other lowland stations
(Massan, Chakwal, Fathejhang, and Mangla) show increasing
rainfall trend in July, with a significant change in the first data-
set and second data. Similarly, these low land stations are also
showing an increasing rainfall trend in September month
while high land stations showed decreasing trend. According
to this examination, it was analyzed that for the months
(June, July, August, and September) of the monsoon season,
there is a decreasing trend of rainfall in high land stations of
Soan River basin with a significant change between the first
dataset and second dataset in July and August. It was also
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examined that monsoon rainfall is increasing in lowland sta-
tions indicating a shifting pattern of monsoonal rainfall from
highland to lowland areas of the Soan River basin.

The November, December, and February months of the
winter season show an increasing trend of rainfall, except for
Murree and NARC station, but the change is not significant.
Winter wheat is a major crop in this area, and timely rainfall
is important for moisture availability and maximum yield.
The sowing time of the wheat crop in the Potohar region
is from mid-October to mid-November, and according to
ITPAM analysis, October and November rainfall is increas-
ing, indicating the availability of moisture at the sowing time
of the wheat crop. At the time of sowing in January, there is a
decreasing trend of rainfall, which may adversely affect wheat
crop growth, while the increasing trend of rainfall in February
and March months at the time of heading and flowering of
wheat crop indicates a positive sign on the growth. The de-
creasing pattern of rainfall in April and increasing pattern in
May at the time of wheat crop maturity and harvesting nega-
tively affect crop growth and ultimately reduce the yield.
These shifting patterns of monthly rainfall in the winter sea-
son indicate that there is a need for updating the cropping
calendar according to rainfall water availability.

On the basis of the standard deviation analysis results (Fig. 5,
along with Fig. S5 in the online supplemental material; Table 4),
a significant change is observed between the first dataset and the
second dataset of July and August at many stations. It was ana-
lyzed that most of the points have a high-degree trend class in
the ITPAM graph with a first-degree risk class in the risk graph.
Almost all stations of the Soan River basin showed an increas-
ing trend of rainfall in February except Murree. July shows a
significant decreasing rainfall trend except for Murree, NARC,
Fathejhang, and Massan stations.

1) The results of rainfall data using ITPAM indicated that
the July and August months of all stations are in the first-
degree risk group, and a significant change is observed be-
tween the first dataset and second dataset.

2) Monsoonal months’ (JJAS) rainfall of all stations shows a
complex nature of behavior, and monthly distribution is
uneven. June is showing an increasing trend of rainfall ex-
cept for Murree station. The nonsignificant increasing
trend of June rainfall relatively changed into a significant
decreasing trend in July in most stations such as Jhelum,
Mangla, Rawalpindi, Islamabad, Satrameel, and Kotli Sat-
tain. June rainfall of Murree station shows a decreasing
trend and shift into an increasing trend in July with first-
degree risk class. It was also analyzed that the increasing
trend of rainfall in July is shifting toward decreasing trend
in August and September with first-degree risk class in
other stations such as Massan and Chakwal. The rainfall
in Rawalpindi and Islamabad indicated decreasing trend,
with a significant change between the first dataset and sec-
ond dataset in July, and changed into a nonsignificant in-
creasing trend in August.

