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Abstract: Climate change particularly changes in temperature and rainfall patterns have serious long-term influences,
mainly caused by human actions. It can leads to severe events like heat-waves, floods, increasing seas, and more
extreme weather, which in turn affects across various aspects of socioeconomic factors, ecosystems, hydrology,
health, and global warming. Temperature and rainfall are essential climatological variables that are being
comprehensively studied across the Karachi city to understand and manage their dynamic nature. The objective of
this study is to analyze the trend, magnitude, and change points in climatic variables to investigate their variability
in the urban city Karachi. Rainfall and temperature datasets for the Karachi station from 1980 to 2020 was used.
Monthly and annual precipitation as well as temperature (maximum, and minimum) was analyzed for possible trends
using nonparametric Mann-Kendall (MK) test, while the Sen’s slope (SS) estimator was used for magnitude of a
trend. The Pettitt’s test was applied to detect the abrupt change point in climatic variables. The results revealed
increasing trend in annual and monthly maximum temperatures while for minimum temperature all the months
illustrated significant increasing trend in the study period. The SS estimator revealed that the annual temperature
increased with rate of 0.025° € per year for the certain time interval. However, in contrast to variation in the
temperature trend, the mean annual rainfall of the study period was observed 180.4 mm with no significant increasing
trend while 366.8 mm rainfall was observed in the month of the August 2020. The only month of the February has
statistically significant decreasing trend with rate of change of 0.097mm/year and no significant trends was
present for all other months. This study provides evidence that can aid policy adaptation, and addressing climate
change by responding extreme events like floods and heat-waves.
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1. Introduction

Climate change plays a crucial role on the environment, socio-economic, and related sectors,
including water resources, agriculture, food security, human health, and forest diversity, and is known as
most threatening challenges facing humanity (Alibuhtto et al., 2019; Caloiero and Guagliardi, 2021). The
temperature and rainfall are known as essential variables in the area of environmental and climatological
sciences used to study trend detection, the magnitude of climate change, and trend-changing years (IPCC,
2007; Asfaw et al., 2018; Aucahuasi-Almidon et al., 2024).

Several researchers across the world have reported on the applications of trend detection for modeling
climatic variables (Jhajharia et al., 2012; Zakwan & Ahmad, 2021; de Oliveira-Jinior et al., 2022).
Heureux et al., (2022) investigated the spatial and temporal variations of climatic trends in perspective
of the observed data and the occurrence of expected extreme conditions that may influence the long-term
efficiency of the four primary crops (namely wheat, cotton, rice, and sugarcane) in the Punjab and Sindh
provinces, using the non-parametric approach MK test. However, in the past few decades, a decline in
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rainfall patterns was observed in the coastal and arid regions of Pakistan. The mainstream regions of
Pakistan, including Sindh, most of Balochistan, southern Punjab, and central parts of Gilgit-Baltistan,
experienced arid to semi-arid climates with annual rainfall less than 250 mm. Only northern regions like
parts of Punjab and Khyber Pakhtunkhwa receive sufficient rainfall to support humid conditions (Salma
etal., 2012).

Karachi is one of the biggest city of Pakistan, faces significant challenges from climate change that

impact its urban ecosystem, public health, and infrastructure resilience. The temporal variations of
climate in Karachi exhibit a multifaceted interaction of factors influenced significantly by urbanization,
climate change, and seasonal patterns. Karachi's climate is considered as hot arid and classified under
the Koppen-Geiger classification as hot arid climate (Bughio et al., 2020). This classification is known
as sign of the city's long, hot summers and comparatively mild winters, which supports with observed
trends of increasing temperatures over recent years due to global warming (Mahmood et al., 2022).
One amazing reason of Karachi's climatic variability is the monsoon season, which usually extents from
July to September. However, study of Fazal & Hotez, (2020) shows that while the timing of the monsoon
season has remained largely stable over the last 25 years, the intensity and distribution of rainfall during
this period have demonstrated significant unpredictability. Consequently, this variation can lead to both
drought conditions and urban flooding in different years, severely impacting the local population and
infrastructure. The interaction of increasing urbanization and climate variations has intensified these
extremes, leading to heightened risks of flooding and heat-waves (Iftikhar & Igbal, 2024).

