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Abstract 
This study was conducted to analyse the occurrence of extreme rainfall and the dynamics of the atmosphere 
prior to the occurrence of extreme rainfall and flood events in South Sulawesi during September-October-
November (South Sulawesi’s dry season). The data used is daily data for the period 2001-2020. Using 50 
mm/day and the 90th percentile rainfall threshold of 119 rain stations distributed over 24 regencies, extreme 
rainfall events in each region were identified. Furthermore, after screening for extreme rainfall events fol-
lowed by flood events, a composite analysis was carried out to obtain patterns of atmospheric conditions 
before the extreme rainfall events. The results of the study confirm that spatially, the highest extreme rainfall 
indices values dominate in the western and northern regions of South Sulawesi, both frequency and intensity 
indicators. Flood events in South Sulawesi during September-October-November 2001-2020 were recorded 
as 23 days, of which 19 days were the flood events after extreme rainfall events. The dynamics of the atmos-
phere before the extreme rainfall event followed by the flood event showed anomalies in precipitable water, 
850 mb winds, and 200 mb winds. An increase in the amount of precipitable water and a wind speed of 850 
mb, as well as a decrease in wind speed of 250 mb compared to normal in the South Sulawesi region and its 
surroundings, has resulted in an increase in the formation of rain clouds that have the potential to increase 
the chance of extreme rainfall. 
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1. Introduction 
South Sulawesi is a province in Indonesia that is prone to floods which regularly cause heavy 
losses in this area. In 2009-2019, a total of 340 flood events were recorded with various intensities 
(BNPB, 2021). Typically, floods are preceded by either intense rainfall in the preceding day or 
continuous rainfall over an extended period. Furthermore, the capacity of river catchments also 
plays a significant role in determining the characteristics and severity of flood occurrences (Merz 
et al., 2021). Extreme rainfall is essentially a form of natural variability, but currently the fre-
quency and intensity of extreme rainfall and flood events are increasing, affecting all climate 
regions and seasons (Dey et al., 2019; Myhre et al., 2019;  Tabari, 2020). 

Extreme rainfall events can be caused by various factors, for instance global, regional and local 
factors. Global factors for example El Niño/La Niña activity (Al-Fugara et al., 2023; Amalia, 
2023) play a substantial role. This involves significant changes in sea surface temperature, Dipole 
Mode and the active Madden Julian Oscillation (MJO) (Hendrawan, et al., 2019; Lestari et al., 
2019; Fauzi et al., 2018). Regional factors such as monsoon activity that experience anomalies in 
the form of direction and speed, the emergence of tropical disturbances (tropical cyclones, low-
pressure areas, eddies, or the presence of Inter Tropical Convergence Zone-ITCZ), also contri-
bute. Simultaneously, several local factors for instance local topography, elevation, atmospheric 
lability and local convective also have an impact (Basso et al., 2023). In 2007, a study analysing 
data spanning 22 years from 1982 to 2003 identified the primary factor behind floods in Indonesia 
as the occurrence of extreme wet weather systems (Chan et al., 2023). These systems are typically 
triggered by a combination of convective rains, converging weather patterns and the influence of 
tropical cyclones, which have the potential to result in both localised and widespread flooding. In 
addition, the La Niña event has also increased the intensity of flooding in Indonesia (Chaqdid et 
al., 2023). 

Climatologically, South Sulawesi is influenced by the monsoon system. Two influential monsoon 
systems are the northwest monsoon which typically occurs from November to March and the 
southeast monsoon which occurs from May to September. In addition to the monsoon effect, the 
difference in topography causes the weather and climate in South Sulawesi to be influenced by 
local wind systems, such as land-sea winds and mountain-valley winds (Chaubey et al., 2023). 
Daily wind systems commonly trigger local weather variations. Furthermore, orographic condi-
tions can increase the rainfall on the windward slope (Hao et al., 2023).  

Located between 0o12' – 8' S and 116o48' – 122o36' E, South Sulawesi covers an area of 46,717.48 
km2 and is divided into 24 regencies namely; Bantaeng, Barru, Bone, Bulukumba, Enrekang, 
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Gowa, Jeneponto, Kepulauan Selayar, Luwu, Luwu Timur, Luwu Utara, Makassar, Maros, Pa-
lopo, Pangkep, Parepare, Pinrang, Sidrap, Sinjai, Soppeng, Takalar, Tana Toraja, Toraja Utara 
and Wajo. The mountainous area of this province extends from the middle to the south, resulting 
in distinct seasons in the west and east. The beginning of the rainy and dry seasons varies from 
region to region. For example, the rainy season in the western regions typically begins in Octo-
ber/November while the dry season starts around April/May (Hong et al., 2023). Conversely, the 
rainy seasons in eastern regions generally begin around March/April and the dry season begins 
about July/August. However, the beginning of the rainy and dry seasons in the southern and north-
ern regions is more varied (Jian et al., 2023). In South Sulawesi, the peak of the rainy season may 
differ, but the peak of the dry season is typically in August/September (BMKG, 2021). In addition 
to the duration of the season, the rainfall during the season is also different in each region (Chen 
et al., 2017).  