3) According to this examination, it was analyzed that for
the months of the monsoon season (JJAS), there is a de-
creasing trend of rainfall in high land stations of Soan
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A %{‘) g River basin with a significant change between the first da-
3 § 4 A 91 | a) taset and second dataset in July and August. It was also
A e % ; % examined that monsoon rainfall is increasing in lowland
@) &3 = &3 . indicati o .
O O stations, indicating a shifting pattern of monsoonal rainfall
o ¥, ¥, from highland to lowland areas of the Soan River basin.
2 \ 2 \ 2 4) December and January of the winter season are showing
E ‘E ; E a decreasing trend of rainfall in high land stations, but the
é‘g) change is not significant.
O
5 » 2 A g Table 5 consists of statistical values of rainfall analyzed by
© 91 E S] <= the IPTA method in the Soan River basin. The maximum
E £ = E transition value between two months based on the arithmetic
O &) mean and standard deviation are shown in bold in Table 5.
o & g The transition is examined in terms of trend length and trend
A ‘ 2 % ‘ g slope. For example, for the Rawalpindi station, the statisti-
; E = 8 cal results indicated that the maximum trend length is be-
O 8 0 tween June and July for arithmetic mean and standard
w| A nQﬂ o ré deviation. The maximum trend slope shows that the arith-
2 5 N 2 5 M metic mean and the standard deviation is between March
[T ) é and April.
Trend polygon star concept method graphics of arithmetic
_ % %2 a Sé mean and standard deviation analysis results of monthly rain-
= 5TA = 1A fall data of three stations (Murree, Rawalpindi, and Massan)
E' B ; B are given in Fig. 6 while other stations are given in Fig. S6 in
3 S K . . . .
O the online supplemental material. It is examined that most of
. (54) & the station arrow’s directions are in I and III based on the ar-
§ g g1 R | 2 ithmetic mean parameter, showing the transition between
= D =] = 3 oth consecutive months for all stations. With the examina-
§ A E Ca tion of Fig. S6, the following information emerges:
~ O O
i . g g 1) The highest transition was observed in August-September
E ‘E“ S 7 = S | 5 (A-S; highly increasing) and June-July (J-J; highly de-
& = % ; % creasing) between two months in all the stations based on
R & - & the arithmetic mean. In the case of standard deviation, J-J
0 Eé is showing the highest transition in most of the stations.
g a1 E‘ 1 2 2) For all stations, the arithmetic mean arrows showing tran-
< E kS . g sitions between four months (D-J, J-F, M-J, and J-J) are
n B i in region III (decreasing trend). Arrows showing transi-
O @) tions between other months (M-A, A-M, A-S, S-O, and
7 . . . .
5 g =) O-N) are in region I (increasing trend).
= % L 7 £ 3) The arrows of standard deviation indicating the transition
E é E é between both months are in the first three regions. Arrow
O direction in region II (IV) represents an increase (de-
g g crease) in the first (second) half time duration, and the
3 t A | = longest arrow indicates the highest transition.
E E =) L Statistical values for 11 stations of the trend polygon star
0 0 concept method are given in Table 6. The bold values show
- QQ‘ g the maximum transition between two months. For example,
S 5 4 Jé ‘ g for the Rawalpindi station, the statistical results show maxi-
E é ; é mum horizontal is between June and July for arithmetic mean
- - and standard deviation. June and July also showed maximum
v v . . . . .
3 3 vertical for both standard deviation and arithmetic mean.
[3} [3}
23 g8
2] o @ 5 @
= L 5 £ 8 . .
g é‘,’ Eyg 5 gE," E g 4. Discussion
< = E E N7 E
“lg % % _; & "18) % _; Trend analysis is continuously acknowledged in research
EEER EEEX and application agendas due to the impact of climate change
p= M on the socioeconomic, environment, agriculture, and water

Brought to you by University of Maryland, McKeldin Library | Unauthenticated | Downloaded 03/14/24 10:39 AM UTC



1870

100

20

2008 - 2020 Monthly Total Precipitation - mm

220

200

180

160

140

120

100

2008 - 2020 Monthly Total Precipitation - mm

20

150

120

2008 - 2020 Monthly Total Precipitation - mm

Brought to you by University of Maryland,

1995- 2007 Monthly Total Precipitation - mm

1995 - 2007 Monthly Total Precipitation - mm

FIG. 5. Asin Fig. 4, but based on standard deviation.

McKeldin Library |

Unauthenticated |

JOURNAL OF APPLIED METEOROLOGY AND CLIMATOLOGY VOLUME 61
IPTAM Risky graph IPTAM Trend graph
Massan