However, despite its prime importance, an inclusive assessment of Karachi's climate trends remains
limited. Most studies focus either on temperature or rainfall in separation along with simple trend
techniques, often over short time periods. Furthermore, the long-term analysis of Karachi's distinctive
climate desires, integrating both temperature and rainfall extremes with robust statistical approaches like
change point analysis, is missing and extremely essential for urban planning and adaptation.

This lack of a comprehensive, long-term analysis using hard diagnostic techniques requiring
policymakers a solid evidence necessary to efficiently order adaptation policies. For example, it is
uncertain if the well-established urban development of Karachi in the 1990s caused an obvious regime
shift in local climate histories. Therefore, an important gap exists in understanding the highlighting trends
and possible change points in Karachi's historical climate datasets, which is important for projecting
future risks assessment and strengthening in this growing metropolitan city.

To address the highlighted research gap, this study aims to provide a comprehensive assessment of
historical climate trends (both temperature and rainfall) in Karachi from 1980 to 2020. The study aims
to focus the following distinct objectives:

1. To investigate long-term trends in annual and monthly temperature datasets.

2. To estimation trends in annual and monthly total rainfall datasets.

3. To highlight statistically significant year of changing points in the temperature and rainfall
datasets to identify the timing of possible climatic shifts.

This type of study has not previously been applied in Karachi city to analyze trends and determine
abrupt changes in climatic variables simultaneously.

The paper is designed as under: Section 2 describes the data and methodology, Section 3 presents the
results, and discusses, and Section 4 provides the concluding remarks."

Study Area

Karachi is the provincial capital city of Sindh, known as one of the most highly populated cities in
South Asia (with about 27 million people and an annual growth of 3.5%). Karachi is largest city in
Pakistan, covering an area of 3,527 square kilometers. It serves as the economic and financial center of
the country and ranks among the ten most populous cities globally. Geographically, it is located between
latitudes 24°45" and 25°15'N, and longitudes 66°37" and 67°37' E.

The wind speed in Karachi remains high for more than half of the year, including the monsoon blow
south-west while in winter the wind changes to east and north-east maintain an average temperature of
21°C (Anwar, 2012). In Karachi, a severe heat wave was experienced in June 2015, with a highest
temperature of 45°C (Irfan et al., 2018). It has a long coastline in the south with the Arabian Sea.

In general, the climate of Karachi is pleasant, though it is infrequently highly humid and has a
moderately temperate climate. The coolest month, January, has an average temperature of 18°C, whereas
the hottest month, June, has a temperature that varies from 27°C to 32°C. The region has a dry climate
with mild winters and hot summers. Consequently, its climate is marked by insufficient and variable
rainfall (Bakhsh et al., 2011). The average annual rainfall is about 125-256 mm, but in certain years,
rainfall is higher, as in 2022, when 862 mm was recorded during the monsoon season in history (PMD,
2022). The geographical map of Karachi region is presented in Figure 1 (Baqa et al., 2021).
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Figure 1. Geographical map of Karachi city.
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2. Data set and Methodological Analysis

In this study, the climate datasets used consist of the annual, monthly maximum and minimum
temperatures and monthly total rainfall records obtained from the Pakistan Meteorological Department
(PMD) Karachi station, situated at 24°54'N and 67° 56 'E. The dataset contains a period of 40 years

(1980-2020) covering the area of Karachi.

Every field, including climatology, meteorology, and space research uses statistical analysis in
various ways. Exploratory data analysis; an approach used in meteorological and climatological studies
to observe the behavior of time series. It determined descriptive statistics i.e., mean median, variance,
and standard deviation (Jan et al., 2018; Kabbilawsh et al., 2022; Dawadi et al., 2023). The broad
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framework of modeling approaches is thoroughly explained in Figure 2 and subsequent sections.
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Figure 2. Flow Chart of methodological framework.
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2.1. Trend Analysis Approaches
2.1.1. Description of Mann—Kendall (MK) Tests

