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Climate change due to weather anomalies causes rainfall and frequency to be more
intense than normal conditions, including on the island of Sumatera, Indonesia. This has
the potential to cause hydrometeorological disasters, such as floods and landslides. The
intensity duration frequency (IDF) is an approach of rainfall amounts in water resources
engineering for planning, designing, and operating water resources projects. Therefore,
this article aims to conduct a rainfall intensity mapping study for specific return periods
using the intensity duration frequency (IDF) approach, a case study of Sumatera Island,
Indonesia, with the period of historical rainfall between 2013 and 2022. The purpose of
the study is to provide essential reference information to mitigate hydrometeorological
disasters to avoid the accumulation of rainwater in disaster-prone areas. The method used
is a quantitative study using historical rainfall data from 48 rainfall recording stations in
the Sumatera Island area. The results of this study show that the average maximum daily
rainfall at nine stations is in the normal category, 39 rain gauge stations are in the standard
medium rainfall category, and the rest are in the high category. Maps for each of these
conditions are attached as the main results of this study. The practical application of this
research has generated disaster vulnerability maps using IDF approaches for Sumatera
Island (Indonesia) based on rainfall, emphasizing decreasing and aware activity in these

areas.

1. INTRODUCTION

Climate change is a global phenomenon that has ushered in
anew era of weather extremes that significantly affects various
regions around the world. One of the consequences of climate
change is the increase in intensity and frequency of rainfall,
which can lead to a variety of hydrometeorological disasters,
such as floods and landslides [1-3]. The island of Sumatera,
located in Indonesia, is no exception to these changing weather
patterns, experiencing increased rainfall events that have the
potential to disrupt lives and livelihoods. Recognizing the
urgent need to understand and manage this increasing
challenge, this research endeavors to conduct a comprehensive
study of rainfall intensity mapping for specific return periods
on Sumatera Island, Indonesia, using the intensity duration
frequency (IDF) approach.

Sumatera, the sixth largest island in the world, is known for
its rich biodiversity and unique ecosystems, but is also highly
vulnerable to the impacts of climate change. Understanding
the changing patterns of rainfall in this region is crucial to
effective disaster mitigation and preparedness [4-6]. The IDF
approach is a well-established methodology in hydrology and
climatology, providing valuable information on the
relationship between rainfall intensity, duration, and
frequency [7-9]. By applying this approach to Sumatera, our
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objective is to provide essential reference information that can
guide policymakers, urban planners and disaster management
agencies in minimizing the accumulation of rainwater in
disaster-prone areas.

Historical rainfall data recording stations scattered
throughout Sumatera Island are essential in studies to know
the effects of the past on the future [10-12]. These stations
have been strategically placed to capture a comprehensive
view of the island's diverse climate and topography. Through
rigorous analysis and modeling, our objective is to unravel
patterns and trends in rainfall intensity for specific return
periods. The results of this study will not only contribute to
our understanding of the changing climate in Sumatera, but
will also aid in the formulation of targeted strategies to
mitigate the risks associated with hydrometeorological
disasters.

The significance of this research lies in its potential to
enhance our ability to predict and manage extreme rainfall
events on Sumatera Island. By identifying areas with high
intensity rainfall and specific return periods, we can take
proactive measures to protect communities and infrastructure.
Additionally, the insights gained from this study will support
the development of localized adaptation strategies that can
mitigate the adverse effects of climate change in the region.
Ultimately, this research aims to bridge the gap between
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scientific knowledge and practical solutions, empowering
decision-makers to make informed decisions in the face of
evolving climate challenges.

The remainder of this paper is organized as follows. Section
1 provides an overview of the introduction. Section 2 outlines
the methodology used in this study. Section 3 discusses the
implications of the findings and their potential applications in
disaster management. Finally, Section 4 concludes the article
by summarizing the main objectives and results of the research,
highlighting the importance of this work in addressing the
growing concerns related to rainfall intensity in Sumatera,
Indonesia.

2. METHODOLOGY

Rain measurement is carried out by collecting rain that falls
at several predetermined points using a rain gauge. Measurable
rain represents the area around it, which is expressed by the
depth of the rain. The rain data used in this investigation are
secondary data or online data in the form of maximum daily
rainfall data originating from the Meteorological, Climatology
and Geophysics Agency, collected from 48 rain gauge stations
spread across ten provinces on the island of Sumatera. The
length of the research observations is limited to daily rainfall
data from 2013 to 2022. The names and distribution of the rain
stations in each province can be seen in Figure 1.
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Figure 1. Map of the distribution of rainfall climatology
stations on Sumatera island

2.1 Testing of rain constance data

Changes in the location of rain stations or measurement
procedures can significantly influence the amount of rain
measured, which can cause errors in the form of data
inconsistencies. Consistency testing means testing the
accuracy of field data that are not affected by errors during
delivery or measurement.