100
B
g8
£ 80
August ;;:2
5 July August
°
E February
=} - Mafch
=
& April
Z June
= 40 January
g
- October September
=
8 De
o 20
c May
S
o
November
0
0 20 40 60 80 100 0 20 40 60 80 100
1995- 2007 Monthly Total Precipitation - mm 1995 - 2007 Monthly Total Precipitation - mm
Rawalpindi
220
£ 200
]
= 180
Al t £ Al t
ugus -] ugus
=l g R —
L) Septemb
E 140 eptember
B
/ E 10 Maych
< J
February = Febru:
.. 100
x| £
OTTObeT 5 January
s 80
Jug = ctober!
5 60
A % = May
Degember : e 0 pril
S De
May| A 20
November . November
0 20 40 60 80 100 120 140 160 180 200 220 0 20 40 60 80 100 120 140 160 180 200 220
1995- 2007 Monthly Total Precipitation - mm 1995 - 2007 Monthly Total Precipitation - mm
Murree
150
Ty
=
=3
March = 120
E-
August ; Mar August
1 =] g
January = January
bruary °
l"‘o b Februa ﬂ
September g Ocioher September
. -]
Jcteber Apri] ; April
June s
s o June
a
/ [
/ Decenjber 2 December
~
;‘ November |
30
30 60 20 120 150 30 60 20 120 150

Downloaded 03/14/24 10:39 AM UTC



DECEMBER 2022

HUSSAIN ET AL.

Graphics of arithmetic mean

Graphics of standard deviation

Massan
90.0 - 90.0
I 2008-2024 s I I 2008-2024 I
60.0 60.0
AS
A-M
300 300 AM
o
. 1995-2007 1995-2007
0.0 |e T > 0.0
JA .
M-J
300 2300 e i
JJ
-60.0 -60.0
[
i JJ v 11 v
90.0 2 0.0 2
90,0 -60.0 -30.0 0.0 30.0 60.0 90.0 -90.0 -60.0 -30.0 0.0 30.0 60.0 90.0
Rawalpindi
270.0 180.0
I 2008-2024 1 1 2008-2020¢ I
180.0 120.0
o AS
S-0
90.0 60.0 M-A
AS
5. .
i b 1995-2007 o L 1995-2007
90.0 -60.0
33
-180.0 1200
J
[ ]
I v m v
22700 3 -180.0 L
2700 -180.0 90.0 0.0 90.0 180.0 270.0 -1800  -1200 -60.0 0.0 60.0 120.0 180.0
Murree
180.0 - 1200
I 2008-2024 I I 2008-2024 I
120.0 80.0
s0 AS
AM
60.0 40.0 JA M-A O-N
A-
> ® 50
i 1995-2007 i y— 1995-2007]
F-M
N \'o
De o
-60.0 -40.0 D-J
13®
1200 -80.0
11 v m v
-180.0 1200 L
-180.0 -120.0 -60.0 0.0 60.0 120.0 180.0 -1200 -80.0 -40.0 0.0 40.0 80.0 120.0
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resources sectors. Innovation and modification in trend analy-
sis has accelerated over the last 30 years. Sen (2012, 2014) has
proposed an innovative trend analysis methodology and ap-
plied it in many scientific studies (Dabanl et al. 2016; Elouissi
et al. 2016; Tabari et al. 2017; Wu and Qian 2017; Mohorji
et al. 2017; Alashan 2018; Giiclii et al. 2018; Dabanli and Sen
2018; Almazroui et al. 2019; Alifujiang et al. 2020; Wang et al.
2020; Singh et al. 2021). Sen et al. (2019) introduced IPTA,
and Ceribasi et al. (2021a) introduced a modified version of
IPTA called ITPAM. Sen (2021) proposed trend polygon star
concept method. In the literature, few studies applied these
new trend tests for the analysis of hydrometeorological data
(Sen et al. 2019; Ceribasi et al. 2021a, b; Ceribasi and Ceyhunlu
2021; Sen 2021; San et al. 2021; Hirca et al. 2021; Ahmed et al.
2022; Achite et al. 2021). When previous studies were examined
in the selected study area of SRB, Potohar region, Pakistan, no
study was found in which hydrometeorological data were ana-
lyzed by applying innovative methods. Hussain et al. (2021) is
the only study in which the monthly and annual temporal trends
of rainfall data were analyzed using the MK trend test and
Sen’s slope estimator in the SRB, Potohar region, Pakistan. The
comparison of the present study with Hussain et al. (2021) for
the rainfall data series is given in Fig. 7. According to the com-
parison, the classical MK test provides information on increas-
ing and decreasing trends while the newest test ITPAM also
give no-trend information along with risk category and trend
class. Hussain et al. (2021) found variations in monthly rainfall,
that is, all stations showed a decrease in rainfall in December,
and March with MK trend analysis while ITPAM analysis
showed an increasing trend of rainfall in these months except
in high land stations such as Murree and Satra Meel. MK test
showed significant increasing and decreasing trends in June
and August months, while ITPAM indicated in July and
August months. Some stations in some months showed good
agreement in trend detected with MK and ITPAM techni-
ques, but the results obtained by ITPAM provide more infor-
mation from a practical point of view, that is, indicate the
monthly transition between the first and second dataset with
a degree of risk to understand climatological behavior of
study region. High land stations showed monsoonal rainfall
shift in both trend test toward lowland station such as Murree
to Massan stations, possibly due to their location. The high
mountain stations such as Murree receive early onset of mon-
soon rainfall currents transported from Bay of Bengal later
fall in northeast part deflected by Himalayas. Ali et al. (2020)
also observed the monsoonal shift at Murree station from
1971 to 2010.

