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Extended Abstract

Introduction

Examining the intensity and patterns of extreme precipitation in recent years has become one of the
important topics of climatological studies, because these events are closely related to global warming
and changes in energy within the atmospheric system. Global studies indicate that in many regions,
including Central Europe and the western United States, the intensity and frequency of extreme
precipitation have shown an increasing trend. In some mid latitude and subtropical regions such as
Southeast Asia and the Mediterranean Basin, an increase in precipitation intensity has occurred
simultaneously with a decrease in the number of rainy days, which has led to a temporal concentration
of rainfall and an increase in hydrological hazards. The results of studies in the Eastern Mediterranean,
the Indian subcontinent, and research related to large scale atmospheric factors such as atmospheric
rivers and synoptic patterns also emphasize the role of atmospheric systems in strengthening extreme
precipitation. In Iran, numerous studies have examined the intensity, frequency, and spatial patterns of
extreme precipitation. The results of these studies show that the Sudan Low is the most important factor
producing heavy rainfall in the southern part of the country, and its activity is influenced by the Arabian
anticyclone and the subtropical jet stream. Some studies have also pointed to the role of solar cycles in
the temporal variability of precipitation and have reported a reduction in the temporal distribution of
rainfall and a tendency toward convective events during recent cycles. In addition, elevation is also
effective in intensifying extreme precipitation, and at elevations higher than 1500 m the effect of
topography on increasing rainfall intensity becomes more significant. The importance of this issue in
southern Iran becomes greater because this region lies under the simultaneous influence of several
moisture sources and atmospheric systems. Proximity to the Persian Gulf, the Gulf of Oman, and the
Arabian Sea, together with the influence of Sudanese and Mediterranean systems and southern airflows,
creates conditions in which precipitation in this region often has an unstable, convective, and torrential
nature. On the other hand, the presence of the extensive Zagros Mountains in the northern and eastern
parts of this region causes elevation to play an important role in intensifying or weakening precipitation.
Therefore, studying extreme precipitation in southern Iran without simultaneous attention to
atmospheric mechanisms, the elevation of stations, and large-scale temporal variability cannot provide
a complete picture of the behavior of these events.
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Nevertheless, many previous studies have either focused on synoptic factors or examined temporal
variations separately, and the simultaneous relationship between solar cycles and the altitudinal
distribution of extreme precipitation has received less attention. Therefore, the present study, with an
integrated approach, examines the simultaneous role of solar cycles and elevation classes in the changes
of extreme precipitation structure in southern Iran. The main objective of the research is to analyze the
trends and altitudinal pattern of extreme precipitation intensity in this region during the last three solar
cycles in the period 1986-2019.

Materials and Methods

The study area of this research is southern Iran, including the provinces of Ilam, Lorestan, Khuzestan,
Chaharmahal and Bakhtiari, Kohgiluyeh and Boyer Ahmad, Fars, Bushehr, Hormozgan, Kerman, and
Sistan and Baluchestan. The data used include daily precipitation time series from the main and
auxiliary synoptic stations of the Iran Meteorological Organization. Considering the objective of the
research in examining the relationship between extreme precipitation and solar activity, the statistical
period of the study was adjusted to three complete solar cycles (cycles 22, 23, and 24) corresponding
to the years 1986-2019. To increase the accuracy of spatial analyses, in each 11-year cycle only stations
with complete data were included in the calculations; therefore, the number of stations increased from
31 incycle 22 to 59 in cycle 23 and 99 in cycle 24. In the first stage, the maximum 24-hour precipitation
data were examined in terms of quality. The results showed that about 96% of the data had no defects,
and for the 4% of data with gaps statistical reconstruction methods were used. In order to ensure data
reliability, homogeneity and normality tests were also performed using the Anderson—Darling test at
the 95% confidence level. In the next step, considering the importance of topography in precipitation
distribution, the stations were classified based on 500-meter elevation classes in order to examine the
effect of elevation on extreme precipitation intensity in each solar cycle. Then, to identify heavy
precipitation events, a threshold of 10 mm was considered based on the R10mm index introduced by
ETCCDI. Finally, the frequency of precipitation events was calculated in 10 mm classes, and the
changes in their intensity and frequency in different solar cycles and elevation classes were analyzed
and compared.