The MK test is known as an important approach to detecting the manifestation of increasing or
decreasing trends within a series of datasets. Many researchers used the rank-based nonparametric MK
test in their studies to evaluate the magnitudes of a trend in climatological datasets (Hanssen-Bauer,&
Forland, 1998; Zakwan & Ahmad, 2021; Chattopadhyay et al., 2012; Asfaw et al., 2018; Hussain et al.,
2019; Farooq et al., 2021; Sharma, & Adhikari, 2022; Porwal, & Choudhary, 2023). Mathematically, the
MK test can be written by considering the statistic S as

n-l n -1, x<0
S= Z Z sgn(x]- - xl-),where sgn = {0, x=0 (D
i=1 j=i+1 +1, x>0

where, x; and x; are the time series data points, n is the length of the datasets.

The null hypothesis Hy reveals that a time series {x;:t = 1,2, ...n} consist of independent and
identically distributed (i.i.d.) datasets. Conversely, the alternative hypothesis H; suggests the existence
of a monotonic trend within the series {X;}. Where, the mean E[S] and variance V[S] of the statistic S
are defined by the formula:

1
Var[S] = 18

n(n—1)(2n + 5) —Zt,.(t,. —1)(2¢; + 5) )

where, m is the number of tied values, and t; is the number of data points for the ith
values(Narwal et al., 2023). Under the null hypothesis, the quantity standard normal Z is obtained
mathematically as

S-1
—_—, $>0
JVar(S)
Z=10, S=0 3
S+1
§$<0

JVar(S) '

Here, the value of Z denotes the MK test statistic. It follows standard normal distribution with a mean
of 0 and variance of 1, the null hypothesis of no trend is rejected if |Z| > Z,/, where a is the significance
level (Ray et al., 2021; Sharma, & Adhikari, 2022; Porwal, & Choudhary, 2023; Narwal et al., 2023).
Furthermore, the Kendall’s 7 is defined as

Sl

2 nn—1) )
where, the symbol S’ indicates the Kendall’s sum and evaluated as S’ = L — M, where L is the number
of cases with (xj - xi) > 0, and M represents the number of cases for which (xj - xi) <0.
Since, Kendall’s 7 is a statistical parameter that can be obtained after implementation of the MK test.
This correlation metric measures the degree of correlation between two variables. The value of parameter
T depends on the ranks of data, thus it can range between -1 and +1, with a positive relationship
suggesting that the ranks of both variables increase simultaneously. Similarly, a negative value of T
indicates that both variable’s inversely related. This indicates Kendall’s 7 is an important parameter to
assure when performing if two variables are interconnected (Singh & Choudhary, 2023).
Autocorrelation is an important technique to detect trends in a time series datasets. Even in the absence
of considerable trends, autocorrelation makes it possible to obtain them, and vice versa. When
autocorrelation occurs in the time series datasets, the observed significance levels of the unique MK trend

test are significantly deviates largely from nominal significance levels (Kocsis et al., 2020; Singh &
Choudhary, 2023).

2.1.2. Description of Sen's Slope Estimator Test (Magnitude of Trend)

The Sen's slope estimator was applied to measure the magnitude of a trend in climatological datasets.
Unlike traditional linear regression, which can be sensitive to outliers and assumes normally distributed
errors, Sen’s slope estimator contribute robustness against outliers and not obey the assumption of normal
distribution (Sy et al., 2021). To estimate both the slope and intercept according to Sens method, we used
following mathematical equation;

dk:f

-
= 1l<i<<sn) ..(5
where the slope represented by d, Y indicates the variable, n represents the number of observations, and
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i, j are indices (Ray et al., 2021; Dubey et al, 2023; Jigin et al., 2023).