According to literature studies from the twentieth century,
there is a shift in rainfall patterns at regional scales as well as on
global scales due to global warming (Bradley et al. 1987; Maheras
1988; Diaz et al. 1989; Yu and Neil 1993; Rodriguez-Puebla
et al. 1998). As for Pakistan’s situation, precipitation indicated
an increasing annual trend in the northern, northeastern, and
northwestern regions (Ahmad et al. 2015; Ahmed et al. 2017)
and a decreasing trend in the central and southern parts of
the country (Hanif et al. 2013; Hussain and Lee 2014). The
north and northwest coastal areas showed significant de-
creasing rainfall trends, whereas the southwest part and
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TABLE 5. Statistical results of IPTA method of monthly rainfall data of each station in SRB.

Jan— Feb- Mar- Apr- May- Jun- Jul- Aug-  Sep- Oct-  Nov- Dec—
Station Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan

Massan
Arithmetic mean
Trend length (mm) 28.10 1195 4684 8096 20.76  87.35 35.68 104.20 22.53 26.57 726 1843

Trend slope 4.93 0.84 0.00 0.59 1.46 1.60 0.36 1.04 1.23 1.30 1.57 0.64
Std dev
Trend length (mm) 25.74 722 68.08 80.56 17.74 33.78 3555 58.39 12.13 20.31 830 16.24
Trend slope -4737 -—-116 -0.10 0.33 1.65 3.12 0.16 1.06 —0.01 1.12 4.80 0.60
Chakwal

Arithmetic mean
Trend length (mm) 45.77 6.13 1834 2225 64.84 77.51 68.11 136.87 66.38 23.73 2.14 3216

Trend slope 2.19 61.30 423 0.44 0.91 1.10 -0.02 0.66 0.68 0.57 —1.08 0.51
Std dev
Trend length (mm) 35.94 817 2416 2332 4672 2223 35.68 20.83 54.06 23.93 2.17 3793
Trend slope 541 -0.12 4.45 1.18 319 —0.43 -0.07 2.33 0.25 041 -1.14 0.32
Fathejhang

Arithmetic mean
Trend length (mm) 63.61 4425 2250 46.14 71.35 188.60 47.68 203.19 76.34 22.56  20.57 1546

Trend slope 147 -185 -0.35 0.75 3.46 0.90 -0.20 1.05 0.54 049 -0.01 16.95
Std dev
Trend length (mm) 68.78 6046 17.83 4787 66.07 49.79 6.03 68.19 33.77 17.94  20.02 7.62
Trend slope 290 -1047 -1.14 1.03 3.90 0.44 1.58 3.71 0.52 0.21 025 -—-2.94
Jhelum

Arithmetic mean
Trend length (mm) 26.16 426 2388 2229 5830 238.76 31.20 212.41 77.29 21.13 9.65 3374

Trend slope 077 -1.69 0.76 0.50 0.87 0.85 —2.38 0.68 1.01 097 17.89 0.72
Std dev
Trend length (mm) 25.67 3021 37.79 3288 4149 12742 4949 7271 41.29 28.48 16.88 12.55
Trend slope 0.18 3.65 0.87 1.22 1.55 0.35 0.09 039 —58.55 0.46 3.09 0.67
Mangla

Arithmetic mean
Trend length (mm) 33.88 16.72 4279 15,51 5197 216.52 57.71 181.97 85.70 24.62 1441 30.63