Results and Discussion

The results of this study show that the maximum 24-hour precipitation on the southern coasts of the
country does not follow a linear trend. In other words, with increasing elevation precipitation does not
show a uniform increasing pattern. Instead, precipitation variability is a combination of convective and
orographic processes in which thermodynamic processes dominate over topographic effects. As a result,
below the 500 m level, with the onset of convective flows, convective rainfall begins, but extreme
precipitation with values exceeding 100 mm, which occurs at higher elevation classes, does not occur.
Access to abundant moisture sources from the warm southern seas and the mechanisms of atmospheric
systems affecting the region with tropical characteristics cause convective eddies to form along the
coastal belt as soon as the first unstable conditions dominate the region. Subsequently, coastal
topography increases the intensity of convective instability. These conditions continue up to an
elevation of about 1000 m, after which extreme 24-hour precipitation shows a noticeable decrease in
the 1000—1500 m elevation class. Above 1500 m, the increasing trend continues up to about 2500 m,
where meteorological stations are located. In fact, the 1000—1500 m elevation class represents a turning
point where the convective structure of systems changes into a combined convective—orographic
structure. It seems that the moisture advected into the incoming systems in the lower layer is discharged
by intense convective showers, and in the 1000—1500 m elevation class convective systems face a lack
of moisture due to the discharge of moisture in the lower layer. In addition, according to the synoptic
and thermodynamic pattern governing precipitation systems in this region, the moisture sources feeding
the systems differ at different levels. In these patterns, in the lower levels, due to strong moisture
advection—especially during the dominance of the Siberian and Tibetan high pressure tongues—
moisture is advected into the Sudan system in the lower layer, and with the addition of moisture sources
from the Intertropical Convergence Zone above the 850 hPa level through southern flows ahead of
troughs, heavy and flood producing rainfall in higher elevations is greatly intensified (Mashayekh et al.,
2023). However, in some particular synoptic patterns, convection can also occur at the lower levels if
sufficient moisture is available, producing torrential rainfall. For example, during the precipitation
system of 28 Azar 1404, the 24-hour precipitation amount at Khark Island station reached 137.9 mm
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and at Qeshm station 135.2 mm. In some events, precipitation intensity has even exceeded 200 mm and
has been accompanied by widespread and destructive floods, including the floods of 27-28 Azar 1404
and 67 Esfand 1402. In addition, in the elevation classes of 1500-2000 and 2000-2500 m the intensity
of 24-hour precipitation has increased. The number of months with an average precipitation of more
than 100 mm has increased significantly. During the 33-year statistical period, in the elevation class of
1500-2000 m a total of 21 months and in the class of 2000—2500 m 42 months with a monthly average
24-hour precipitation of more than 100 mm were reported. In terms of the month of occurrence of the
highest 24 hour means, December occurred four times, January three times, March four times, and
November four times. Therefore, the main concentration of extreme precipitation in southern Iran in
terms of temporal distribution is between November and March. Among these months, February has
the lowest frequency in producing extreme precipitation. This issue highlights the combined role of
orographic uplift and the strengthening of convective instability. Comparison of solar cycles also
showed that cycle 23 experienced the highest intensity and frequency of extreme precipitation. The
examination of monthly distribution also indicates that the peak occurrence of extreme precipitation is
in January, followed by a noticeable decrease in February and a renewed increase in March, while after
April such events occur rarely and in a scattered manner.

Conclusion

Therefore, the occurrence of torrential rainfall—especially in the elevated areas of Fars, Bushehr, and
Hormozgan provinces, where precipitation mostly occurs in liquid form—represents one of the most
important climatic hazards in these provinces. Considering that these events can be predicted within the
framework of synoptic patterns and that their main temporal concentration occurs in December and
January, issuing effective early warnings before the occurrence of such torrential rainfall and proper
runoff management can play an important role in reducing the damages caused by these phenomena.The
results of this study also showed that the systems responsible for the main precipitation of both the
warm and cold seasons in southern Iran, either independently or in combination with other atmospheric
systems, have particular dynamical and thermodynamical structures that show considerable similarity
with tropical precipitation systems. Among them, the Sudan Low, in a suitable configuration with the
Arabian and Siberian anticyclonic systems, plays the most important role in supplying moisture for
precipitation during the cold season in this region (Jafari et al, 2021; Lashkari et al, 2020; Mohammadi
et al, 2022; Lashkari et al, 2015; Mohammadi et al, 2019; Lashkari and Mohammadi, 2023; Zarrin et
al, 2005; Mohammadi et al, 2012).

Keywords: Altitudinal precipitation distribution, Extreme precipitation, Solar cycles, Southern Iran,
Tropical precipitation systems.
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Fig. 1: Location of the study area
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Table 1: Characteristics of the main synoptic stations in the southern half of the country