Although there is a national-scale analysis of the meteorological factors that lead to flooding in 
Indonesia, there is a dearth of information available at the regional scale, particularly in relation 
to South Sulawesi Province, and the majority of the publish work focuses on the flood events that 
occurred at a specific location within a limited time. Thus, the purpose of this study was to identify 
atmospheric dynamics patterns or characteristics that cause extreme rainfall and flooding in South 
Sulawesi during September-October-November using 20-year long-term data. Obtaining average 
atmospheric conditions that can cause extreme rainfall and flooding is crucial in terms of fore-
casting and mitigating flood events. In the following section, data and analysis techniques are 
described, followed by specific results, a discussion and finally a conclusion (Cheong et al., 2023). 

 
Figure 1. Study Area. 
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2. Research Methods  
The data applied in this study are daily rainfall from Badan Meteorologi, Klimatologi dan Geof-
isika (BMKG) Region IV in Makassar, flood events from Badan Nasional Penanggulangan 
Bencana (BNPB) and atmospheric dynamics reanalysis data from NCEP-NCAR for the period of 
2001 to 2020. Figure 1 reveals the locations of 119 rain stations that were used. For the analysis 
of atmospheric dynamics during the September-October-November floods, we used variables: 
precipitable water, 850 mb wind and 200 mb wind between 20o N - 20o S and 80o - 160o E with 
2.5o x 2.5o horizontal resolution. 

2.1. Identification of Extreme Rainfall Events 
The threshold values for extreme rainfall consisted of the fixed threshold and site specific thresh-
old. The fix threshold employed was 50 mm of rainfall in one day (R50mm), which is used by 
BMKG as a category for heavy rain (BMKG, 2010). Concurrently, the site specific threshold was 
determined for each regency by calculating the 90th percentile (R90p) from the maximum daily 
rainfall data series per regency during the period 2001 - 2020. Likewise, in line with research 
conducted by Supari et al. (2012), threshold values were calculated using the highest daily rainfall 
for all rain stations for each regency.  

Several extreme indices recommended by the World Meteorological Organisation were also cal-
culated, including frequency indicators, R50mm and R90p, as well as intensity indicators, RX1d, 
RX5d and RTOT (Chkeir et al., 2023). The extreme indices used are presented in Table 1. This 
calculation was performed using R-Climdex (Dey et al., 2019). To begin with, the daily rainfall 
data from all stations are grouped by regency to obtain the maximum rainfall value per regency 
(Fauzi and Hidayat, 2018). Using RClimdex, the rainfall data of each regency is processed by 
calculating the frequency and intensity of extreme rainfall events by year (Giarno et al., 2018). 
The extreme rainfall indices were calculated on an annual basis, indicating that there was only 
one index value per year (Gosset et al., 2023; Gupta et al., 2023). The value of each index for 20 
years was averaged so that the average value for each index for one location is obtained. These 
values are then categorised and mapped (Hendrawan et al., 2019).  

2.2. Identification of Extreme Rainfall before Floods 
The identification of extreme rainfall was first conducted using South Sulawesi’s historical flood 
data from BNPB. The flood data was subsequently compared with daily rainfall data on the day 
of the flood events and one day before the flood events in each regency. Days that have extreme 
rainfall and were followed by flooding events were recorded. Flood events that were recorded but 
not associated with extreme rainfall were also recorded, as shown in Table 1. 
Table 1. Extreme Rainfall Indices. 

Indices Description 
Frequency indicators  
R50mm  Number of rainy days with rainfall greater than or equal to 50 mm 
R90p  Number of rainy days with rainfall greater than or equal to the 90th per-

centile 
Intensity indicators  
RX1d  Daily maximum rainfall 
RX5d  Maximum cumulative rainfall of five consecutive rainy days 
RTOT Amount of annual rainfall 

2.3. Analysis of Atmospheric Dynamics before Extreme Rainfall and Floods 
In this section, atmospheric reanalysis data was used to ascertain more about atmospheric condi-
tions before extreme rainfall and flood events (Hidayat et al., 2018). In this study, an analysis of 
the events was not carried out separately but climatologically analysed using composite analysis. 
Composite analysis was performed by calculating the average value of each atmospheric dynamic 
variable during September-October-November 2000 – 2020 together with the average value of 
the variables when there were extreme rainfall and flood events with the aim of obtaining the 
anomaly values. These values are then mapped and analysed for each variable (Hounvou et al., 
2023). 

3. Results and Discussion 
3.1. Results 
Prior to calculating the extreme indices, we first established the threshold values for each region 
(Huang et al., 2023; Iliadis et al., 2023). The calculation revealed that the 90th percentile-based 
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extreme rainfall threshold varies from 19 mm to 68 mm for different regencies in South Sulawesi. 
The lowest threshold value was observed in Parepare, while the highest was in Luwu Timur. Fig-
ure 2 illustrates the spatial distribution of these thresholds based on the 90th percentile. 

Thresholds ranging from 51 to 100 mm were identified in the western region of South Sulawesi, 
incorporating areas from Pinrang to Maros (excluding Parepare, which had a threshold value of 6 
to 20 mm), as well as in the northern (Luwu Utara and Luwu Timur) and eastern regions (Bone 
and Wajo; Wu et al., 2023). Conversely, most other locations exhibited a threshold value between 
21 and 50 mm. These locations include Makassar, Gowa, Takalar, Jeneponto, Bantaeng, 
Bulukumba, Kepulauan Selayar, Sinjai, Soppeng, Sidrap, Enrekang, Tana Toraja, Toraja Utara 
and Luwu. 