Trend slope 129 -1.51 216 -0.13 0.55 1.14 -1.37 0.61 1.10 1.06 3.61 0.68
Std dev
Trend length (mm) 25.48 3242 4223 1894 27.88 102.03 8.65 72.83 74.57 2714 2735 2044
Trend slope 148 —2.35 3.82 0.44 0.42 0.35 090 —0.35 2.62 0.90 428 —0.21
Rawalpindi

Arithmetic mean
Trend length (mm) 68.22 2.63 6197 32,62 6346 339.89 16.80 258.76  146.33 3588 19.00 34.86

Trend slope 1.64 —1.82 2.10 0.36 0.98 0.86 -0.83 0.73 0.99 2.10 1.92 0.81
Std dev
Trend length (mm) 44.50 3641 5735 4570 5546 166.44 8434 51.03 84.61 4832 3627 12.89
Trend slope 1.09 -0.80 -3.93 0.44 1.09 0.47 -0.09 0.42 1.85 2.77 241 0.47
Islamabad

Arithmetic mean
Trend length (mm) 62.89 512 5523 3194 6030 374.05 28.40 242.08 164.90 36.28 25.56  40.96

Trend slope 1.58 0.30 1.54 1.17 1.27 0.78 1.24 0.72 0.83 2.17 2.25 0.57
Std dev

Trend length (mm) 37.38 38.73 4240 4725 5114 24446 158.88 9.96 116.08 48.13 4423  28.89

Trend slope 1.65 —0.67 -—5.43 0.97 2.10 0.25 —0.04 1.11 0.91 2.87 223 —-0.02
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TABLE 5. (Continued)

Jan— Feb- Mar- Apr- May- Jun- Jul- Aug-  Sep- Oct-  Nov- Dec—
Station Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan
NARC
Arithmetic mean
Trend length (mm) 46.59 1295 3454 40.08 79.83 288.59 4450 22842 152.05 2145 26.62 22.02
Trend slope 134 —-1.78 133 -0.40 2.13 0.68 -1.71 1.03 0.34 1.44 0.53 0.41
Std dev
Trend length (mm) 38.45 2351 1509 5349 26.09 134.16 58.88  71.11 82.61 13.66 46.94 13.50
Trend slope 2.07 112 -223 -137 0.24 0.89 —12.98 0.71 0.65 0.76 0.49 0.97
Satra Meel
Arithmetic mean
Trend length (mm) 57.13 15.63 61.08 43.88 80.38 343.41 922 23221 161.56 53.18 25.67 40.32
Trend slope 226 —0.22 1.88 0.40 1.27 0.83 29.09 0.87 0.79 1.58 0.80 1.00
Std dev
Trend length (mm) 42.37 19.50 5431 49.83 4334 143.71 27.63 4395 140.60 4144  37.02 12.62
Trend slope 338 —-1.08 -—-3.33 0.40 1.18 0.61 —0.65 0.02 0.59 3.27 1.09 0.83
Murree
Arithmetic mean
Trend length (mm) 85.05 16.05 42.08 83.82 115.02 229.22 60.89 173.18 141.02 40.99 2612 94.68
Trend slope 1.09 1.24 0.78 0.68 0.92 0.88 1.20 0.66 0.86 3.34 0.59 0.70
Std dev
Trend length (mm) 37.45 29.09 3428 8943 78.69  59.90 40.17 3324 69.37 4242 7626 35.12
Trend slope 0.06 —143 —445 0.55 0.51 5.52 —-1.04 0.80 0.24 1.71 0.37 —2.11
Kotli Sattian
Arithmetic mean
Trend length (mm) 45.12 2345 6848 37.14 6791 256.67 9498 17277 117.41 19.15 19.33 58.74
Trend slope 1.17 0.60 0.98 0.60 0.69 1.12 —441.00 0.42 1.09 2.25 3.17 0.82
Std dev
Trend length (mm) 24.60 50.31 58.61 41.99 3935 104.38 4513  48.36 99.61 15.10 33.64 2273
Trend slope -0.16 8.16 1.26 0.83 3.19 0.36 047 —1.30 242 —81.08 1.56 0.72

the plains areas have nonsignificant trends (Salma et al.
2012). Safdar et al. (2019) analyzed the northern Pakistan
monsoonal rainfall and observed a significant decreasing trend
(17.58 mm yr~!) from 2010 to 2017. There is an adverse impact
of climate change on the rainfall systems of Pakistan either
by seasonal variations or by intensity modifications (Naheed
et al. 2013). According to PMD, there has been a slow but
steady spatial rainfall shift from the north to the west side.
Similar findings indicate that the center of monsoon rains is
Punjab, but the concentration of rainfall is moving slowly
and steadily toward Khyber Puktonkhuwa (Chaudhry et al.
2009).