Station Name Longitude Latitude Elevation Station Name Longitude Latitude Elevation
Ahvaz 48.4 31.2 22.5 Baft 56.58 29.23 2280
Bostan 48.0 31.43 7.8 Shahdad 57.68 30.41 482
Behbahan 50.23 30.6 313 Sirjan 55.66 29.55 1767
Abadan 46.26 33.28 6.6 Shahr-e-Babak 55.13 30.1 1834.1
Omidiyeh 49.39 30.46 439 Kerman 56.96 30.26 1754
Masjedsoleyman 49.17 31.56 320.5 Rafsanjan 55.93 30.38 1524
Bandar Mahshahr 49.16 30.55 6.2 Kahnuj 57.71 27.99 499
Ramhormoz 49.59 31.27 150.5 Safashahr 53.16 30.59 2251
Bandar Deyr 51.93 27.83 4 Eghlid 52.63 30.9 2300
Bushehr 50.81 28.96 9 Neyriz 54.35 29.19 1632
Khark Island 50.32 29.27 -1.2 Doroodzan 52.45 30.18 1652
Darreh Shahr 47.4 33.13 670 Abadeh 52.6 31.18 2030
Dehloran 47.26 32.68 232 Fasa 53.41 28.58 1288
Ilam 46.43 33.63 1337 Kazerun 51.65 29.6 840
Mehran 46.18 33.11 150 Lar 54.28 27.68 792
Aligudarz 49.42 33.24 2022 Zarghan 52.71 29.78 1596
Alashtar 48.25 33.81 1567 Shiraz 52.36 29.32 1484
Noorabad Delfan 48.0 34.05 1859 Dehdasht 50.59 30.79 7933
Borujerd 48.75 3391 1629 Dogonbadan 50.49 30.2 726
Khorramabad 48.17 33.26 1147.8 Yasuj 51.33 30.41 1816.3
Borujen 51.18 31.59 2260 Zabol 61.54 31.09 498.2
Koohrang 50.7 31.26 2285 Zahedan 60.9 29.4 1370
Lordegan 50.49 31.31 1580 Iranshahr 60.72 27.23 591.1
Shahrekord 50.51 32.7 2048.9 Khash 61.19 28.23 1427
Hasan Abad 54.3 28.79 1098.2 Saravan 62.32 27.39 1182
Qeshm Island 55.91 2691 6 Chabahar 60.65 58.28 8
Abu Musa 455 25.5 6.6 Nikshahr 60.2 26.23 510
Kish Island 53.59 26.3 30 Safi Abad 48.28 33.24 143
Bandar Lengeh 54.5 26.32 22.7 Darab 543 28.8 1098
Siri Island 54.29 25.53 44 Mehrestan 61.7 27.1 1271

Bandar Abbas 56.22 27.13 9.8 Haji Abad 559 28.3 931
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Minab 57.5 27.6 29.6
Jask 57.45 25.38 52
Bam 58.35 29.1 1066.9

Lavan 53.4 26.8 22
Tonb Bozorg 55.3 26.2 -1
Pol-e-Dokhtar 47.7 332 71
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Table 2: Characteristics of the secondary synoptic stations in the southern half of the country

Name Longitude Latitude Elevation Name Longitude Latitude Elevation
Aghajari 49.8 30.7 143 Azna 49.41 33.45 1871.8
Dehdez 50.3 31.7 1457 Rimeleh 48.4 33.64 1650
Gotvand 48.8 322 70 Saman 50.87 32.44 2075
Shush 48.2 322 65 Parsian 53.04 27.22 59
Abdana 473 32.6 232 Rudan 57.19 27.46 219.6
Badr Abad 48.3 33.4 1155 Jiroft 57.717 28.7 722
Romeshgan 47.5 33.2 1089 Laleh Zar 56.83 29.52 2775
Sepid Dasht 48.9 332 1021 Zarand 56.57 30.8 1670
Ardal 50.1 333 2054 Anar 55.25 30.88 1409
Ilbegi 50.9 3255 1883 Izadkhast 52.13 31.53 2188
Farsan 50.6 323 2062 Estahban 54.05 29.14 1690
Ravar 56.5 31.2 1192 Zehak 61.68 30.9 495
Jahrom 53.5 28.5 1082 Mirjaveh 61.43 29.02 836
Likak 50.1 31 760 Imamzadeh Jafar 50.98 30.3 668
Basht 51 30.2 921 Si Sakht 51.47 30.84 2133.4
Rask 64.4 26.2 406 Noorabad Mamasani 51.54 30.07 972
Hendijan 49.41 30.25 3 Sepidan 52 30.23 2201
Lali 49.1 32.34 365 Arsanjan 53.28 29.93 1676
Shadegan 48.64 30.66 3 Takht-e Jamshid 52.89 29.92 1605
Hosseinieh 48.25 32.67 354 Bavanat 53.61 30.48 2231
Shushtar 48.83 32.05 67 Zarrin Dasht 54.43 28.35 1029
Izeh 49.86 31.85 767 Firouzabad 52.56 28.88 1362
Borazjan 51.17 29.25 89.9 Sarableh 46.58 33.79 1045
Jam 52.36 27.82 659 Kouhdasht 47.65 33.52 1197.8
Ivan 46.31 33.83 1170 Silakhor 48.87 33.74 1496.9
Lumar 46.83 33.56 850 Doroud 49 33.52 1522.3
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Table 3: Monthly and Annual Distribution of Maximum 24-Hour Rainfall during Solar Cycle 22 across the 0—

500 m Elevation Band
Month 1986- 1987- 1988- 1989- 1990- 1991- 1992- 1993- 1994- 1995- 1996- Average
87 88 89 90 91 92 93 94 95 96 97