The results of the frequency indicators calculation determined that the frequency of rainy days 
with rainfall of more than or equal to 50 mm (R50mm) varies in the range of 1 to more than 60 
days per year (Wilby et al., 2023). The highest average R50mm (more than 60 days per year), 
was found in Luwu Timur, Luwu Utara and Jeneponto, while the lowest frequency (1 to 10 days 
per year), was identified in Parepare (Figure 3a). In contrast, the different spatial distribution of 
the frequency of rainy days with rainfall greater than or equal to the 90th percentile exhibited a 
frequency of occurrence by 31 to 40 days per year in practically every region, excluding Bantaeng, 
Sinjai and Toraja Utara that had 21 to 30 events per year (Figure 3b). 

 
Figure 2. Spatial Map of Rainfall Threshold Based on 90th Percentile in South Sulawesi. 
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Figure 3. Spatial Map of Climatological Extreme Indices of (a) R50mm and (b) R90p in South Sulawesi. 

In relation to intensity indicators, the climatological average of maximum rainfall in one day 
(RX1d) showed the values between 121 and 220 mm (Figure 4a). The lowest values with an av-
erage of 121 to 140 mm were located in Palopo, Tana Toraja and Bantaeng. Nonetheless, the 
highest values with an average value of 201 to 220 mm were identified along the western region 
of South Sulawesi, comprising areas from Pinrang to Gowa (excluding Parepare and Makassar) 
(Tamoffo et al., 2023). Furthermore, the spatial distribution of average RX5d revealed a pattern 
that is predominantly similar to RX1d, where the highest values were ascertained in the western 
region, including areas from Barru to Takalar (excluding Makassar). Nevertheless, the lowest 
values were determined in Palopo, Enrekang and Parepare (Tradowsky et al., 2023) on Figure 4b. 

 
Figure 4. Spatial Map of Climatological Extreme Indices Of (a) RX1d, (b) RX5d, and (c) RTOT in South 
Sulawesi. 

The average annual rainfall (RTOT) confirmed a range of values between 1500 mm to 3500 mm 
per year (Umer et al., 2023) on Figure 4c. The wettest areas with an average rainfall of 3000 – 
3500 mm per year were observed along the western region of South Sulawesi, incorporating areas 
from Barru to Gowa (excluding Makassar) and the northern regions (Luwu Timur, Luwu Utara 
and Toraja Utara). Areas with the lowest amount of rainfall ranging from 1500 to 2000 mm per 
year were observed in Sidrap, Soppeng, Jeneponto and Kepulauan Selayar (Wasko et al., 2023). 

(a) (b) 

(c) (b) (a) 
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At the same time, other regions had an amount of rainfall ranging between 2000 to 3000 mm per 
year. 

  

  

  

Figure 5. Composite of (a) Precipitable Water, (c) 850 Mb Wind, (e) 200 Mb Wind and Anomaly of (b) 
Precipitable Water, (d) 850 Mb Wind, (f) 200 Mb Wind. 

Floods during September-October-November 2001 – 2020 predominantly occurred in the north-
ern and eastern regions of South Sulawesi, such as Luwu Timur, Luwu Utara, Luwu, Palopo, 
Bone, Sidrap and Wajo, as well as in one area in the west, specifically Pinrang. Flood events 
during September-October-November 2001 – 2020 and the extreme rainfall before are presented 
in Table 2. 

Conversely, the composite analysis of the 200 mb wind revealed a reduction in wind speed 
throughout Indonesia, both in the northern and southern hemispheres, with a maximum decrease 
in speed of > 5 m/s (Figure 5f). This was denoted by the change in wind direction in the area, 
suggesting that there was a slowdown in wind speed (Lestari et al., 2019; Bosch et al., 2023; Li 
et al., 2023). The highest decrease in wind speed was in the eastern part of Indonesia, covering 
the northern Pacific Ocean of Papua, Papua, North Maluku, Maluku, Banda Sea to Nusa Tenggara 
and the south sea of Nusa Tenggara, ranging from 3 to more than 5 m/s. 

(f) (e) 

(d) (c) 

(b) (a) 
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Table 2. Extreme Rainfall Events Followed by Flood Events During September-October-November 2001 – 
2020. 