In this study, the results of two graphical methods (ITPAM
and trend polygon star concept) represented the increasing
and decreasing trends of rainfall in SRB, which indicated the
impact of climatic change and shows there is a need to adopt
an integrated approach to managing available water resources
for agricultural practices. Moreover, these newest methods
provided information on the degree of risk and trend class
with the interpretation of monthly and seasonal shifts in cli-
matological variable (precipitation) in terms of standard devi-
ation and arithmetic mean graphs. These indicators are
helpful tools for decision-makers to manage water resources
in SRB.

Brought to you by University of Maryland,

5. Conclusions

The innovative trend pivot analysis method (ITPAM) and
trend polygon star concept method were applied to total
monthly rainfall data of 11 stations in Soan River basin
(SRB), Potohar region, Pakistan. As a result of the study,
ITPAM created two different graphs, that is, it developed the
innovative polygonal trend analysis (IPTA) graph and the
risk graph. The importance of the ITPAM and risk graphs
was analyzed by the facts finding that a high class month in
ITPAM graph was not first-degree risk graph. This finding in-
dicated a significant change between the first and second data-
sets of that month, which represents the high risk factor in
that month. It was also analyzed that some points in first cate-
gory of risk class have a medium-degree trend in the risk and
ITPAM graphs, respectively. This behavior represents the im-
portance of ITPAM, which is used to manage many engineer-
ing applications such as water resources supply, irrigation
practices, agricultural activities, and hydroelectric power gen-
eration. Moreover, trend lengths and trend slopes of rainfall
data were calculated. The size of trend lengths and trend
slopes show the variability between months. For example, us-
ing rainfall data for the Rawalpindi station, maximum trend
lengths for the arithmetic mean and standard deviation are
339.89 and 166.44 mm, respectively, in June and July, while
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TABLE 6. Statistical results of trend polygon star concept method of monthly rainfall data of each station in SRB.