2.1.3. Homogeneity Test

The Pettitt test, also referred to as the Homogeneity test, is a non-parametric statistical procedure used
to identify a single change year in the central tendency of a univariate time series, indicating a shift in
the median of the distribution. This test is particularly useful when the data do not follow a normal
distribution or contain outliers. It identifies the point where the data's distribution shifts abruptly, making
it valuable for analyzing trends in fields like hydrology, climatology, and economics (Kocsis et al., 2020;
Singh and Choudhary, 2023). It describes the null hypothesis ( H,); there is no change in variation
against the alternative hypothesis that Hjthere is a change in variations. The Pettitt test statistic is based
on the ranks of the data and is calculated as:

Ky = max|Ug| v (6)

t n
U; = Z Z sign(x; — x;)

i=1 j=t+1

where, U, can be defined as

and
1, if (xt - x]-) >0
sign(xt - x]-) =40, if (xt - xj) =0
-1, if (xt - x]-) <0
The test statistic measures the frequency with which a participant from the first sample exceeds the
performance of a participant from the second sample. The lack of a change point serves as the null

hypothesis in Pettitt's test (Conte et al., 2019; Kocsis et al., 2020). For computation purpose, statistical
software XLSTAT version 2014 was used (XLSTAT, 2014).

3. Results and Discussions

3.1. Descriptive Statistics and Magnitude of temperature trend analysis

To understand the general behavior and magnitude of temperature over Karachi city, the dataset used
to compute monthly (maximum & minimum) and annual temperature from 1980 to 2020 in perspective
of the simple linear regression analysis with the significant trends. The statistical parameters identify
mean, minimum (min.), maximum (max.) and standard deviation (std.). For this purpose, it is necessary
to present the characteristics of the data series at first.

Tables 1 and 2 depicted the descriptive statistics of annual, maximum, and minimum temperatures,
respectively. We carry out the parameters max., min., mean, and std., of each data set of temperature to
check the variability over the entire year as well as aggregated by monthly (January to December) as
shown in Tables 1 and 2.

The annual average value of max., temperature is 32.3° C with a standard deviation of 0.497. A
minimum value of 24.4° C with std., 0.899 observed for max., temperature during the month of January
while 37.7 ° C(with std., 0.993) recorded during month of May. Similarly, for min., temperature the
lowest value recorded 8.4° C (std. 1.493) in the month of January, and max., value 0 29.8 ° C with a std.
of 0.597 in the month of Jun. These suggested investigating the temperature trend over time to identify
patterns and variations.

Table 1. Results of monthly Max., and annual temperature (°C); Descriptive Statistics, Sens’s Slope, and
MK test for Karachi from 1980 to 2020 (o = 0.05).

Descriptive Statistics and MK Test results

Basic statistics Trend estimation
Slonths MK tau | Sen.’s SI Trend
Min. Max. Mean | Std. Dev (T)au en. (ss) ope p-value ren
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Jan 244 | 285 26.3 0899 | 0.063 0.007 0.583 No
Feb 260 | 313 28.5 1375 | 0.236 0.043 0.034 Yes
Mar 298 | 362 323 1439 | 0228 0.044 0.041 Yes
e 321 | 366 34.8 1.064 | 0229 0.036 0.008 Yes
Wiy 339 | 387 | 356 0933 | o0.156 0.019 0.165 No
Tun 343 | 377 | 356 0.790 | 0232 0.023 0.039 Yes
oy 280 | 36.7 335 1269 | 0232 0.025 0.040 Yes
i 305 | 346 323 0.921 0.342 0.042 0.002 Yes
S 313 | 362 | 333 1.134 | 0215 0.028 0.050 Yes
Oct 323 | 370 | 354 1.037 | 0.140 0.019 0.212 No
Nov 304 | 339 325 0892 | 0.148 0.015 0.190 No
Dec 259 | 310 | 283 1.047 | 0.042 0.004 0.717 No
Annual | 313 | 334 323 0497 | 0.078 0.002 0.011 Yes

Table 2. Results of monthly Min., temperature (°C); Descriptive Statistics, SS, and MK test for Karachi
station from 1980-2020 (o = 0.05).

