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Abstract- The monthly ground-based precipitation data from 39 stations were utilized to
analyze the variation in Punjab Province from 1960-2019. The Mann—Kendall method
was employed to evaluate precipitation spatial-temporal trends. There are also major
periods, from 1974 to 1977 and 2009 to 2015, with rising yearly precipitation. The
southern Punjab area noted a greater value of the coefficient of variation (CoV) for yearly
precipitation. Summer & winter season showing increasing trend on overall stations. In
contrast, autumn and spring show a decreasing trend for many stations. It can be found

that the Punjab province has become wetter in summer and winter from the period of
1961 to 2019.
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1 Introduction

The world climate seems to be varying at an exceptional rate. Punjab province of Pakistan is facing severe climatic
catastrophes such as floods and droughts. It is extremely affected by the social, environmental and economic losses due to
climate change [1]. It should be emphasized that 2005 and 2010 saw the majority of the catastrophic floods. It affects many
people, land, crops, and property. Over 450 medical management centres, nearly a million homes, and nearly 90% of the
regions used for food restoration were all destroyed [2]. According to a study, the 2010 flood in the Chenab and Jhelum
was the worst since it caused more damage than the tidal wave disasters of 2004, 2005, and 2009, the earthquake
catastrophes in Pakistan, and the earthquakes in the Caribbean countries combined [3]. Drought is also frequent in Pakistan,
influencing social, economic, and environmental society [4]. Droughts have become more common and intense over the
past 20 years. It has the worst effect on Punjab province's economy the most from 1998 to 2001 [5]. The drought from
2000 to 2002 is considered the worst since it caused many fatalities, widespread migrations, agricultural failures, and a
water crisis. 2.2 million persons were impacted nationwide [6].

Precipitation is an essential factor that significantly affects the likelihood of severe climatic occurrences. Therefore, it is
essential to comprehend precipitation properties properly as it forms the foundation of analyses of drought and flooding.
Numerous research on precipitation trends has been conducted [7], [8]. Precipitation trends throughout the long or short
term are mostly identified utilizing two approaches, i.e., Mann Kendall test and Sen’s slope [9], [10]. Additionally, few
articles on the study of precipitation, flooding, and drought in this area have been published [1]. Few studies have
concentrated on this basin's long- and short-term precipitation study [11]. Therefore, a long term and thorough examination
of precipitation variability for the Punjab province, Pakistan, is required.

This research examines the precipitation series' spatial and temporal variation. This study aims to: (1) get the fundamental
properties of precipitation at various time scales; (2) get the trend and variations in precipitation, and (3) analyze extreme
precipitation occurrences from 1961 to 2019.

2 Study Area

Punjab Province (Figure 1) is located at 31°79°48” Latitude and 74°12°36”° Longitude with a total area of about 205,344
square kilometers and covers almost 26% of Pakistan. Punjab is the second largest province of Pakistan. This province's
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climate consists of tropical and costal climates, with annual mean precipitation of less than 400 mm [12]. In the cool zone,
the yearly average temperature ranges from less than 7 to 12 degrees centigrade to more than 25 degrees centigrade in the
scorching lowlands. The wet season, known as the monsoon, lasts from July -September. The sub-mountain area averages
960 mm of annual rainfall, whereas the plains receive 460 mm [13]. The ratio of rainfall fluctuates by around 50 mm/month
in the rest of the months. Thus, irrigation water from canals is utilized to grow crops during this period.

The monthly climatic data for all stations is extracted from spatial data and downloaded from the NASA Earth science
data website. Table 1 shows the statistics from 1961 to 2019 of 39 ground stations in Punjab. These stations were chosen
depending on their past temporal analysis, consistency, and totality of data; their locations are shown in Figure 1.

Table 1 Overview of 39 ground-based observation data in terms of annual and monthly mean precipitation

Monthly Annually

Cities Maximum — Minimum Mean Mean Eﬁ:ﬁﬁﬁ v
[mm] [mm] Precipitation precipitation
(mm] (mm] mm}