Flood Events 
(dd/mm/yyyy) Location Rainfall 

(mm) 
Extreme Rainfall Events 
(dd/mm/yyyy) 

05/09/2007 Luwu Utara 71 04/09/2007 
04/09/2008 Luwu 107 03/09/2008 
17/09/2010 Luwu 57 16/09/2010 
18/09/2010 Palopo 43 17/09/2010 
01/11/2010 Luwu Timur 70 31/10/2010 
01/11/2010 Pinrang 60 01/11/2010 
01/11/2010 Wajo 56 01/11/2010 
14/09/2011 Luwu Utara 139 14/09/2011 

 

3.2. Discussion 
Comparing the results of calculations for the two types of thresholds, 50 mm and 90th percentile, 
the 50 mm per day rainfall threshold is close to the threshold value for the 90th percentile in South 
Sulawesi, as realised from the average rainfall threshold for the 90th percentile. Using a threshold 
of 50 mm, the values of R50mm varies in each region, from 1 – 10 days/year to > 60 days/year. 
Conversely, when using the 90th percentile, the frequency of extreme rainfall events in each re-
gion which ranges from 21 – 30 days/year to 31 – 40 days/year, tends to be the same or does not 
vary (Liu et al., 2023). Furthermore, the average extreme indices for 2001 – 2020 in South Sula-
wesi explains that the areas in the west and north of South Sulawesi tend to be higher than other 
regions, both in terms of frequency and intensity indicators, such as Barru, Pangkep, Maros, Ma-
kassar, Gowa, Takalar and Jeneponto, as well as Luwu Utara, Luwu Timur and Toraja Utara. This 
situation shows that the wet northwest monsoon along with the topographical factor in South Su-
lawesi has a significant influence on the high extreme indices value in western South Sulawesi 
(Luo et al., 2023). This occurs because the wet northwest monsoon which occurs from November 
to April, which carries a substantial amount of water vapour, generates a substantial amount of 
rain in South Sulawesi (Marengo et al., 2023). The moist wind blows from west to east of the Java 
Sea's wide waters and creates persistent rain events in South Sulawesi. However, the mountains 
in the middle of South Sulawesi act as a barrier to the monsoon wind, indicating that the influence 
of the northwest monsoon in the east of South Sulawesi is not as significant as that seen in the 
west (Mashao et al., 2023; Merz et al., 2021). 

Extreme rainfall events followed by floods in South Sulawesi during September-October-Novem-
ber 2001 - 2020 occurred as many as 19 days (Monjo et al., 2023). Flood events generally occur 
in the eastern and northern parts of South Sulawesi. Several of the flood events did not record the 
previous extreme rainfall. This could be due to the fact that the flood area was not covered by the 
rain stations in this study and/or because the analysis was limited to rainfall on the day and one 
day before the flood event, notwithstanding that the flooding could have been caused by the ac-
cumulation of rainfall for several days (Moses et al., 2023; Myhre et al., 2019). Therefore, it is 
advisable to analyse the accumulation of rainfall for several days to identify flood events that may 
occur due to several days of rain, albeit the rainfall intensity is low to moderate (Palmer et al. 
2023; Sa’adi., 2023). 

Composite analysis of atmospheric dynamics variables showed anomalies in precipitable water, 
850 mb wind and 200 mb wind (Sauter et al., 2023). There was an increase in the value of pre-
cipitable water by 8 - > 10 kg/m2 in South Sulawesi and its surroundings (Sougué et al., 2023). It 
is recognised that an increase in precipitable water also triggers an increase in rainfall and extreme 
precipitation events (Sun et al., 2023; Sundriyal et al., 2023). Furthermore, the 850 mb wind ex-
perienced a slight increase in speed, while the 200 mb wind experienced a greater reduction in 
speed. The presence of an anomaly in the upper troposphere at 200 mb exhibits a reverse pattern 
in contrast to the anomalous circulation at 850 mb, indicating a baroclinic vertical structure of 
circulation anomalies in tropical regions (Chen, 2017). The wind anomaly at the upper level 
(Mathew et al., 2023), which tends to be attracted to the east may have been associated with the 
initial stages of the strengthening of the Walker Circulation as La Niña developed towards the end 
of spring. This is known to create wet conditions in South Sulawesi (Tamm et al., 2023), including 
during September-October-November. 

4. Conclusion 
Based on the results of the analysis and discussion, the conclusions obtained are as follows: (1) 
the average value of the extreme rainfall indices in 2001 – 2020, both the frequency indicator and 
the intensity indicator, generally demonstrated a spatial pattern that described the characteristics 
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of rain in South Sulawesi. The highest values dominate in the western and northern regions of 
South Sulawesi. (2) Flood events during September-October-November 2001 – 2020 in South 
Sulawesi were recorded as 19 days. Several extreme rainfall events were not followed by flood 
events and vice versa. (3) The dynamics of the atmosphere prior to the extreme rainfall followed 
by flood events exhibited anomalies in precipitable water, 850 mb winds and 200 mb winds. An 
increase in the amount of precipitable water and wind speed at 850 mb, as well as the decrease in 
wind speed at 250 mb in South Sulawesi and its surroundings, has led to an increase in the for-
mation of rain clouds that have the potential to increase the chance of extreme rainfall. 

References 
Al-Fugara, A’kif, Ali Nouh Mabdeh, Saad Alayyash, and Awni Khasawneh. (2023). Hydrological and Hydrodynamic 

Modelling for Flash Flood and Embankment Dam Break Scenario: Hazard Mapping of Extreme Storm Events. 
Sustainability (Switzerland), 15(3), 2–28. doi: 10.3390/su15031758. 

Amalia, Layla Fickri. (2023). Modelling Spatial Extreme Value With Copula Approach and Aplication (Case Study:Ex-
treme Rainfall in Ngawi). Sains Dan Teknologi, 2(2), 288–97. doi: 1 10.55123/insologi.v2i2.1785. 