Descriptive Statistics and MK Test results
Months Basic statistics Trend estimation
Min. Max. Mean | Std. Dev Ml(i)tau Sen.’(ss)S lope p-value Trend
Jan 8.4 14.8 11.6 1.493 0.289 0.063 0.009 Yes
Feb 9.5 18.2 14.2 1.862 0.466 0.093 0.001 Yes
Mar 14.3 21.7 18.8 1.349 0.522 0.075 0.001 Yes
Apr 18.6 25.7 233 1.435 0.551 0.075 0.001 Yes
May 24.1 28.1 26.7 0.885 0.490 0.047 0.001 Yes
b 27.1 29.8 28.4 0.597 0.377 0.026 0.001 Yes
July 25.7 29.4 27.7 0.754 0.338 0.027 0.003 Yes
Aug 24.2 28.1 26.4 0.825 0.293 0.031 0.009 Yes
Sep 23.4 27.4 25.8 0.901 0.349 0.038 0.002 Yes
Oct 18.1 25.7 22.3 1.764 0.489 0.083 0.001 Yes
Nov 13.8 20.2 17.1 1.692 0.439 0.095 0.001 Yes
Dec 9.2 15.9 12.8 1.480 0.305 0.059 0.006 Yes

Moreover, the linear trend of monthly (from Jan to Dec) max., min., and annual time series (1980-to-
2020) of temperature dataset of Karachi was presented to check existence of trend as revealed in the
Figures 3, 4, 5 & 6 in perspective of the simple linear regression analysis with their significant trends.
Furthermore, substantial increasing trend for annual max., and annual min., temperature variation from
0.025 °C to 0.06°C (Figures 3 & 5) were observed respectively.

In addition, seven months such as Feb, Mar, Apr, Jun, Jul, Aug, and Sep have given significant
increasing trend while other five months i.e., Jan, May, Oct, Nov, and Dec given non-significant
increasing trends for monthly max., temperature as revealed in Table 1 and Figure 4. For min.,
temperature all the months revealed a significant increasing trend as shown in the Figure 6, and Table 2.
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Figure 3. Annual time series plots for Karachi city with trend, significant year of changing point and
shift in the mean Max., temperature (°C) in the year 1980-2020.
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Figure 4. Monthly time series plots for Karachi city with trend, significant year of changing points and
shift in the mean Max., temperature (°C) in the year 1980-2020.
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Figure 6. Monthly time series plots for Karachi city with trend, significant year of changing points and
shift in the mean Min., temperature (°C) in the year 1980-2020.

3.2. Descriptive Statistics and Magnitude of rainfall trend analysis:

In this section, the annual and monthly datasets of rainfall amount for Karachi station were analyzed
to depict the characteristic and variability. The mean annual precipitation amount during the entire period
(1980-2020) was observed 180.4 mm along standard deviation of 133.4 mm as shown in Table 3.
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Similarly, min., rainfall recorded as 0.00 mm on monthly basis while max., 366.8 mm rainfall was
observed during month of August 2020 with 84.5 mm standard deviation. According to Pakistan
Metrological Department (PMD) Karachi was experienced highest rainfall 862mm (in Gulshan-e-
Hadeed) recorded in the year 2022 during the monsoon season with 308% above average rainfall in
month of July. It has been noted that no significant increasing trend for annual rainfall about 1.844 mm
per year (Figure 7).

These results revealed that only one month (February) gives significant downward trend with -0.259
mm per year while other eight months such as Jan, May, Jun, Aug, Sep, Oct, Nov, and Dec give upward
trend (no significant) and other three months Mar, Apr and July give downward trend (no significant) for
monthly rainfall datasets as revealed in the Figure 8.

Table 3. Results of monthly, and annual rainfall (mm); Descriptive Statistics, SS, and MK test for Karachi
station from 1980-2020 (o = 0.05).

Descriptive Statistics and MK Test results
Months Basic statistics Trend estimation
b
Min. Max. Mean | Std. Dev Ml(i)tau Sen. (SS)S lope p-value Trend
Jan 0.0 89.3 8.6 16.53 0.019 0.00 0.877 No
Feb 0.0 32.2 6.3 9.15 -0.259 -0.097 0.026 Yes
Mar 0.0 73.4 4.5 12.9 -0.028 0.000 0.828 No
Apr 0.0 47.6 3.1 10.4 -0.227 0.000 0.083 No
May 0.0 5.0 0.16 0.811 0.054 0.000 0.700 No
Jun 0.0 110.2 11.3 26.2 0.119 0.000 0.337 No
July 0.0 270.4 51.6 68.4 -0.017 0.000 0.888 No
Aug 0.0 366.8 68.7 84.5 0.064 0.069 0.568 No
Sep 0.0 212.6 18.9 40.7 0.184 0.000 0.132 No
Oct 0.0 39.3 2.04 7.42 0.147 0.000 0.258 No
Nov 0.0 8.3 0.53 1.592 0.073 0.000 0.575 No
Dec 0.0 61.3 4.35 11.067 0.112 0.000 0.365 No
Annual 0.0 481.5 180.4 133.2 0.064 1.003 0.571 Yes
500
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Figure 7. Annual time series plots for Karachi city with trend, significant year of changing point and
shift in the total annual rainfall (mm) for the year 1980-2020.
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shift in the total rainfall (mm) in the year 1980-2020.