October 0.75 21.43 0.16 5.85 23.41 0.11 2.85 5.73 8.45 0.61 6.3
November 60.58 4.72 8.87 20.31 12.64 6.08 10.69 8.61 99.06 0.63 2.89 21.37
December 58.05 4477 31.76 105.92 10.32 90.14 10.86 9.1 16.08 100.59 17.71 54.18
January 59 39.29 13.1 38.09 64.22 65.13 42.52 38.67 10.87 101.18 51.11 42.73
February 18.05 84.96 24.38 66.51 38.36 4581 105.11 1.82 32.92 59.89 1.27 43.55
March 83.27 23.78 31.78 8 57.91 26.5 12.14 35.36 51.3 94.37 133.18 50.69
April 3.15 26.17 6.24 15.7 5.61 4.81 34.29 6.65 25.63 19.37 17.13 14.97
May 0.1 0.08 1.49 0.13 0 3.02 2.19 2.5 0.87 2.27 1.37 1.27
June 0.08 0 0 0 0 0 0 0 0.18 2.39 0.87 0.32
July 2.71 1.72 0 0 0 0 0 0.48 13.29 0.93 0.03 1.74
August 1.59 0.23 0.31 0 0 0.22 0.17 2.13 0 0 0 042
September 0.08 0 0.02 0 0 0 0 0.01 0.54 0 0 0.05
Average 19.52 20.85 9.83 21.23 16.24 22.09 26.32 9.01 21.37 23.51 18.85 19.8
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Fig. 2: Variations in Maximum 24-Hour Precipitation in the 0—500 m Elevation Class during Solar Cycle 24 and

across the Three Solar Cycles
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Table 4: Monthly and Annual Distribution of Maximum 24-Hour Rainfall during Solar Cycle 22 across the 500—

1000 m Elevation Band
Month 1986- 1987- 1988- 1989- 1990- 1991- 1992- 1993- 1994- 1995- 1996- Average
87 88 89 90 91 92 93 94 95 96 97
October 0.5 9.71 0 0 15.5 15.51 6.65 11.21 0 04 54 54
November 71.25 0 9.5 445 17.71 3.51 0 148.46 1.51 16.76 31.03 31.03
December 48 79.7 25.85 106.17 19.31 178.51 0.4 39.71 98.34 7.4 59.25 59.25
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January 13.5 72.65 27.4 56.22 84.28 70.07 37.8 17.6 110.82 52.06 52.92 52.92
February 16.75  50.05 31.36 83.4 41.01 58.8 0.1 125.16  78.26 1.06 44.42 44.42
March 73.7 34 57.35 2.01 72.51 40.06 6.7 40.97 72.51 122.46  49.51 49.51
April 5.5 19.9 18.5 6.05 4.6 17.51 21.2 40.27 27.77 32.76 18.51 18.51
May 10.8 0 1.5 1 0 6.1 42 10.6 0.36 2.01 6.5 391

June 1 0 6 0.05 0.01 0 0.5 4 13.01 52 2.7 2.7

July 4 19.75  13.01 0 1 0.01 0 41.11 291 0.01 1.36 7.56
August 7 135 4.5 4.01 0 0 0 12.5 4 0.01 3.75 4.47
September 0 0 0 0 0 0.01 3 0.45 0 6.5 0 0.9

Average 21 25.19  16.25 2528  20.03 325 11.41 14.31 36.22 34.23 20.81 23.38

e Voo ol aid VY S o aelu YF gl 3L 5iSTas ale 5 ailale L2iSTy, b Jgax

Table 5: Monthly and Annual Distribution of Maximum 24-Hour Rainfall during Solar Cycle 23 across the 500—
1000 m Elevation Band

Month 1997-  1998-  1999-  2000- 2001- 2002-  2003- 2004-  2005-  2006- 2007-  Average
98 929 2000 2001 2002 2003 2004 2005 2006 2007 2008

October 1835 0.85 0.20 4.72 1.30 0.08 0.04 1.60 0 225 0.45 2.71
November 45.67  0.34 3.51 40.04  29.10 15.34 7.77 3127 4773 2844 1.65 22.80
December 90.5 3.04 2735 8332 14827 5936 9329 15417 7573 129.60  42.82 82.49
January 149.89 8833  104.69 22.17  95.09 57.88 154.69 108.89 81.07  40.81 111.33 92.34
February 65.64 95.64 18.02 11.59 4199 54.01 14.98 4442 4764 5635 4.09 41.30
March 78.01  59.26 4.05 2642 3492  61.34 8.19 54.81 2998  53.30 0.02 37.30
April 389 251 0.07 0.05 5535 3079 2298 5.19 3342 4240 7.08 18.52
May 2.07 0 0 3.23 0.27 1.07 3.24 3.24 0.05 2.18 2.05 1.43
June 072 0.17 0 1.94 0.10 0 0 0.62 0.07 23.60 0 2.47
July 442 170 1.27 0.152 0.05 393 0.67 3.67 0.84 3.55 0.52 1.92
August 58 3.40 2.60 6.10 8.25 10.33 2.12 2.50 0.70 0.65 8.22 4.60
September 2.17  0.05 0.09 0.04 1 0 0.07 0 2.17 0.67 5.32 1.05
Average 3893 21.27 13.49 16.68  34.64 2451 25.54 3428 2662 3198 15.29 25.74
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Table 6: Monthly and Annual Distribution of Maximum 24-Hour Rainfall during Solar Cycle 24 across the 500—
1000 m Elevation Band

Month 2008-  2009- 2010- 2011- 2012- 2013- 2014- 2015- 2016- 2017- 2018-  Average
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