Badan Meteorologi Klimatologi dan Geofisika. (2010). Prosedur Standar Operasi Pelaksanaan Peringatan Dini Pelaporan 
Dan Diseminasi Informasi Cuaca Ekstrim. 1–16. 

Badan Meteorologi Klimatologi dan Geofisika. (2021). Prakiraan Musim Kemarau 2021 Di Indonesia. Badan 
Meteorologi, Klimatologi, Dan Geofisika (0511):41. 

Badan Nasional Penanggulangan Bencana. (2021). Kajian Risiko Bencana Nasional Provinsi Sulawesi Selatan 2022-2026. 
1–97. 

Basso, Stefano, Ralf Merz, Larisa Tarasova, and Arianna Miniussi. (2023). Extreme Flooding Controlled by Stream Net-
work Organisation and Flow Regime. Nature Geoscience, 16(4), 339–43. doi: 10.1038/s41561-023-01155-w. 

Chan, Steven C., Elizabeth J. Kendon, Hayley J. Fowler, Benjamin D. Youngman, Murray Dale, and Christopher Short. 
(2023). New Extreme Rainfall Projections for Improved Climate Resilience of Urban Drainage Systems. Climate 
Services, 30(4), 100375. doi: 10.1016/j.cliser.2023.100375. 

Chaqdid, Abdelaziz, Alexandre Tuel, Abdelouahad El Fatimy, and Nabil El Moçayd. (2023). Extreme Rainfall Events in 
Morocco: Spatial Dependence and Climate Drivers. Weather and Climate Extremes, 40:100556. doi: 
10.1016/j.wace.2023.100556. 

Chaubey, Pawan Kumar, Rajesh Kumar Mall, and Prashant K. Srivastava. (2023). Changes in Extremes Rainfall Events 
in Present and Future Climate Scenarios over the Teesta River Basin, India. Sustainability (Switzerland), 15(5), 
1–19. doi: 10.3390/su15054668. 

Chen, Hao, Zongxue Xu, Ji Chen, Yang Liu, and Peng Li. (2023). Joint Risk Analysis of Extreme Rainfall and High Tide 
Level Based on Extreme Value Theory in Coastal Area. International Journal of Environmental Research and 
Public Health 20(4), 1–19. doi: 10.3390/ijerph20043605. 

Chen, Hong, Yanchun Wang, Yinghua Wei, Nan Zhang, Xiaomeng Lin, Yang Yang, and Yuqing Zhang. (2023). Analysis 
of the Triggering and Maintenance Mechanisms of a Record-Breaking Warm-Sector Extreme-Rainfall Process in 
Front of an Upper-Level Trough in Tianjin, China. Atmosphere 14(5), 1–18. doi: 10.3390/atmos14050808. 

Chen, Jian, Yangyang Tian, Shanju Zhang, Yaowei Li, and Zhikai Guo. (2023). Study of Urban Flooding Response under 
Superstandard Conditions. Water (Switzerland), 15(8), 2–16. doi: 10.3390/w15081492. 

Chen, Wei, and Zhaoyong Guan. (2017). A Joint Monsoon Index for East Asian–Australian Monsoons during Boreal 
Summer. Atmospheric Science Letters 18(10), 403–8. doi: 10.1002/asl.782. 

Cheong, Tae Sung, Changwon Choi, Sung Je Ye, Jihye Shin, Seojun Kim, and Kang Min Koo. (2023). Development of 
Flood Early Warning Frameworks for Small Streams in Korea. Water (Switzerland) 15(10), 2–22. doi: 
10.3390/w15101808. 

Chkeir, Sandy, Aikaterini Anesiadou, Alessandra Mascitelli, and Riccardo Biondi. (2023). Nowcasting Extreme Rain and 
Extreme Wind Speed with Machine Learning Techniques Applied to Different Input Datasets. Atmospheric Re-
search 282:106548. doi: 10.1016/j.atmosres.2022.106548. 

Dey, Raktima, Sophie C. Lewis, Julie M. Arblaster, and Nerilie J. Abram. (2019). A Review of Past and Projected Changes 
in Australia’s Rainfall. Wiley Interdisciplinary Reviews: Climate Change, 10(3), 1–23. doi: 10.1002/wcc.577. 

Fauzi, R. R., and R. Hidayat. (2018). Role of Cold Surge and MJO on Rainfall Enhancement over Indonesia during East 
Asian Winter Monsoon. IOP Conference Series: Earth and Environmental Science, 149(1). doi: 10.1088/1755-
1315/149/1/012045. 

Giarno, G., Muhammad Pramono Hadi, Slamet Suprayogi, and Sigit Heru Murti. (2018). Distribution of Accuracy of 
TRMM Daily Rainfall in Makassar Strait. Forum Geografi 32(1), 38–52. doi: 10.23917/forgeo.v32i1.5774. 

Gosset, Marielle, Pauline A. Dibi-Anoh, Guy Schumann, Renaud Hostache, Adrien Paris, Eric Pascal Zahiri, Modeste 
Kacou, and Laetitia Gal. (2023). Hydrometeorological Extreme Events in Africa: The Role of Satellite Observa-
tions for Monitoring Pluvial and Fluvial Flood Risk. Surveys in Geophysics, 44(1), 197–223. doi: 
10.1007/s10712-022-09749-6. 