The consistency test using RAPS (rescaled adjusted partial
sums) is a test for individual stations (stand-alone stations)
[13-15]. This consistency test tests inconsistencies between
data within the station by detecting shifts in the average value
(mean). The test is carried out on the cumulative deviation
from the average value, as stated in Eqgs. (1)-(4).

Sk*0=0 (1)

572

Sk* = Zk (Yi—Yr) ?)
i+1
sk = 3K 3
e (3)
= (Yi— Y7)?
D, = Z% @
i=1

where, Yi is rainfall data, Y7 is average rainfall, Dy is average
deviation, 7 is the amount of data, and kis 1,2, 3, ..., n.

For homogeneous or homogeneous data, the Sk* value will
range close to zero. RAPS is obtained by dividing Sk* by the
standard deviation value Dy. The test uses data from the station
itself, namely testing with the cumulative deviation of the
average value divided by the cumulative root of the mean
squared deviation of the average value. This can be seen more
clearly in the formula for the statistical values of Qy and Ry.

Qy = Maks|Sk™|, 0<k<n (%)

Ry = Maks Sk™ — Min Sk™, 0<k<n (6)
where, Sk*0 is the initial deviation, Sk* is the absolute
deviation, Sk** is the consistency value of the data, Q is the
statistical value of Q for 0<k<n, n is the amount of data, and R
is the statistical value (range).

You can find the Qy/n (statistical value of Q per total data)
and Ry/n (statistical value of R per total data) values by looking
at the statistical values above. The results can be compared
with the Qy/n condition and Ry/n condition values; if the
results are minor, then the data is still within consistent limits.
The statistical values of Q and R are given in Table 1.

Table 1. Percentage of Qy/n and Ry/n values

Amount Qy/n Ry/n
of Data  90% 95% 99% 90% 95%  99%
10 1.05 1.14 1.29 1.21 1.28 1.38
20 1.10 1.22 1.42 1.34 1.43 1.60
30 112 1.24 1.46 1.40 1.50 1.70
40 1.13 1.26 1.50 1.42 1.53 1.74
50 1.14 1.27 1.52 1.44 1.55 1.78
100 1.17 1.29 1.53 1.50 1.62 1.86
>100 1.22 1.36 1.55 1.62 1.75 2.00

2.2 Rainfall frequency analysis

This frequency analysis is based on the statistical properties
of past event data to obtain the probability of the amount of
rain in the future, assuming that the statistical properties of
future rain events are still the same as those of past rain events.
Determining the data series used in frequency analysis can be
done using the maximum annual series, which is done by
taking the top data each year. This means that the number of
data series will be the same as the length of available data. As
a result, the second maximum rainfall or flood in one year that
may be greater than the maximum rainfall or flood in another
year is not included in this analysis.

In statistics, several types of frequency distributions are
known, and the four types of distribution widely used in the
field of hydrology are the Gumbel distribution, normal
distribution, log-normal distribution, and log- Pearson III
distribution [16-18]. In statistics, there are several parameters



related to data analysis, which include:

1. The average value (X) reasonably represents a
distribution. The average value is considered the
central value and can be used to measure a distribution.

2. The standard deviation or standard deviation (s) is the
distribution of data in a sample to seec how far or how
close the data value is to the average.

3. The coefficient of variance (Cv) compares the standard
deviation and the mean value.

4. The skewness coefficient (Cs), i.e., the skewness or
skewness of the data, can be used to determine the
degree of asymmetry of a form of distribution.

5. The kurtosis coefficient (Ck) measures the peak of a
distribution.

2.3 Rainfall intensity analysis

Rain intensity or rain thickness per unit of time is usually
recorded in units of millimeters per hour (mm/hour). The data
used are high intensity rain data that occur quickly, such as
rain durations of 5, 10, 15, ..., 120 minutes, or more. If short-
term or hourly rain data are unavailable and only daily rain
data are available, then the rain intensity can be calculated
using the Mononobe formula [19, 20].

2.4 Rain intensity mapping

For centuries, information on the earth's surface has been
presented in maps, including rainfall information. Currently,
software is widely used to detect rainfall and rain intensity.
One of them uses ArcGIS software to map rainfall areas.
ArcGIS is a software package consisting of Geographic
Information System (GIS) software products produced by
ESRI (Environmental Systems Research Institute) to map a
region [21].