October 14.43 10.49 0.11 10.89 9.6 1.14 15.6 4494 2.35 0 28.93 12.58
November 46.69 71.05 1.75 67.76 78.83 74.89 62.29 59.58 16.01 34.18 132.9 58.74
December 14.37 106.9 11.71 0.44 86.4 27.53 8.26 89.97 49.66 10.72 28.56 39.5
January 30.49 18.34 91.04 2792 41.17 105.6 1894 4998 39.14 14.28 66.58 45.76
February 21.21 55.07 69.62 76.52 32.23 29.81 23.64 12.66 121.2 58.65 75.01 52.33
March 56.13 12.91 35.7 20.06 17.74 52.67 68.98 32.09 73.58 4.63 98.25 42.97
April 28.99  23.69 15.97 15.95 34.89 20.5 2.8 45.2 556  44.58 57.94 26.91
May 1.05 12.07 3.26 1.92 355 4.55 6.1 4.82 7.02 18.95 15.85 10.09
June 1.62 0.51 0.07 0.1 0.27 0.02 2.47 0.03 0 0.29 1.5 0.62
July 0.6 1.14 0.49 0.02 2.8 1.42 4.19 1.61 2.92 0.07 7.49 2.06
August 3 3.99 9.31 1.65 13.22 9.52 0.47 2.68 3.41 0.14 1.89 4.48
September 0.65 0.36 0.4 0.93 1.37 0.22 5.12 1.74 3.03 1.77 1.15 1.52
Average 18.27 2638 19.95 18.68 29.5 27.32 18.24 28.8 26.99 15.69 43 24.8
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Fig. 3: Variations in Maximum 24-Hour Precipitation in the 500—1000 m Elevation Class during Solar Cycle 24

and across the Three Solar Cycles
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Table 7: Monthly and Annual Distribution of Maximum 24-Hour Rainfall during Solar Cycle 22 across the 1000—
1500 m Elevation Band

Month 1986- 1987- 1988- 1989- 1990- 1991- 1992- 1993- 1994- 1995- 1996-  Averag

1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 e

October 0.10 3.57 0.06 0 0 1.66 14.92 0.25 4.42 6.55 0.53 291
November 23.96 0 0.59 12.77 3.70 4.96 0.33 1.14 23.56 0.63 1.03 6.60
December 111.17 11.95 23.11 26.76 12.07 29.43 94.18 0.04 21.10 103.61 2.39 39.71
January 1.62 46.14 5.12 44.70 73.08 47.59 55.78 24.57 6.12 69.02 43.60 37.12
February 8.25 43.48 19.58 43.50 32.65 17.63 43.95 9.37 56.64 43.46 7.23 29.61
March 42.85 14.36 35.12 3.17 65.77 18.29 26.92 48.48 37.07 72.58 49.40 37.63
April 2.43 15.02 9.89 7.00 3.65 14.42 9.21 9.91 27.56 12.60 27.46 12.65
May 12.30 0 0.14 5.49 0.57 18.89 0.72 13.41 9.18 7.49 2.18 6.39
June 0.62 2.83 0.10 0.06 0.03 0 0.95 0 1.42 1.91 10.29 1.65
July 1.55 9.08 4.20 0.29 0 0.10 0.06 7.78 7.39 0.09 1.23 2.88
August 0.29 1.44 0.46 0.02 0.06 0.93 0.03 5.83 0.29 4.50 0.29 1.28
September 0 0.35 1.14 0 1.90 0.04 0 0.36 0 0.97 0 0.43
Average 17.09 12.35 8.29 12.06 16.12 12.83 20.59 10.09 16.23 26.95 11.39 14.90
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Table 8: Monthly and Annual Distribution of Maximum 24-Hour Rainfall during Solar Cycle 23 across the

1000-1500 m Elevation Band

Month 1997-  1998-  1999-  2000- 2001- 2002- 2003- 2004- 2005- 2006- 2007- Average
1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008
October 1398 0.14 0 312 0 007 005 001 0 007 037 1.61
November ~ 24.17 0 146 1903 144 894 007 647 2418 682  0.69 8.48
December ~ 33.08 0 216 300 344 1153 3143 116 499 6352 577 3028
January 58.81 494  63.55 7.53 38.35 30.57 102.1 50 2794 2235 70 47.32
February 36.04 75.1 1.47 17.14  22.07 33.21 4.15 49.1 1239 32.81 1 25.86
March 44.2 375 8.29 11.11 14.96  39.49 4.13 27.4 17.13 33.8 0 21.63
April 5.57 1.99 0.05 0.28 16.77 6.73 12.85 2.67 18.7 11.92 1.71 72
May 047 03 095 045 131 194 221 768 062 182 026 1.63
June 058 0 0 255 022 0 0 172 0 2653 01 288
July 0.07 3.23 0 0.05 0.01 7.33 1.62 2.76 0.3 0.95 0.09 1.49
August 1.53 0 4.6 0.05 0.03 0.18 0 0.01 4.28 0.08 0.58 1.09
September 0.43 0.15 0.38 0.29 1.96 0 0.03 0 0.03 0 0 0.32
Average 18.24 14.01 6.91 7.65 10.96 11.72 1322 21.99 9.21 16.72 6.71 12.48
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Table 9: Monthly and Annual Distribution of Maximum 24-Hour Rainfall during Solar Cycle 24 across the