Gupta, Shraddha, Zhen Su, Niklas Boers, Jürgen Kurths, Norbert Marwan, and Florian Pappenberger. (2023). Intercon-
nection between the Indian and the East Asian Summer Monsoon: Spatial Synchronisation Patterns of Extreme 
Rainfall Events. International Journal of Climatology, 43(2), 1034–49. doi: 10.1002/joc.7861. 

Hendrawan, I. Gede, Koji Asai, Andhita Triwahyuni, and Diah Valentina Lestari. (2019). The Interanual Rainfall Varia-
bility in Indonesia Corresponding to El Niño Southern Oscillation and Indian Ocean Dipole. Acta Oceanologica 
Sinica, 38(7), 57–66. doi: 10.1007/s13131-019-1457-1. 

Hidayat, R., M. D. Juniarti, and U. Ma’Rufah. (2018). Impact of La Niña and La Niña Modoki on Indonesia Rainfall 
Variability. IOP Conference Series: Earth and Environmental Science, 149(1). doi: 10.1088/1755-
1315/149/1/012046. 

Hounvou, S. F., K. F. Guedje, H. Kougbeagbede, J. Adechinan, E. Houngninou, and A. Houeto. (2023). Spatiotemporal 
Variability of Extreme Rainfall in Southern Benin in the Context of Global Warming. Advances in Meteorology 
2023. doi: 10.1155/2023/9902326. 

Huang, Hao, Kun Zhao, Johnny C. L. Chan, and Dongming Hu. (2023). Microphysical Characteristics of Extreme-Rainfall 
Convection over the Pearl River Delta Region, South China from Polarimetric Radar Data during the Pre-Summer 
Rainy Season. Advances in Atmospheric Sciences 40(5):874–86. doi: 10.1007/s00376-022-1319-8. 

Acknowledgements 

The first author thanks Balai Besar 
Meteorologi, Klimatologi, dan 
Geofisika Wilayah IV Makassar for 
providing the rainfall data for this 
research. 

 

Author Contributions 

Conceptualization: Amhar Ulfiana, 
Muhammad Arsyad, Pariabti Pal-
loan; methodology: Amhar Ulfiana, 
Muhammad Arsyad, Pariabti Pal-
loan; investigation:  Amhar Ulfiana, 
Muhammad Arsyad, Pariabti Pal-
loa; writing—original draft prepara-

tion:  Amhar Ulfiana; writing—re-

view and editing:  Amhar Ulfiana, 
Muhammad Arsyad, Pariabti Pal-
loan; visualization: Amhar Ulfiana. 

All authors have read and agreed to 
the published version of the manu-
script. 

 



Forum Geografi, 37(2), 2023; DOI: 10.23917/forgeo.v37i2.22339  

Ulfiana et al.  Page 115   

Iliadis, Christos, Panagiota Galiatsatou, Vassilis Glenis, Panagiotis Prinos, and Chris Kilsby. (2023). Urban Flood Mod-
elling under Extreme Rainfall Conditions for Building-Level Flood Exposure Analysis. Hydrology, 10(8):1–19. 
doi: 10.3390/hydrology10080172. 

Irvin IV, Ben C., Jeffrey D. Niemann, Mark A. Perry, Kallie E. Bauer, and William T. McCormick. (2023). Parameter 
Estimation for Models of Major Rainfall Induced Floods in Ungaged Mountain Basins of Colorado. Journal of 
Hydrology: Regional Studies 45(12), 101300. doi: 10.1016/j.ejrh.2022.101300. 

Kim, Seokhyeon, Ashish Sharma, Conrad Wasko, and Rory Nathan. (2022). Linking Total Precipitable Water to Precipi-
tation Extremes Globally. Earth’s Future 10(2), 1–16. doi: 10.1029/2021EF002473. 

Lamers, Alex, Sunitha Devi. S, Monica Sharma, Robbie Berg, José Manuel Gálvez, Zifeng Yu, Tarik Kriat, Sareti Cardos, 
David Grant, and Lorenzo A. Moron. (2023). Forecasting Tropical Cyclone Rainfall and Flooding Hazards and 
Impacts. Tropical Cyclone Research and Review 12(2), 100–112. doi: 10.1016/j.tcrr.2023.06.005. 

Lestari, Sopia, Andrew King, Claire Vincent, David Karoly, and Alain Protat. (2019). Seasonal Dependence of Rainfall 
Extremes in and around Jakarta, Indonesia. Weather and Climate Extremes, 24(9), 100202. doi: 
10.1016/j.wace.2019.100202. 

Ley Bosch, Pablo, Óscar de Castro González, and Francisco García Sánchez. (2023). Mass Tourism Urban Destinations 
and Climate Change in Small Islands: Resilience to Extreme Rainfall in the Canary Islands. Environment, Devel-
opment and Sustainability, (0123456789). doi: 10.1007/s10668-023-03406-7. 