3. RESULT AND DISCUSSION
3.1 Rain data consistency

Several of the 48 rain measuring stations observed had
incomplete data because the rain measuring stations were still
new (less than ten years old). To fill in the incomplete rain data,
an approach was made to the NASA rain data (www.nasa.gov).
Next, a consistency test was carried out on the rain data using
the rescaled adjusted partial sums (RAPS) method as has been
reported in previous studies [22-24]. Figure 2 shows a striking
visual representation of the rainfall consistency test, which is
a crucial component of the broader study on rainfall intensity
mapping for specific return periods. This graph is an essential
tool in the quantitative analysis of historical rainfall data,
serving as a diagnostic check to ensure the reliability and
coherence of the data collected from 48 rain gauge stations
across Sumatera [sland. The rescaled adjusted partial sum test,
depicted in the figure, is a sophisticated statistical method used
to identify inconsistencies in rainfall data, which may indicate
errors in data collection or represent actual anomalies in
rainfall patterns. The diverse color palette in the graph
facilitates a clear distinction between the various rain gauge
stations, allowing for an immediate visual assessment of those
falling within the normal, medium and high rainfall categories.
This categorization is vital to understand the spatial
distribution of rainfall intensity and frequency, which directly
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influences hydrometeorological disaster mitigation strategies
[25-27].

The illustrated results serve as a methodological exhibit and
a substantive foundation for subsequent rainfall intensity
mapping. The data in the graph reveal that most stations
exhibit rainfall amounts within the standard medium category.
This insight underscores the need for region-specific disaster
preparedness measures. By providing a detailed visual
breakdown of data consistency, the study emphasizes the need
for tailored approaches to water accumulation management,
particularly in disaster-prone areas. These results form the
basis for producing maps that delineate regions by their
respective rainfall categories, critical information for
government agencies, urban planners and disaster response
teams in Sumatera. Thus, this graph is a testament to rigorous
data analysis and a key instrument in the practical application
of the study's findings towards reducing the risk and impact of
hydrometeorological disasters.
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Figure 2. RAPS test results for rain measuring stations on
sumatera island

3.2 Calculation of frequency analysis

The selection of rain data for frequency analysis uses the
annual maximum series method, namely by selecting one top
data for each year. This method is used if rainfall data is
available for at least ten years of time series data (Figure 3).
According to BMKG, the average rainfall is divided into three
categories, namely low (0 — 100 mm), medium (100 — 300
mm), high (300 — 500 mm), and very high (> 500 mm) [28,
29]. In Figure 3, it can be seen that for nine rain gauge stations
(18.75%) on Sumatera Island, the average maximum daily
rainfall is in the usual low rainfall category (lowest average
maximum daily rainfall = 67.2 mm), while 81.25% (39 rain
gauge stations) falls into the normal medium rainfall category
with the highest average maximum daily rainfall at = 228.32
mm.
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Figure 3. Maximum daily rainfall for the last 10 years



Frequency analysis is a procedure to estimate the frequency
of an event in the past or future. This procedure can determine
the design rainfall in various return periods based on the
frequency distribution that best matches the theoretical rainfall
distribution with the empirical rainfall distribution. In statistics,
several parameters are related to data analysis to estimate
frequency distributions: mean, standard deviation, coefficient
of variation, kurtosis coefficient and skewness coefficient. The
results of the statistical parameters and the appropriate
distribution types for the rain data for each rain post are shown
in Figure 4.
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Figure 4. Results of statistical parameters and corresponding
distribution types from each rainfall measurement station

After frequency analysis, the goodness-of-fittest test is
carried out on the frequency distribution of the data samples to
the probability distribution function, which is estimated to
describe or represent the frequency distribution. The tests
often used are the Chi-square test and the Smirnov-
Kolmogorov test, and the rain data from these 48 stations meet
the criteria for the Chi-square test and the Smirnov-
Kolmogorov test [30].

The following research stage calculates the design rainfall
in various return periods based on the most appropriate
frequency distribution, namely the log Pearson III distribution.
Figure 5 provides a comprehensive visual analysis of the
maximum amounts of projected rainfall in different return
periods, from annual to centennial scales. This figure is
instrumental in understanding the potential variability and
extremity of rainfall events that Sumatera Island could
experience. The curves represent the intensity of rain that is
statistically likely to be equal to or exceeded once in a
specified number of years at each station. As shown, the
steeper gradients of some curves suggest a higher sensitivity
of those locations to extreme rainfall events, which could be
critical for flood risk assessments. In particular, the graph
highlights a subset of stations with significantly higher design
rainfall values, which could indicate regional climatic factors
or geographic anomalies contributing to more intense rainfall
patterns. These insights are vital for infrastructure design and
urban planning, where safety margins against flooding must
consider the heaviest rainfall likely to occur [31, 32].