Jan- Feb- Mar- Apr- May- Jun- Jul- Aug- Sep—- Oct- Nov-  Dec-
Stations Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan
Massan
Arithmetic mean
Horizontal (mm) —5.58 —9.16 —46.84 69.71 —11.72 —46.19 -33.60 7236 1423 1620 —390 -—-15.51
Vertical (mm) 2754 -7.67 —0.07 4116 —17.14 —74.13 -12.02 7498 1747 21.06 —6.13 —9.97
Std dev
Horizontal (mm) 0.54 —470 -67.76 7642 —921 —10.32 -35.12 40.13  12.13 1353 —1.69 —13.95
Vertical (mm) —25.73 5.48 6.56 2549 -—15.16 —32.16 —5.50 4241 -010 1514 —-8.12 831
Chakwal
Arithmetic mean
Horizontal (mm) —19.05 0.10 4.22 20.37 —48.01 —52.14 -68.09 11433 5491 20.58 145 —28.67
Vertical (mm) —41.62 6.13 17.85 8.96 —4358 —57.35 1.36 7525 3731 11.81 —1.57 -—14.56
Std dev
Horizontal (mm)  —6.54 8.11 5.29 15.08 —13.97 —20.44 -35.60 821 5243 22.13 1.44 -36.15
Vertical (mm) —-3534 —0.95 23.57 17.79 —44.58 8.75 2.47 19.14  13.17 9.11 —1.63 —-11.48
Fathejhang
Arithmetic mean
Horizontal (mm) —35.76 —21.05 21.24 36.83 —19.83 —140.50 —46.76 13992 67.13 20.27 —-20.57 —0.91
Vertical (mm) —52.60 3892 742 27.80 —68.54 —125.81 9.31 147.34 36.36 9.91 0.18 —15.44
Std dev
Horizontal (mm) -22.45 —5.75 11.78 3326 —1640 —4551 322 1776 2995 17.56 —-19.43 2.45
Vertical (mm) —65.02 60.18 —13.39 3442 —-64.00 —2020 -—5.10 65.83 15.60 368 —481 =721
Jhelum
Arithmetic mean
Horizontal (mm) —20.77 2.17 19.05 19.95 —-4394 -—181.75 —12.08 175.75 5439 1521 —054 -27.45
Vertical (mm) —15.90 —3.66 14.40 9.92 —3832 -—154.84 2877 11930 5491 14.68 —9.63 —19.63
Std dev
Horizontal (mm) —25.25 —7.98 28.44 20.83 —22.49 —120.22 49.31 67.81 —-0.71 2591 —520 -10.44
Vertical (mm) —-4.63 -29.14 24.88 2545 —3487 —42.23 4.19 2625 4128 1183 -16.06 —6.95
Mangla
Arithmetic mean
Horizontal (mm) —20.77 9.23 18.00 1538 —45.54 —143.08 —34.08 15531 57.77 1692 —-3.85 -2531
Vertical (mm) —26.77 —13.95 38.82 —1.99 -25.05 -162.52 46.58 9482 6331 17.88 —13.88 —17.25
Std dev
Horizontal (mm) —14.24 12.67 10.69 17.37 —-25.66 —96.40 6.42 68.67 26.56 20.17 —622 -20.02
Vertical (mm) —-21.13 -29.84 40.85 756 —10.89 —33.41 580 —2428 69.68 18.16 —26.63 4.14
Rawalpindi
Arithmetic mean
Horizontal (mm) —35.51 1.27 26.62 30.70 —45.36 —25714 1292 208.57 10424 1544 878 —27.12
Vertical (mm) —-5825 231 55.96 11.04 —44.38 —222.27 10.73 153.15 102.69 3238 —16.85 -21.91
Std dev
Horizontal (mm) —30.11 2836 —14.15 4175 -37.43 —150.52 84.03 47.02 4020 1642 —-13.93 -—11.65
Vertical (mm) —-32.77 —22.83 55.58 18.58 —4091 -71.04 -7.31 19.82 7445 4545 -—-3349 551
Islamabad
Arithmetic mean
Horizontal (mm) —33.57 4.90 30.06 20.75 —37.24 —295.55 17.82  196.67 126.89 15.19 —10.38 —35.54
Vertical (mm) —53.18 1.48 46.33 2428 —47.43 —229.26 2211 141.15 10531 3295 -23.35 -20.37
Std dev
Horizontal (mm) —19.34 32.14 —7.68 3397 —-2198 -237.08 158.75 6.68 8573 1582 —18.11 -—28.88
Vertical (mm) —-31.99 -21.62 41.70 32.85 —46.17 —59.60 —6.60 740 7827 4546 —40.35 0.67
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TABLE 6. (Continued)