3.3. Trend estimation for climate change

It is known that the MK and Sen’s slope estimator (SS) tests were applied on annually and monthly
scale to identify increasing or decreasing trends (at significance level a=0.05) or not and for the
magnitude (°C or mm/year) of the trends (Asfaw et al., 2018). In the MK test, the negative values show
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a decreasing trend, while a positive value indicates an increasing trend. The Sen’s slope estimation value
is applied to identify the change per unit time of these trends.

The result of the MK and Sen’s Slope estimation test has been obtained for the max., temperature for
each month of the year, as well as for the annual data for the Karachi station (Table 1). These results
revealed that most of the months have shown increasing trend at a 5% significant level in monthly max.,
temperature. The remaining months have shown no significant increasing trends. It is also revealed an
increasing trend in annual temperature (t = 0.078,s = 0.043°C/year,p = 0.011). From Table 2, it has
been observed that all months exhibit statistically significant increasing trends in monthly min.,
temperature.

The study reports, an uncertain but persistent warming trend (~0.025 °C/year) in the years 1980 to
2020 at Karachi region. Many studies highlights the possible factors such as urbanization, monsoon
patterns, and large-scale atmospheric circulation may contributed to the warming trend in Karachi
through the urban heat island effect (UHI), wherein densely built environments absorb and retain heat
more than surrounding rural areas (Rizvi et al., 2019; Arshad et al., 2020, Iftikhar & Igbal, 2024). These
patterns can increase in persistent heat-wave, such as Karachi experienced in 2015, a severe heat wave
that caused in the deaths of approximately 1,200 people (Kamal, 2022).

It is noted that Karachi receives most of its annual rainfall during the southwest monsoon season,
roughly from July to September. However, total monsoon rainfall in Karachi is somewhat low and highly
variable in comparison to other regions of Pakistan, particularly the northern and northeastern parts where
monsoon rains are heavier and more consistent (Rasul et al., 2005; Qureshi et al., 2023). Table 3 revealed
that only February have obtained statistically significant decreasing trend on monthly rainfall with T =-
0.259,s = —0.097mm /year, p=0.026, and no significant trends were found for other months as well as
in annual rainfall. These results suggested that insignificant variations in rainfall is a matter of concerns
for various sectors of society, including land use planning and management, commerce, drainage system
in urban areas, water board, as well as the economy, tourism, and agriculture sectors.

3.4. Homogeneity test analysis for the climate data series

It is known that identifying change points using the Pettitt’s test offers valuable insights into abrupt
shifts in time series datasets; contribute significant physical and practical implications over different
fields such as climatology. However, a careful consideration of data characteristics and suitable
diagnostic techniques is important for precise analysis and application.

In this section, the Pettitt’s test was applied in which the null hypothesis was that there is no shift in
the mean dataset whereas the alternative hypothesis was that there is a certain point at which a variation
can be identified and the mean of the dataset shift at this change point. The Pettitt’s test results were
used to identify inhomogeneity in the mean annual, mean monthly max., min., temperature, and total
rainfall dataset for the whole series from 1980-2020 are presented along with empirical significant level
(p-value) in Table 4, Table 5, and Table 6, respectively. The inhomogeneity was estimated for a
significance level of 95%, and the change of the breakpoints was observed.