1000-1500 m Elevation Band

Month 2008- 2009-  2010-  2011-  2012-  2013-  2014-  2015- 2016- 2017- 2018- Mean
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
October 13.69 16.03 0.39 16.54 10.11 0.84 17.44 39.79 0.27 0.17 24.68 12.72
November 31.53 45.75 7.42 28.62 31.68 60.29 44 59.78 9.06 22.67 56.56 36.12
December 20.24 65.18 11.76 1.66 39.23 27.46 8.88 60.85 33.76 7.48 41.85 94.28
January 23.6 16.15 79.47 29.19 40.43 69.26 22.51 37.64 45.61 8.93 34.27 37
February 19.4 54.58 61.45 59.65 28.85 28.85 28.83 14.02 133.43 70.98 60.75 50.93
March 43.35 19.28 33.82 28.32 11.03 54.42 60.29 38.81 75.87 5.05 103.73  43.08
April 42.52 31.96 21.9 24.52 29.94 27.32 8.4 34.37 12.14 50.31 44.68 29.82
May 23 18.3 9.53 4.19 24.25 2.85 7.04 7.81 8.85 25.75 13.2 11.27
June 1.71 0.44 0 0.11 0.32 0.22 0.11 0 0 2.14 0.22 0.47
July 0 0 0.22 1.09 1.72 0.2 1.46 2.55 34.67 1.49 3.47 4.26
August 0.77 2.08 2.66 3.76 10.02 1.81 0.03 0.51 34.16 5.7 1.43 5.72
September 3.46 0.03 0 0.25 0.25 3.66 0 25.09 25.09 0.9 0.71 3.55
Average 16.88 22.48 19.05 16.89 18.95 22.79 16.89 24.68 34.41 16.18 32.13 21.99
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Fig. 4: Variations in Maximum 24-Hour Precipitation in the 1000—1500 m Elevation Class during Solar Cycle

24 and across the Three Solar Cycles
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Table 10: Monthly and Annual Distribution of Maximum 24-Hour Rainfall during Solar Cycle 22 across the

1500-2000 m Elevation Band

Month 1986- 1987- 1988-  1989-  1990-
87 88 89 920 91

October 0.07 13.63  0.13 0 2.33
November 7.6 1 9.47 71.43 14.03
December 8.1 41.07 5397 97.53 29.93
January 8.33 86.44 4547  56.64 115.83
February 38.3 86.44  53.6 75 53.24
March 10543  50.24  58.07 18.8 111.67
April 10.77 52.5 16.2 16.04 13.17
May 2 1.93 7.5 0.3 0.33

1991-
92
26.34
2.54
187.17
85.54
62.91
79.28
54.84
50.24

1992- 1993-  199%4- 1995- 1996-  Averag
93 94 95 96 97 e

0 2.8 26.97 10.17 1.3 7.61
4.24 16.77 12687 0 7.5 23.76
15527 3.5 68 72.77 1243 72.88
101.1 27.17 4843 122.67  73.41  70.09
171.04  10.67 11037  94.34 4.97 69.17
106.38 9144  51.54 164.8 1053  85.72
28.34 8.84 61.5 59.3 5147 339
19.23 27.1 25.93 8.64 18.87 14.73
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June 0.67 017 067 037 0 04 463 067 137 076

July 217 137 047 017 0 0 0.4 0 0 0.183 067 0.6
August 0.2 023 003 0 22 02 02 0.1 0.1 0 0.26
September 0 0.67 0 1.9 0 374 0 0.107 0103 0 0.58
Average 213 2794 2043 2804 2859 4595 488 1605 4453 4453 2311  31.67

1500-2000 m Elevation Band
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Table 11: Monthly and Annual Distribution of Maximum 24-Hour Rainfall during Solar Cycle 23 across the

Month

October
November
December
January
February
March
April
May

June
July
August
September
Mean

1997-
98
9.88

32.6
62.56
91.58
97.27
110.7
17.15

4.81

0.48

0.88

0.51

0.63
35.75

1998-
99
34

3.02
2.99
83.63
127.2
68.58
7.23
0.04
0
3.16
0.51
0.19
25

1999-
2000
0.74

16.04
38.01
102.4
25.11
19.57
2.79
0.6
0
0.03
0.18
0.01
17.12

2000-
2001
7.61

37.57
100.9
26.89
37.43
35.05
2.15
9.46
3.63
0.02
0.01
0.4
21.77

2001-
2002
1.95

21.72
179.5
84.3

44.87
45.9

76.13
2.84

0.3
0.1
0.17
0
38.19

2002-
2003
0.46

20.92
56.01
63.71
62.23
82.01
45.61
0.58
0.37
0.6
2.73
0
27.91

2003- 2004- 2005-  2006- 2007- Mean
2004 2005 2006 2007 2008
222 0.55 0.1 16.93 0.2 4