Li, Wen tao, Jia peng Zhang, Ruo chen Sun, and Qingyun Duan. (2023). Evaluation of Tianji and ECMWF High-Resolu-
tion Precipitation Forecasts for Extreme Rainfall Event in Henan in July 2021. Water Science and Engineering, 
16(2), 122–31. doi: 10.1016/j.wse.2022.11.002. 

Liu, Zhenyang, Yujiang Xiong, and Junzeng Xu. (2023). Flood Simulation and Flood Risk Reduction Strategy in Irrigated 
Areas. Water (Switzerland), 15(1), 1–19. doi: 10.3390/w15010192. 

Luo, Yali, Jiahua Zhang, Miao Yu, Xudong Liang, Rudi Xia, Yanyu Gao, Xiaoyu Gao, and Jinfang Yin. (2023). On the 
Influences of Urbanisation on the Extreme Rainfall over Zhengzhou on 20 July 2021: A Convection-Permitting 
Ensemble Modeling Study. Advances in Atmospheric Sciences, 40(3):393–409. doi: 10.1007/s00376-022-2048-
8. 

Marengo, Jose A., Marcelo E. Seluchi, Ana Paula Cunha, Luz Adriana Cuartas, Demerval Goncalves, Vinicius B. Sper-
ling, Andrea M. Ramos, Giovanni Dolif, Silvia Saito, Fabiani Bender, Tarcio Rocha Lopes, Regina C. Alvala, 
and Osvaldo L. Moraes. (2023). Heavy Rainfall Associated with Floods in Southeastern Brazil in November–
December 2021. Natural Hazards 116(3), 3617–44. doi: 10.1007/s11069-023-05827-z. 

Mashao, Frederick M., Mologadi C. Mothapo, Rendani B. Munyai, Josephine M. Letsoalo, Innocent L. Mbokodo, Tshim-
biluni P. Muofhe, Willem Matsane, and Hector Chikoore. (2023). Extreme Rainfall and Flood Risk Prediction 
over the East Coast of South Africa. Water (Switzerland), 15(1), 1–19. doi: 10.3390/w15010050. 

Merz, Bruno, Günter Blöschl, Sergiy Vorogushyn, Francesco Dottori, Jeroen C. J. H. Aerts, Paul Bates, Miriam Bertola, 
Matthias Kemter, Heidi Kreibich, Upmanu Lall, and Elena Macdonald. (2021). Causes, Impacts and Patterns of 
Disastrous River Floods. Nature Reviews Earth and Environment, 2(9), 592–609. doi: 10.1038/s43017-021-
00195-3. 

Monjo, Robert, Luca Locatelli, John Milligan, Luis Torres, Marc Velasco, Emma Gaitán, Javier Pórtoles, Darío Redolat, 
Beniamino Russo, and Jaime Ribalaygua. (2023). Estimation of Future Extreme Rainfall in Barcelona (Spain) 
under Monofractal Hypothesis. International Journal of Climatology, 43(9), 4047–68. doi: 10.1002/joc.8072. 

Moses, O., R. C. Blamey, and C. J. C. Reason. (2023). Extreme Rainfall Events over the Okavango River Basin, Southern 
Africa. Weather and Climate Extremes 41(8), 100589. doi: 10.1016/j.wace.2023.100589. 

Myhre, G., K. Alterskjær, C. W. Stjern, Hodnebrog, L. Marelle, B. H. Samset, J. Sillmann, N. Schaller, E. Fischer, M. 
Schulz, and A. Stohl. (2019). Frequency of Extreme Precipitation Increases Extensively with Event Rareness 
under Global Warming. Scientific Reports 9(1), 1–10. doi: 10.1038/s41598-019-52277-4. 

Palmer, Paul I., Caroline M. Wainwright, Bo Dong, Ross I. Maidment, Kevin G. Wheeler, Nicola Gedney, Jonathan E. 
Hickman, Nima Madani, Sonja S. Folwell, Gamal Abdo, Richard P. Allan, Emily C. L. Black, Liang Feng, Mas-
ilin Gudoshava, Keith Haines, Chris Huntingford, Mary Kilavi, Mark F. Lunt, Ahmed Shaaban, and Andrew G. 
Turner. (2023). Drivers and Impacts of Eastern African Rainfall Variability. Nature Reviews Earth and Environ-
ment 4(4), 254–70. doi: 10.1038/s43017-023-00397-x. 

Sa’adi, Zulfaqar, Zulkifli Yusop, and Nor Eliza Alias. (2023). Long-Term Homogeneity and Trend Analysis of Seasonal-
ity and Extreme Rainfall under the Influence of Climate Change in Johor River Basin, Malaysia. Springer Neth-
erlands, 117 (2), 1813-1845. doi : 10.1007/s11069-023-05930-1 

Sauter, Christoph, Hayley J. Fowler, Seth Westra, Haider Ali, Nadav Peleg, and Christopher J. White. (2023). Compound 
Extreme Hourly Rainfall Preconditioned by Heatwaves Most Likely in the Mid-Latitudes. Weather and Climate 
Extremes 40:100563. doi: 10.1016/j.wace.2023.100563. 

Sougué, Madou, Bruno Merz, Jean Mianikpo Sogbedji, and François Zougmoré. (2023). Extreme Rainfall in Southern 
Burkina Faso, West Africa: Trends and Links to Atlantic Sea Surface Temperature. Atmosphere, 14(284), 1–15. 
doi: 10.3390/atmos14020284. 