The results obtained from Pettitt’s test revealed that a significant changing year in the annual mean
max., temperature occurred in 1997, which shows that annual mean max., temperature in the last 23 years
is significantly greater than that of the previous years. Due to the shift in average, the temperature for the
annual mean max., was 32.07°C before the changing year (red line in Figure 3), while it was 32. 62°C
after the changing year (green line in Figure 3). This indicates a shift in the regional temperature system
(i.e. warming trend) as shown in the Figure 3.

Similarly, statistically significant changing points for monthly max., temperature were detected in
March, April, Jun, July, Aug, and September. In these months, overall significant shifts of mean is
upward, and the change points occurred in 1997, 1997, 2012, 2005, 1996, and 2004 respectively as
presented in Table 4. This could reflect comprehensive global climate patterns, such as increasing heat-
waves, rising season changes, or increasing energy demands.

Conversely, the absence of a statistically significant change point in January, February, May, October,
November, and December means there is no evidence of an unexpected or rapid change in the median of
temperature during the observed period. Physically, such results revealed consistent behavior for max.,
temperature in these months with respect to abrupt transition as shown in Table 4 and Figure 4 (red line).
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Table 4. Results of monthly Max., and annual temperature; Pettitt’s homogeneity test (p values with
significant changing points are in black) for Karachi station from 1980-2020 (o = 0.05).

Months Pettitt’s homogeneity test results
Change point | Two-tailed test Shift Risk to reject null hypothesis

(per year) (p value) (5%)
Jan 1998 0.884 Constant 88.2
Feb 1991 0.099 Constant 9.87
Mar 1997 0.018 Increasing 1.82
Apr 1997 0.004 Increasing 0.4
May 2008 0.286 Constant 28.62
Jun 2012 0.015 Increasing 1.47
July 2005 0.038 Increasing 3.81
Aug 1996 0.013 Increasing 1.32
Sep 2004 0.041 Increasing 4.10
Oct 1990 0.600 Constant 69.99
Nov 1997 0.297 Constant 29.72
Dec 1997 0.784 Constant 78.43
Annual 1997 0.003 Increasing 0.25

In case of mean min., temperature dataset, a significant changing year was also observed in mean
min., annual temperature in 1997 as depicted in Figure 5. Due to the shift in average, the annual mean
min., temperature was 20.45°C before the break point (red line in Figure 5), while it was 21. 95°C after
the break point (green line in Figure 5). Similar, significant years of changing point (upward shift) in
min., temperature datasets for all months, were occurring between 1996 and 2006 as shown in Figure 6,
and Table 5. This indicates a possible permanent upward shift in min., temperature, consistent with
observed regional warming trends in Karachi city.

Table 5. Results of mean monthly Min., and annual temperature (°C); Pettitt’s homogeneity test (p values
of the significant year of changing points are in black) for Karachi station from 1980-2020 (a = 0.05).

Pettitt’s homogeneity test results
Months Change point Two-tailed test (p 5 Risk to reject null hypothesis

(per year) value) GO (5%)
Jan 1997 0.017 Increasing 1.68
Feb 1998 0.000 Increasing 0.01
Mar 2000 0.0001 Increasing 0.01
Apr 1997 0.0001 Increasing 0.01
May 1997 0.0001 Increasing 0.01
Jun 1997 0.006 Increasing 0.56
July 2005 0.001 Increasing 0.07
Aug 2006 0.005 Increasing 0.54
Sep 2004 0.000 Increasing 0.02
Oct 1996 0.0001 Increasing 0.01
Nov 1996 0.0001 Increasing 0.01
Dec 1996 0.001 Increasing 0.06
Annual 1997 0.011 Increasing 1.14

Similarly, Pettitt’s test approach applied to annual and monthly rainfall series exhibited upward shift
with no significant change points as illustrated in Figure 7 and Figure 8. This directs a homogeneous
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rainfall pattern over the study period in the region, with no evidence of sudden shifts in the timing or
amount of rainfall at either the monthly or annual scale as shown in Table 6. Some previous studies
showed that rainfall in Karachi has decreasing and fluctuating trends with no strong, universal abrupt
shift observed (Ali et al., 2020; Akhtar and Abbas, 2021).