Islamabad 621.87 0.88 80.55 966.57 82.17 1.02
Bahawalnagar 137.64 0.75 16.71 200.47 21.82 1.31
Bahawalpur 154.84 0.60 13.27 159.23 17.89 1.35
Rahimyar Khan 149.25 0.74 13.22 158.66 17.45 1.32
Dera Ghazi Kha 173.66 0.71 18.78 225.39 23.84 1.27
Layyah 119.52 0.48 15.54 186.53 19.04 1.22
Muzaffargarh 135.20 0.59 14.43 173.15 19.30 1.34
Rajan Pur 173.35 0.91 16.16 193.97 2191 1.35
Faisalabad 195.42 0.74 29.68 356.22 37.15 1.25
Jhang 133.58 0.65 22.14 265.74 26.15 1.18
Toba Tek Singh 144.60 0.67 22.12 265.44 27.04 1.22
Gujarat 329.50 0.57 43.56 522.77 50.66 1.16
Gujranwala 1 307.94 0.58 45.06 540.71 54.09 1.20
Gujranwala 2 354.63 0.57 48.27 579.22 57.13 1.18
Gujrat 563.93 0.72 69.17 830.08 84.12 1.22
Hafizabad 266.92 0.55 36.85 442.21 43.38 1.18
Narowal 1 547.96 0.79 76.28 915.37 96.34 1.26
Narowal 2 402.14 0.74 57.78 693.36 72.68 1.26
Sialkot 524.90 0.76 69.25 831.03 86.67 1.25
Kasur 196.60 0.59 32.03 384.30 40.30 1.26
Lahore 240.22 0.68 40.82 489.78 50.64 1.24
Nankana Sahib 212.93 0.59 32.39 388.63 39.74 1.23
Okara 1 153.64 0.63 25.00 300.03 32.26 1.29
Okara 179.86 0.62 26.58 318.91 33.68 1.27
Sheikhupura 258.98 0.61 40.27 483.26 49.11 1.22
Khanewal 99.37 0.44 14.05 168.61 17.63 1.25
Lodhran 109.94 0.40 10.97 131.63 14.07 1.28
Multan 117.05 0.38 11.87 142.48 15.74 1.32
Pakpattan 137.09 0.58 19.15 229.79 23.73 1.24
Sahiwal 144.56 0.61 21.30 255.58 26.87 1.26
Vehari 98.89 0.60 13.98 167.71 17.40 1.24
Attok 278.79 0.55 45.00 540.05 40.78 0.91
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Chakwal 284.49 0.56 41.12 493.47 40.86 0.99
Jhelum 411.55 0.57 53.46 641.50 59.50 1.11
Rawalpindi 511.13 0.74 68.07 816.89 67.00 0.98
Bhakkar 116.24 0.47 19.42 233.07 21.64 1.11
Khushab 179.53 0.65 29.03 348.32 31.03 1.07
Mianwali 196.10 0.48 32.11 385.31 32.90 1.02
Sargodha 226.45 0.66 31.93 383.22 36.94 1.16
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Figure 1: Study area of Punjab province, Pakistan, with the network of 39 ground-based observations

3 Methods

3.1 Mann-Kendal test (MK Test)

In the current investigation, the non-parametric trend diagnosis MK test was employed. Trends in metrological temporal
data series have been extensively detected using the MK test [14], [15]. The approach is resilient against outliers and
missing numbers and is less susceptible to abrupt breakpoints [16]. The test is susceptible to a serial correlation which
might impact the test outcomes [17], [18]. The sequential correlation strategy was used in the present study to assess the

Paper ID. 22-713 Page 3 of 10



&&U 4™ Conference on Sustainability in Civil Engineering (CSCE’22) é“““””%e

?’m‘{ Department of Civil Engineering H

© it . . . . §
\N'””'F/ Capital University of Science and Technology, Islamabad Pakistan

statistical significance of trends in the climatic data set before the MK test was run. The MK test whole process is described
by [19], [20]. The standardized MK statistic “S” is calculated as:

S= Z1znzi+1$gn(yz = Ym) (D
+1Y: > Ym
sgn(V; =Ym) =70 Yz = Im (2)
1Y < Ym

where m is the series length, and y, ym is the sequential values of data. If n is greater or equal to 10, then the S statistic is
typically dispersed, and the variance is given by

E(S) =0
Variance(S) = m(m—-1)2m+5) — YiL,s;(s; —1)(2s; +5)/18 3)

where n is the number of tied groups, and s; is the size of the isth sth group. The test statistic Z is computed by:

( (s-1)
Jvar($)S > 0
Z=4{ 0 S=0 @)
) s<o0
Jvar(S)

The MK test Z statistics have a null hypothesis of no trend and follow the normal distribution with an average of 0 and a
variation of 1[21]. The statistics Z positive and negative values indicate rising and falling tendencies.