8.51 43.49 51.76 31.1 6.33 24.82
80.66 146.16 77.96 69.47  48.15 78.4
184.09 81.06 88.21 48.67  50.61  82.28
33.26 29.96 81.33 61.12 1384 5578
19.55 55.62 30.15 92.26 0.34 50.87
58.47 15 49.37 55.01 9.93 30.8
59 2.83 1.68 6.98 2.55 3.47
0 0.15 0.1 0.24 0.2 0.52
3.44 0.4 0.01 1.11 0.19 0.9
0 0.4 0.5 0.02 0.2 0.52
0 0.42 0 0 3.5 0.46

33.04 31.33 31.8 31.91 1134 27.74
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Table 12: Monthly and Annual Distribution of Maximum 24-Hour Rainfall during Solar Cycle 24 across the

1500-2000 m Elevation Band

Month

October
November
December
January
February
March
April

May

June
July
August
September
Average

2008-
2009

29.02
75.37
9.66
26.24
40.51
44.11
41.51
4.7
2.15
0.01
2.09
4.55
23.33

2009-
2010

18.47
72.33
67.87
21.14
61.28
22.32
45.87
20.51
0.86
0.89
1.19
0.12
27.74

2010-
2011

0.27
6.51
17.41
69.93
48.02
68.45
34.06
12.69
0
0.15
2.77
0.01
21.69

2011-
2012

18.87
71.93
1.37
30.88
94.68
36.39
31.07
4.78
0.4
2.55
0.85
0.31
24.51

2012-
2013

22.59
76.63
71.88
39.2
22.89
31.69
56.42
36.55
0.05
0.15
7.35
0.01
30.45

2013-
2014

2.09
51.62
39.26
69.21
29.97
66.43
41.74

4.35

0.56

0.52

1.05

0
25.57

2014-  2015-  2016- 2017 2018- Average
2015 2016 2017 - 2019
2018

23.67 4744 1.06 0.02 21.33 16.8
68.45  60.93 8.53 23.02 100.95 56.02
10.71  81.48 65.11 14.7 30.9 373
3096  56.98 30.26 15.8 86.66 43.38
55.87 1593  113.85 53.18 55.92 53.82
71.19  37.65 86.74  11.51 149.16 56.87
24.17  68.17 2029  74.42 87.7 47.76
14.45 8.94 20.18  34.24 8.92 15.48
0.32 0.01 0.12 1.96 1.22 0.69
2.54 1.26 0.47 1.29 0.59 0.94
0.07 0.2 0.66 2.4 0.22 1.71
1.79 0.01 0.02 0.61 0.05 0.68
2535  31.58 28.94 19.43 453 27.66
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Fig. 5: Variations in Maximum 24-Hour Precipitation in the 1500-2000 m Elevation Class during Solar Cycle

24 and across the Three Solar Cycles
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Table 13: Monthly and Annual Distribution of Maximum 24-Hour Rainfall during Solar Cycle 22 across the
2000-2500 m Elevation Band

Month 1986- 1987-  1988-  1989- 1990-  1991- 1992- 1993-  199%4- 1995- 1996- Mean
87 88 89 90 91 92 93 94 95 96 97

October 11.71 69.81 0.2 0.45 1595 27.24 0 4.86 36.38 3 1.6 15.56
November 11145  20.65 38.1 58.76 9.36 13.71 15.42 69.56  213.03  0.46 13.52 51.27
December  82.66 8236 3281 10427  71.11 16246  49.22 12.5 23.83 30.82 39.46 57.95
January 13.01 3062 422 55.68 41.11  55.63 67.33 51.31 1391 57.72 24.99 41.22
February 74.75 7132 42.06  39.17 4121 7218 120.62  33.77 4053 4.42 4.42 56.67

March 171.66 9656 8431 3457 9781 5526 9642  90.66 2271 13044 13043  91.89
April 26.81  37.86 2682 28.06  13.05 6073 9952 1696 37.54 6531 6727  43.72
May 9.11 206 1619 252 0 5269 4337 1236 4619 1444 2033 20.02
June 0 001 O 0 232 17 1.7 0.01  3.46 0.01 9.92 1.58
July 0 016 0 0.31 0 0 0.51 0 0 0.06 1.99 1.99
August 3.02 0 0 0 0 0 1.01 0 0 8.5 1.14 1.14
September  0.15 025 O 0 1350 0 0 0.02 0.15 0 0.17

Average 43.76 3439 2362 2698 1996  41.8 41.12 2434 36.46 32.85 25.99 31.93
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Table 14: Monthly and Annual Distribution of Maximum 24-Hour Rainfall during Solar Cycle 23 across the

2000-2500 m Elevation Band
1997- 1998- 1999- 2000- 2001- 2002- 2003- 2004- 2005- 2006- 2007-