Sun, Yue, Jianping Li, Hao Wang, Ruize Li, and Xinxin Tang. (2023). Extreme Rainfall in Northern China in September 
2021 Tied to Air–Sea Multi-Factors. Climate Dynamics, 60(7–8), 1987–2001. doi: 10.1007/s00382-022-06439-
2. 

Sundriyal, Yaspal, Vipin Kumar, Firoz Khan, Mohit Kumar Puniya, Sameeksha Kaushik, Neha Chauhan, Dhirendra Singh 
Bagri, and Naresh Rana. (2023). Impact of Potential Flood on Riverbanks in Extreme Hydro-Climatic Events, 
NW Himalaya. Bulletin of Engineering Geology and the Environment 82(6), 1–18. doi: 10.1007/s10064-023-
03205-4. 

Suneela, S. S., Basil Mathew, and S. Sureshkumar. (2023). The Anomalous Weather Parameters That Lead to the Extreme 
Rainfall of Kerala in August 2018. Meteorology and Atmospheric Physics 135(4), 1–13. doi: 10.1007/s00703-
023-00974-1. 

Supari, Sudibyakto, Janneke Ettema, and Edvin Aldrian. (2012). Spatiotemporal Characteristics Of Extreme Rainfall 
Events Over Java Island, Indonesia Supari. Indonesian Journal of Geography, 44(1), 62–86. doi: 
10.22146/indo.j.geog. 

Tabari, Hossein. (2020). Climate Change Impact on Flood and Extreme Precipitation Increases with Water Availability.” 
Scientific Reports, 10(1), 1–10. doi: 10.1038/s41598-020-70816-2. 

Tamm, Ottar, Egle Saaremäe, Kristiina Rahkema, Jaak Jaagus, and Toomas Tamm. (2023). The Intensification of Short-
Duration Rainfall Extremes Due to Climate Change – Need for a Frequent Update of Intensity–Duration–Fre-
quency Curves. Climate Services 30:100349. doi: 10.1016/j.cliser.2023.100349. 



Forum Geografi, 37(2), 2023; DOI: 10.23917/forgeo.v37i2.22339  

Ulfiana et al.  Page 116   

Tamoffo, Alain T., Torsten Weber, Akintomide A. Akinsanola, and Derbetini A. Vondou. (2023). Projected Changes in 
Extreme Rainfall and Temperature Events and Possible Implications for Cameroon’s Socio-Economic Sectors. 
Meteorological Applications, 30(2):1–21. doi: 10.1002/met.2119. 

Tradowsky, Jordis S., Sjoukje Y. Philip, Frank Kreienkamp, Sarah F. Kew, Philip Lorenz, Julie Arrighi, Thomas 
Bettmann, Steven Caluwaerts, Steven C. Chan, Lesley De Cruz, Hylke de Vries, Norbert Demuth, Andrew Fer-
rone, Erich M. Fischer, Hayley J. Fowler, Klaus Goergen, Dorothy Heinrich, Yvonne Henrichs, Frank Kaspar, 
Geert Lenderink, Enno Nilson, Friederike E. L. Otto, Francesco Ragone, Sonia I. Seneviratne, Roop K. Singh, 
Amalie Skålevåg, Piet Termonia, Lisa Thalheimer, Maarten van Aalst, Joris Van den Bergh, Hans Van de Vyver, 
Stéphane Vannitsem, Geert Jan van Oldenborgh, Bert Van Schaeybroeck, Robert Vautard, Demi Vonk, and Niko 
Wanders. (2023). Attribution of the Heavy Rainfall Events Leading to Severe Flooding in Western Europe during 
July 2021. Climatic Change, 176(90):1–38. doi: 10.1007/s10584-023-03502-7. 

Umer, Yakob, Victor Jetten, Janneke Ettema, and Gert Jan Steeneveld. (2023). Assessing the Impact of the Urban Land-
scape on Extreme Rainfall Characteristics Triggering Flood Hazards. Hydrology, 10(15), 1–19. doi: 10.3390/hy-
drology10010015. 

Wasko, Conrad, Danlu Guo, Michelle Ho, Rory Nathan, and Elisabeth Vogel. (2023). Diverging Projections for Flood 
and Rainfall Frequency Curves. Journal of Hydrology, 620, 129403. doi: 10.1016/j.jhydrol.2023.129403. 

Wilby, R. L., C. W. Dawson, D. Yu, Z. Herring, A. Baruch, M. J. Ascott, D. L. Finney, D. M. J. Macdonald, J. H. Marsham, 
T. Matthews, and C. Murphy. (2023). Spatial and Temporal Scaling of Sub-Daily Extreme Rainfall for Data 
Sparse Places. Climate Dynamics 60(11), 3577–96. doi: 10.1007/s00382-022-06528-2. 

Wu, Junting, Juan Li, Zhiwei Zhu, and Pang Chi Hsu. (2023). Factors Determining the Subseasonal Prediction Skill of 
Summer Extreme Rainfall over Southern China. Climate Dynamics 60(1–2), 443–60. doi: 10.1007/s00382-022-
06326-w. 

 