4 Results

4.1 Features of average annual precipitation of all ground-based stations

The average annual precipitation is 131.63 to 966.57 mm for 39 ground-based stations from 1961 to 2019 (Table 1). The
Bahawalpur and Rajan pur stations, situated in the province's southern region, had the largest coefficient of variation (CoV)
of the average annual precipitation. In contrast, Attock station had the lowest CoV, measuring 0.91 (north of the Punjab
province). The yearly mean precipitation for 39 meteorological stations is shown in Figure 2.

As Figure 2 demonstrates, there are significant fluctuations in the yearly precipitation between 1961 and 2019. In
Southern Punjab, the year with the most precipitation, 404 mm, was recorded at the Dera ghazi khan station, and the year
with the least 69 mm, was recorded at the Lodhran station. While in central and northern Punjab, the maximum & minimum
precipitation were recorded at Narowal (with at least 1390) & Pakpattan (with at least 141) and Islamabad (with at least
1390) & Bhakkar (with at least 149).

In Northern Punjab, like Islamabad (1976, 2006, 2010, 2015), and Central Punjab, like Sialkot (2006) and Narowal (1988,
1990, 1995, 1997, 2006) are stations with annual precipitation above 1200 mm. There are also two major periods, from
1974 to 1977 and 2009 to 2015, in which most station's yearly precipitation is mostly rising. These finding are in line with
the outcomes of [22].
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Figure 2: Annual averaged precipitation series for 39 ground-based stations
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4.2  Statistical characteristics of monthly precipitation for all ground-based stations

Some statistical details of the monthly precipitation series at 39 ground-station stations are reported in Table 1. The
average annual precipitation is 10.97 to 80.55 mm for 39 ground-based stations from 1961 to 2019. The maximum mean
monthly precipitation is found in Dera Ghazi Khan (Located in southern Punjab), Narowal (Central Punjab), and Islamabad
(Northern Punjab). The minimum mean monthly precipitation is found in Multan (Located in southern Punjab), Hafizabad
(Central Punjab), and Bhakkar (Northern Punjab). The Bahawalpur and Rajanpur station, situated in the southern province
region, had the largest coefficient of variation (CoV), 135% of the average annual precipitation, while the Attack station
had the lowest CoV, measuring 91 % (in the north of the Punjab province). The percentage is greater than 100% because
the data points are very distant from the mean.

The statistical information on average monthly precipitation for every station from 1961 to 2019 is presented in Table 2.
The station in north Punjab (Islamabad) had the highest average monthly precipitation in August, and the minimum average
monthly precipitation was observed in November. Similarly, the station in central Punjab (Narowal station) also had the
highest maximum monthly precipitation in August, while the lowest precipitation is found in November, respectively. On
the contrary, the station in the south (Multan station) had the lowest average monthly precipitation in April and maximum
in July. The results are consistent with the outcomes of [22].

Figure 3 depicts the temporal distribution of this basin's average monthly precipitation (as determined by the Thiessen
Polygon technique). More precipitation is observed in July and August and less from October to December, which is
intense in spring and summer.

Table 2 Monthly mean precipitation of all ground-based stations data from 1960 to 2019