Month 98 99 2000 2001 2002 2003 2004 2005 2006 2007 2008  Mean
October 986 1856 425 2923 218 119 735 647 1l 3577 175 1248
November 4822  1.68 546 3475 5339 5313 2321 1172 7379 9463 335 5346
December  62.61 288 945 1322 2291 1295 1174 1351 1184 9831 933 1078
January 1019 749 103 4727 1331 69.61 2035 1368  17.07  53.15 558  104.5
February 1295 1169 574 3373 4356 1008 9514 3656 1909 8544 329  83.89
March 1849 749 601  69.52 7525 1249 5455 1571 60.15 1359 079  90.74
April 211 245 505 091 1354 91.04  153.1 4746 9564 1173 258 6521
May 118 046 184 2756 1578 583 1915 1737 182 2514 98 12.4
June 284 0 013 227 012 006 08 068 0 345 0 0.94
July 273 387 0 0 051 016 315 021 0 0.8 012 1.09
August 056 0 0 177 054 016 017 057 002 004 001 043
September 2.2 0.108 0.5 124 0 0 04 0 042 0 669 101
Average 482 288 28 317 5836 4807 565 5463 5943 5416 217 44.49
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Table 15: Monthly and Annual Distribution of Maximum 24-Hour Rainfall during Solar Cycle 24 across the 2000-
2500 m Elevation Band

Month 2008-  2009- 2010- 2011- 2012-  2013- 2014-  2015-  2016- 2017- 2018-  Average
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
October 28.3 17.95 0.18 8.45 21 4.58 33.94 39.95 0.92 0.01 21.58 16.07

November 78.2 10993 1023  140.54 10833 64.19  90.84 30.63 12.84 19.73  134.77 72.74
December 242 74.98 15.12 2.05 105.12  54.34 11.54 75.65 10493 1.53 23.22 45.6
January 4552  31.53 82.81 37.69 47.95 77.16  27.17 74.95 29.67  22.62  135.88 55.72
February 79.36  75.78 65.03 111.64 2541 3478  81.69 13.03 83.71 66.08  55.27 62.88

March 34 43.53 9734 7245 64.78  88.11 10641  57.66 81.48 1446 16593 75.1

April 85.09 4627 3246 34.74 6499  36.09 3343 58.75 23.1 8234  89.83 53.37
May 8.77 13.69 7.51 8.48 26.83 11.87  27.75 14.62 37.01 47.2 8.42 19.28
June 4.15 0.36 0.02 2.35 0.01 0.03 0.2 0 0 233 3.42 1.17

July 0 0.02 0.11 1.41 0 0.31 1.07 0.07 0.24 0 0.05 1.17
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August 0.62 1.1 0.11 1.68 2.71 3.73 0.04 0.46 1.73 0 0.92 1.19
September  4.53 0.12 0 0.37 0 0 5.28 0.04 0.01 0.86 0 1.01
Average 32.73 34.6 25.91 35.15 38.93 31.27 35.75 30.48 31.3 22.18 53.27 33.77
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Fig. 6: Variations in Maximum 24-Hour Precipitation in the 2000-2500 m Elevation Class during Solar Cycle

24 and across the Three Solar Cycles
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Table 16: Summary of Extreme 24-Hour Precipitation Characteristics across Elevation Classes during

Individual Solar Cycles

Elevation Class Cycle 22 Cycle 23
0-500 Dec/Increasing Jan/Decreasing
500-1000 Dec/Increasing Nov/Stable
1000-1500 Jan/Increasing Dec/Decreasing
1500-2000 Mar/Increasing Jan/Decreasing
2000-2500 Mar/Decreasing Dec/Increasing
Mean 65.5 69.4

Cycle 24 Mean Max Rainfall
Nov/Increasing 55
Nov/Increasing 54.6
Nov/Increasing 44.6

Mar&Nov/Increasing 74.3
Mar/Increasing 91
43.6 63.88
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Fig. 7: Mean Maximum 24-Hour Precipitation across Different Elevation Classes during the Three Solar Cycles

50 el Caws @ yie Lo YEIVE ol | wlab sgome
S TVAY 6 L dle V) G iV S ol
eSleo o3, ool el 0ol g, YO e B Yoo e el

ol 0] Cews 4 YOIVF

aeln YF sl )b iSlas dlo)) (Sl VY Jgux
ol sl aib s 0 9 baSew 51 S 2 0 )
ol Ale VY Jose samslis a1 pl om0
Jlo oo VY o ol aiele Y slo o)L yiSTos
P VY IS aelo Y 5L iShe oSl il oo

wels YF la i b oad dlo V) oSl VY Jsax
Table 17: Eleven-Year Average Intensity of Maximum 24-Hour Precipitation

Elevation Class Cycle 22 Cycle 23 Cycle 24 Mean
0-500 19.8 17.49 16.99 18.09
500-1000 23.38 25.74 24.8 24.64
1000-1500 14.9 12.48 21.99 16.45
1500-2000 31.67 27.74 27.66 28.69
2000-2500 31.93 44.49 33.77 36.73
Mean 24.34 25.59 25.76 25.2
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Fig. 8: Mean Values of Maximum Precipitation across Different Elevation Classes during the Three Solar Cycles
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Table 18: Frequency of Monthly Mean Precipitation Values Above 100 mm across Solar Cycles and Elevation

Classes

Cycle 0-500 500-1000 1000-1500 1500-2000 2000-2500 Total

Cycle 22 6 6 1 13 8 34

Cycle 23 2 8 2 6 24 42

Cycle 24 1 4 2 2 10 19

Total 9 18 5 21 42 95
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1-Solar cycle

2-Heavy precipitation days

3-Expert Team on Climate Change Detection and
Indices (ETCCDI)
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