These evidences may suggest rainfall patterns in Karachi may have slow shifts (e.g. in seasonality,
timing, intensity) rather than a sudden change in monthly or annually total rainfall over decades. Pettitt’s
tests may not detect a distinct change point however there is a trend. It’s possible that the key climate
factors, such as sea surface temperatures, monsoon patterns, and large-scale atmospheric conditions have
not changed in a way that produces a strong, or abrupt shift in Karachi’s overall rainfall. For example,
while warmer sea temperatures could increase more moisture to the air, that doesn’t necessarily result in
more rainfall if the atmospheric systems aren’t favorable for rainfall. In some cases, these factors may
even counterbalance each other.

Table 6. Results of monthly, annual total rainfall; Pettitt’s homogeneity test (p values with significant
changing points are in black) for Karachi station from 1980-2020 (o = 0.05).

Months Pettitt’s homogeneity test results
Change point | Two-tailed test Shift Risk to reject null hypothesis

(per year) (p value) (5%)
Jan 1989 0.263 Constant 26.31
Feb 2003 0.089 Constant 8.93
Mar 1999 0.605 Constant 60.47
Apr 1985 0.078 Constant 7.80
May 1996 0.514 Constant 51.38
Jun 1995 0.288 Constant 28.79
July 2010 0.909 Constant 90.89
Aug 2005 0.210 Constant 21.02
Sep 2004 0.055 Constant 5.53
Oct 1996 0.090 Constant 9.03
Nov 1992 0.583 Constant 58.33
Dec 2003 0.265 Constant 26.47
Annual 2005 0.320 Constant 32.01

The analysis of climate variables in Karachi from 1980 to 2020 reveals a clear upward trend in
temperature, indicating a consistent warming pattern over the past decades. In contrast, rainfall trends
during the same period appear statistically insignificant, suggesting high inter-annual variability without
a definitive directional change. This difference between temperature and rainfall trends highlights the
complexity of Karachi’s increasing climate and highlights the cumulative impact of urban heat effects
and broader regional warming, even as rainfall patterns remain irregular and less predictable.

4. Conclusions

The identification of trends in climate change is a foundation of environmental science and important
for the planning organization of natural assets, cultivation techniques, and adaptation to changing climate
conditions. This research was a sincere effort to inspect the long-term climate trends revealed by the
region of Karachi over the defined time period 1980 to 2020 using non-parametric statistical approaches,
such as the MK, SS estimation, and Pettitt’s tests. Following conclusions were obtained from the study.

1. Karachi city revealed a significant increasing positive trend in the mean annual and monthly
max., and min., temperature during the studied time period of 40 years.

2. The mean annual temperature in the study region ranged from 31.1° C to 33.4° C with annual
average temperature of 32.3° C and increased at an annual rate of 0.025 °C per year for max.,

temperature while for min., temperature it was 0.06° C per year during the study time period
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1980 to 2020. These results are very close to the global warming rate i.e 0.6°C estimated in last
decades (Asfaw et al., 2018).

3. Additionally, the mean annual rainfall for the selected period was recorded 180.4 mm with
standard deviation of 133.4 mm while 366.8 mm rainfall was recorded during month of August
2020 with 84.5 mm standard deviation.

4. The annual rainfall experienced no significant increasing trend while on monthly basis only
February shown statistical significant decreasing trend with T =-0.259,s = —0.097mm/year,
and no significant trends were obtained for other months.

5. Besides this, the shift in the mean maximum temperature was observed heterogeneous at annual
and monthly time scales. A significant (p < 0.05) step jump (shift) upward was observed in the
time series of annual mean max., temperature in the year 1997, and on monthly basis overall
significant shifts of mean is upward and diverse change points occurred. Whereas, some months
showed not significant shift i.c. they are considered as homogencous.

6. In case of mean minimum temperature, similar significant upward shift were observed for both
mean minimum annual as well as monthly minimum temperature. These results highlight a
significant climate shift in Karachi.

7. Furthermore, for the annual and monthly time series datasets of precipitation, there is no
significant shifts were detected by the Pettit’s test approach. This indicated that that both annual
and monthly datasets of precipitation showed homogenous.

These finding highlights needful information on historical climate trends in Karachi, which is a
necessary foundation for informing future adaptation policy planning in Karachi.
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