Stations Jan Feb Mar Apr May Jun Jul Aug Sep Oct  Nov Dec
Islamabad 563 729 73.1 608 365 586 2106 236.1 91.8 225 149 324
Bahawalnagar 67 99 97 64 62 162 624 476 254 22 24 52
Bahawalpur 53 83 8.1 64 6.5 15.1 514 326 181 13 24 38
Rahimyar Khan 54 81 115 8.7 6.7 135 40.9 40.1 16.9 1.3 1.8 38
Dera Ghazi Kha 107 124 169 139 96 187 554 582 169 33 22 712
Layyah 8.1 106 126 102 6.7 13.0 49.5 47.5 18.1 2.0 1.9 6.2
Muzaffargarh 74 106 9.0 72 6.0 128 494 451 161 21 14 6.0
Rajan Pur 89 112 116 9.0 7.8 177 46.4 51.8 19.8 2.5 1.7 5.5
Faisalabad 157 172 184 123 108 307 950 984 417 49 30 82
Jhang 106 143 164 126 103 225 709 673 269 39 26 713
Toba Tek Singh 105 131 139 108 79 251 69.1 71.0 304 36 25 15
Gujarat 27.6 318 310 228 190 387 1292 1403 557 7.8 59 13.0
Gujranwala 1 268 29.1 266 186 18.0 468 140.0 1455 637 77 54 124
Gujranwala 2 31.0 333 304 206 185 459 1442 1559 706 8.1 6.1 145
Gujrat 425 479 466 287 238 573 2177 2233 995 131 9.0 206
Hafizabad 223 254 242 194 169 354 1083 1206 483 65 45 103
Narowal 1 55.6 465 424 204 19.1 679 2464 2504 1208 17.0 7.5 213
Narowal 2 354 361 319 185 181 614 1894 1928 770 104 6.6 157
Sialkot 434 429 397 235 214 640 2235 2275 1051 119 7.6 204
Kasur 169 156 168 95 103 328 1025 1012 605 72 32 718
Lahore 20.1 224 242 161 151 444 1411 1254 581 94 45 89
Nankana Sahib 182 198 192 141 133 336 996 1078 454 59 35 8.1
Okara 1 124 112 122 58 77 233 795 726 611 41 29 713
Okara 149 141 147 78 89 274 849 8.1 460 39 30 72
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Sheikhupura 21.8 247 240 172 164 430 1307 1292 54.4 7.7 4.6 9.6
Khanewal 6.5 109 8.1 53 6.7 148 47.4 42.9 154 21 20 63
Lodhran 52 10.1 72 4.1 62 93 41.7 26.1 13.4 14 20 50
Multan 6.0 103 72 45 58 99 449 32.7 12.0 1.9 1.6 58
Pakpattan 95 119 123 7.0 6.8 20.1 68.1 547 27.7 2.1 3.0 6.5
Sahiwal 11.0 127 136 74 72 225 709  68.1 297 26 27 12
Vehari 6.4 108 82 57 69 146  45.1 44.1 162 20 2.1 5.9
Attok 378 465 518 395 239 259 962 124.1 541 128 7.7 197
Chakwal 292 347 386 304 238 317 99.7  121.7 526 104 6.1 146
Jhelum 355 421 414 307 239 444 1549  165.0 666 113 79 178
Rawalpindi 499 625 626 51.0 337 522 1722 1928 80.5 198 127 27.0
Bhakkar 100 142 201 13.6 94 177 57.9 54.7 238 3.0 23 6.1
Khushab 159 214 281 195 172 25.1 82.4 84.8 349 6.1 39 9.1
Mianwali 177 252 386 268 191 220 760 976 409 83 35 97
Sargodha 169 222 259 204 190 264 953 1036 336 62 40 97
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£
£
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g
=
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Figure 3 Temporal trend analysis of ground-based precipitation year data from 1961 to 2019
4.3  Trends analysis of precipitation for all ground-based stations

Precipitation spatial trends for different seasons and the whole year from 1961 to 2019 are exhibited in Figure 4, where
0.05, showing the significant level.
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Figure 4 Spatial trends of precipitation for different seasons and a whole year

If |Z| is greater than 1.96, then the precipitation distribution is significant. When Z>1.96, it shows an increasing trend;
when Z<-1.96, it shows a decreasing trend. If the Z is less than 95 percent confidence level, it will be exhibited in terms
of increasing or decreasing trends.

As in figure 4, the summer & winter seasons show an increasing trend in overall stations. In comparison, autumn and
spring exhibit a decreasing trend for many stations. It is also noted that 37 stations show a significant decrease in autumn
while 2 have no significant trend. Twenty-three stations noted a significant decrease in spring, while 26 have no significant
trend. Moreover, no significant trend was found on an annual scale. These trends are consistent with the outcomes of [23],
which showed that India's rainfall trend decreased between 1949 and 2012. Our findings concur with [24], who discovered
negative trends in Iran's southeast and northwest between 1951 and 2009. This demonstrates that there has been a decline
in precipitation in this South Asian region, which is also indicated as having "mostly decreased" in the Fifth Assessment
Report of the Inter-Governmental Panel on Climate Variation [25]. The findings here demonstrate the need for good water
resource management in the Punjab province, which have the biggest populations and make up the majority of Pakistan's
overall agricultural output and the country's Gross Domestic Product.

5 Conclusion

In this study, the precipitation variations between 1961 and 2019 were evaluated. The annual precipitation decreased from
south to north. Some stations like Islamabad, Sialkot, and Narowal have annual precipitation exceed from 1200 mm. The
majority of occurrence falls from 1974 to 1977 and 2009 to 2015 with increasing precipitation. The higher variation is
noted in south Punjab in contrast to northern Punjab. The monthly precipitation follows the same trend from south to north.
High precipitation was observed from July to August, while low precipitation was noted from October to December.
Seasonal precipitation shows the different trends in different regions of Punjab. Winter and summer exhibit an overall
increasing trend, while a decreasing trend is noted in spring and autumn. Understanding these trends and adhering to the
recommended adaption techniques is necessary. Therefore, a better understanding Pakistan’s climate extreme (such as
floods and droughts) will lessen their negative effects in the future.