Jan- Feb-  Mar-  Apr- May- Jun- Jul- Aug- Sep—- Oct- Nov-  Dec-
Stations Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan
NARC
Arithmetic mean
Horizontal (mm) -—27.87 —6.33 20.74 3722 —33.94 -—238.94 2250 159.07 144.13 1224 —-23.48 —20.34
Vertical (mm) —37.34 1130 27.62 —14.87 -—7225 -161.82 3839 163.92 4843 17.62 —12.55 —844
Std dev
Horizontal (mm) —16.74 15.66 —6.18 31.56 —2539 -100.09 —4.52 58.03 6926 10.88 —42.17 9.71
Vertical (mm) —34.61 17.53 13.77 —43.18 —-599 —89.35 5870  41.09 45.02 826 —20.62 9.37
Satra Meel
Arithmetic mean
Horizontal (mm) -—23.11 —15.28 28.66 40.76 —49.71 —263.66 0.32 17528 126.83 2843 —20.01 -—28.50
Vertical (mm) —52.25 332 53.94 16.23 —63.17 —220.04 922 15231 100.08 44.94 —-16.07 —28.51
Std dev
Horizontal (mm) —12.03 1323 -15.63 4624 —28.07 —122.74 -2320 4393 120.85 1213 -2497 -9.73
Vertical (mm) —40.62 —14.33 52.01 18.58 —33.02 —-74.74 15.00 1.00 7186 39.63 —27.34 —8.03
Murree
Arithmetic mean
Horizontal (mm) —57.37 10.08 33.18 69.16 —84.71 —-172.41 3899 144.62 10688 11.76 —22.50 -—=77.70
Vertical (mm) —-62.79 12.49 25.88 4736 —77.81 —151.06 46.77 9528 9199 3927 -—1327 -54.11
Std dev
Horizontal (mm) —37.39 1671 -7.52 7839 —70.12 —10.68 —27.87 2594 6746 2144 -—71.42 15.07
Vertical (mm) —-2.06 —23.81 33.45 43.05 —-3570 —58.94 2892 20.78 16.16 36.60 —26.73 —31.72
Kotli Sattian
Arithmetic mean
Horizontal (mm) —29.32 —20.08 48.85 31.89 —5596 -170.70 —-0.22 159.53 79.42 777 =582 —45.36
Vertical (mm) —-3429 -12.12 47.99 19.04 —38.47 —191.68 94.98 66.32 8648 17.50 —1843 —-37.32
Std dev
Horizontal (mm) —24.30 —6.12 36.39 3228 —11.78 —98.16 40.88 29.52  38.00 —-0.19 -—18.12 -—18.42
Vertical (mm) 3.86 —49.94 45.94 26.86 —37.55 —35.49 19.11 -38.31 92.08 15.10 —2835 -—13.32

values of 2.10 and —3.93 are obtained for the maximum trend
slopes, respectively, in March and April. These values show
that the transition between 2 months is severe.

Trend polygon star concept method calculated monthly
direction of horizontal (first-half duration) and vertical (second-
half duration) projections, monthly amount changes (increasing
or decreasing), and slope of total rainfall data for each station.
With this analysis, it was possible to observe the maximum

and minimum change amounts between the averages of
two successive months according to the size of trend lengths
and trend slopes. Trend polygon star concept arrows for each
station were in I and III regions, showing the transition be-
tween two months for rainfall datasets using arithmetic mean
and standard deviation. The highest transition was observed in
August-September (A-S; highly increasing) and June—July
(J-J; highly decreasing) between two months in all the stations

Part of Mann—Kendall (MK) Test

Innovative Trend Pivot Analysis Method ITPAM) |

basin 3 4 5 6 7 8 9
Murree
Satra Meel
Kotli Sattain
Islamabad
NARC
Rawalpindi
Mangla
Middle land [Jhelum
Fathejhang
Chakwal
Massan

High land

Lowland

No trend

10 11 12|11 2 3 4 5 6 7 8 9

10 11 12

Decreasing trend Increasing trend

ing trend ing trend

Significant d

FIG. 7. Comparison of trend tests (MK and ITPAM) for total monthly rainfall data based on
results from this study and from Hussain et al. (2021). The asterisk represents trend at a = 0.05

level of significance.
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based on the arithmetic mean. J-J is representing the highest
transition in most of the stations under standard deviation.
Four months (D-J, J-F, M-J, and J-J) of all stations showed sig-
nificant transitions within region IIT (decreasing trend) under
the arithmetic mean. Arrows showing transitions between
other months (M-A, A-M, A-S, S-O, and O-N) are in region I
(increasing trend). The standard deviation arrows showing the
transition between both months are in the first three regions.
Arrow direction in region II (IV) represents an increase (decrease)
in the first (second) half time duration, and the longest arrow indi-
cates the highest transition.

In this paper, monthly polygonal trends with risk graphs de-
pict a clear picture of climate change effects in the Potohar re-
gion of Pakistan. Monsoonal months’ (June, July, August, and
September) rainfall of all stations shows a complex nature of
behavior, and monthly distribution is uneven. There is a de-
creasing trend of rainfall in high land stations of Soan River
basin, with a significant change between the first dataset and
second dataset in July and August. It was also noted that
monsoon rainfall is increasing in lowland stations, indicating a
shifting pattern of monsoonal rainfall from highland to low-
land areas of the Soan River basin. There exist both increas-
ing and decreasing trends in different periods with evidence
of seasonal variations that will cause irregular behavior in the
water resources and agricultural sectors.
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