Paper ID. 22-713 Page 8 of 10



4™ Conference on Sustainability in Civil Engineering (CSCE’22)
«

i,
gf@”: Department of Civil Engineering
\HEM“)’F/ Capital University of Science and Technology, Islamabad Pakistan

References

[1] S. M. Alj, B. Khalid, A. Akhter, A. Islam, and S. Adnan, “Analyzing the occurrence of floods and droughts in
connection with climate change in Punjab province, Pakistan,” Natural Hazards, vol. 103, no. 2, pp. 2533-2559,
Sep. 2020, doi: 10.1007/S11069-020-04095-5/TABLES/6.

[2] R. Polastro, A. Nagrah, N. Steen, F. Z.-M. DARA, and undefined 2011, “Inter-agency real time evaluation of the
humanitarian response to Pakistan’s 2010 flood crisis,” humanitarianlibrary.org, 2011, Accessed: Jul. 29, 2022.
[Online]. Available: https://humanitarianlibrary.org/sites/default/files/2014/02/1266.pdf

[3] B. Khalid ez al., “Riverine flood assessment in Jhang district in connection with ENSO and summer monsoon
rainfall over Upper Indus Basin for 2010,” Natural Hazards, vol. 92, no. 2, pp. 971-993, Jun. 2018, doi:
10.1007/S11069-018-3234-Y.

[4] N. Mazhar, M. Nawaz, A. Mirza, K. K.-S. A. Studies, and undefined 2020, “Socio-political impacts of
meteorological droughts and their spatial patterns in Pakistan,” journals.pu.edu.pk, Accessed: Jul. 29, 2022.
[Online]. Available: http://journals.pu.edu.pk/journals/index.php/IJSAS/article/view/2989

[5] W. Adger, S. Hug, ... K. B.-P. in, and undefined 2003, “Adaptation to climate change in the developing world,”
Jjournals.sagepub.com, vol. 3, no. 3, pp. 179-195, 2003, doi: 10.1191/1464993403ps0600a.

[6] S. Anjum, L. Wang, J. Salhab, ... I. K.-J. of F., and undefined 2010, “An assessment of drought extent and impacts
in agriculture sector in Pakistan.,” cabdirect.org, Accessed: Jul. 29, 2022. [Online]. Available:
https://www.cabdirect.org/cabdirect/abstract/20113030681

[7] Z.Nawaz, X. Li, Y. Chen, Y. Guo, X. Wang, and N. Nawaz, “Temporal and spatial characteristics of precipitation
and temperature in Punjab, Pakistan,” Water (Switzerland), vol. 11, no. 9, Sep. 2019, doi: 10.3390/W11091916.

[8] S. Siddiqui and K. Javid, “Spatio-temporal Analysis of Aridity Over Punjab Province, Pakistan using Remote
Sensing Techniques,” Int.J.Econ.Environ.Geol, vol. 9, no. 2, pp. 1-10, 2018, Accessed: Jul. 29, 2022. [Online].
Available: https://www.researchgate.net/publication/337389183

[9] Fiaz Hussain, Ghulam Nabi, and Muhammad Waseem Boota, “RAINFALL TREND ANALYSIS BY USING
THE MANN-KENDALL TEST & SEN’S SLOPE ESTIMATES: A CASE STUDY OF DISTRICT CHAKWAL
RAIN GAUGE, BARANI AREA, NORTHERN PUNJAB PROVINCE, PAKISTAN,” Sci.Int.(Lahore), vol.
27(4), pp- 3159-3165, 2015, Accessed: Jul. 29, 2022. [Online]

[10] Z.Nawaz, X. Li, Y. Chen, Y. Guo, X. Wang, and N. Nawaz, “Temporal and spatial characteristics of precipitation
and temperature in Punjab, Pakistan,” Water (Switzerland), vol. 11, no. 9, Sep. 2019, doi: 10.3390/W11091916.

[11]  Z.Nawaz, X. Li, Y. Chen, Y. Guo, X. Wang, and N. Nawaz, “Temporal and Spatial Characteristics of Precipitation
and Temperature in Punjab, Pakistan,” Water 2019, Vol. 11, Page 1916, vol. 11, no. 9, p. 1916, Sep. 2019, doi:
10.3390/W11091916.

[12]  S. Siddiqui and K. Javid, “Spatio-temporal Analysis of Aridity Over Punjab Province, Pakistan using Remote
Sensing Techniques,” Int.J.Econ.Environ.Geol, vol. 9, no. 2, pp. 1-10, 2018, Accessed: Jul. 29, 2022. [Online].
Available: https://www.researchgate.net/publication/337389183

[13] S. M. Ali, B. Khalid, A. Akhter, A. Islam, and S. Adnan, “Analyzing the occurrence of floods and droughts in
connection with climate change in Punjab province, Pakistan,” Natural Hazards 2020 103:2, vol. 103, no. 2, pp.
2533-2559, Jun. 2020, doi: 10.1007/S11069-020-04095-5.

[14] L. Hamlaoui-Moulai, M. Mesbah, D. Souag-Gamane, and A. Medjerab, “Detecting hydro-climatic change using
spatiotemporal analysis of rainfall time series in Western Algeria,” Natural Hazards, vol. 65, no. 3, pp. 1293—
1311, Jan. 2013, doi: 10.1007/S11069-012-0411-2.

[15] P. Yang, J. Xia, Y. Zhang, and S. Hong, “Temporal and spatial variations of precipitation in Northwest China
during  1960-2013,”  Atmospheric  Research, vol. 183, pp. 283-295, Jan. 2017, doi:
10.1016/J.ATMOSRES.2016.09.014.

[16] R. Zamani, R. Mirabbasi, S. Abdollahi, and D. Jhajharia, “Streamflow trend analysis by considering
autocorrelation structure, long-term persistence, and Hurst coefficient in a semi-arid region of Iran,” Theoretical
and Applied Climatology, vol. 129, no. 1-2, pp. 3345, Jul. 2017, doi: 10.1007/S00704-016-1747-4.

[177] Y. Chen, Y. Guan, G. Shao, D. Z.- Water, and undefined 2016, “Investigating trends in streamflow and
precipitation in Huangfuchuan Basin with wavelet analysis and the Mann-Kendall test,” mdpi.com, vol. 8, no. 3,
Mar. 2016, doi: 10.3390/w8030077.

Paper ID. 22-713 Page 9 of 10



=

(18]

[22]

(23]

(24]

[25]

4™ Conference on Sustainability in Civil Engineering (CSCE’22)
Department of Civil Engineering
Capital University of Science and Technology, Islamabad Pakistan

S. A. Salman, S. Shahid, T. Ismail, E. S. Chung, and A. M. Al-Abadi, “Long-term trends in daily temperature
extremes in Iraq,”  Atmospheric  Research, vol. 198, pp. 97-107, Dec. 2017, doi:
10.1016/J.ATMOSRES.2017.08.011.

M. Kendall, “Rank correlation methods.,” 1948, Accessed: Jul. 29, 2022. [Online]. Available:
https://psycnet.apa.org/record/1948-15040-000

H. B. Mann, “Nonparametric Tests Against Trend,” Econometrica, vol. 13, no. 3, p. 245, Jul. 1945, doi:
10.2307/1907187.

Y. Hu, S. Maskey, S. Uhlenbrook, and H. Zhao, “Streamflow trends and climate linkages in the source region of
the Yellow River, China,” Hydrological Processes, vol. 25, no. 22, pp. 3399-3411, Oct. 2011, doi:
10.1002/HYP.8069.

S. Siddiqui and K. Javid, “Spatio-temporal Analysis of Aridity Over Punjab Province, Pakistan using Remote
Sensing Techniques,” 2018. [Online]. Available: https://www.researchgate.net/publication/337389183

A. K. Taxak, A. R. Murumkar, and D. S. Arya, “Long term spatial and temporal rainfall trends and homogeneity
analysis in Wainganga basin, Central India,” Weather and Climate Extremes, vol. 4, pp. 50—61, Aug. 2014, doi:
10.1016/J.WACE.2014.04.005.

S. H. Sadeghi, H. Nouri, and M. Faramarzi, “Assessing the Spatial Distribution of Rainfall and the Effect of
Altitude in Iran (Hamadan Province):,” https://doi.org/10.1177/1178622116686066, vol. 10, Mar. 2017, doi:
10.1177/1178622116686066.

IPCC, “Climate change widespread, rapid, and intensifying,” 2021. https://www.ipcc.ch/2021/08/09/ar6-wg1-
20210809-pr/ (accessed Feb. 05, 2022).

Paper ID. 22-713 Page 10 of 10