The data encapsulate the variation in rainfall intensity with
a clear distinction of return periods, essential for developing
robust intensity-duration-frequency (IDF) relationships for the
island. The spread of the curves across the graph illuminates
the heterogeneity in rainfall patterns, implying that a one-size-
fits-all approach to infrastructure design in Sumatera would be
inadequate. The higher values of rain fall maximum (Rmax)
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observed for more extended return periods underscore the
necessity of incorporating climate change projections into
planning and design standards. This is particularly relevant for
Sumatera, as it must prepare for the possibility of more
frequent and severe hydrometeorological events. The
information depicted in this graph will help policymakers and
engineers create more resilient water management systems,
ensuring that the infrastructure can withstand the upper
echelons of projected rainfall intensity.
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Figure 5. Design rainfall (Rmax) at various return periods
from each rainfall measuring station

3.3 Calculation of rain intensity

This study analyzes rain intensity for varying return periods
(2, 5, and 10 years) and short durations (15 to 120 minutes).
This data is crucial for engineers planning peak discharge for
drainage systems in small catchment areas. It considers how
short-duration, high-intensity rainfall events in different
catchment parts can converge at the discharge point [33-35].
This simultaneous review helps in effective drainage design.
Figure 6 presents an integral component of the rainfall
intensity analysis for Sumatera Island. This graph delineates
the intensity of rainfall events expected to occur on average
once every two years across a range of durations at each of the
48 stations examined in the study. The descending lines
illustrate a clear inverse relationship between rainfall intensity
and duration, a characteristic finding in hydrological analyses.
In particular, the tight clustering of lines at shorter durations
indicates a more uniform response among stations to short-
duration rainfall events. As the duration increases, the spread
of the lines widens, suggesting that the variability among
stations becomes more pronounced over extended periods.
This is a critical observation for water resource management
and disaster mitigation, as it emphasizes that the intensity of
short-duration rainfall events may be more predictable and
uniform across different regions of Sumatera. On the contrary,
longer-duration events exhibit more significant spatial
variability [36-39].

The implications of the data shown in Figure 6 are profound
for the design and implementation of flood mitigation
strategies. The relatively high intensity of short-duration
rainfall highlights the need for rapid-response drainage
systems to cope with sudden deluges, particularly in urban
areas where impermeable surfaces exacerbate surface runoff.
For longer durations, the data suggest that while intensity
decreases, the total volume of water can still pose significant
risks, necessitating the design of storage and slow release
systems to prevent overburdening drainage capacity. Based on



empirical data from multiple gauge stations, this nuanced
understanding of rainfall intensity as a function of duration
equips planners and engineers with the necessary information
to design customized flood prevention measures. Such
measures must be calibrated to the unique hydrological
characteristics of each region within Sumatera to effectively
mitigate the risks associated with these predictable but
potentially destructive two-year return period rainfall events.
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Figure 6. Mononobe rainfall intensity from 48 rain gauge
stations for 2-year return periods of various durations

Figure 7 is a graphical representation of the analysis of the
intensity of the rain that plays a critical role in understanding
the hydrological patterns of Sumatera Island. The graph shows
a series of descending lines, each representing the expected
rainfall intensity of a rain gauge station for events with a return
period of five years. The line convergence at the initial point
on the Y-axis indicates that short-duration, high-intensity
rainfalls are shared across the studied locations. As the
duration increases, the intensity decreases, which is consistent
with hydrological principles. The spread of the lines illustrates
the variability of rainfall intensity across different durations
and gauging stations, providing insight into the regional
variations in rainfall patterns. This variability is significant for
risk assessment, as it indicates that certain areas may be more
susceptible to intense rainfall events than others [40, 41],
which is critical to designing infrastructure and implementing
effective flood management strategies.

The data presented in Figure 7 are essential for the
development of infrastructure that can withstand significant
rainfall events that occur on average once every five years. It
suggests that Sumatera's stormwater systems must handle a
range of rainfall intensities, from high-intensity, short-
duration storms to less intense, but possibly more prolonged,
rainfall events. For urban planners and civil engineers, these
data are critical for designing flood mitigation systems, such
as retention basins and reinforced drainage channels, tailored
to their respective regions' specific rainfall profiles. The figure
underscores the need for a flexible approach to water
management that accommodates the varying intensities and
durations of rainfall, ensuring that the infrastructure is resilient
against a spectrum of hydrometeorological challenges posed
by the five-year return period events.

Figure 8 offers a detailed visualization of the expected
rainfall intensity for events with a return period of a decade.
This graph is particularly significant for long-term urban and
regional planning. The curvature of the lines indicates the
relationship between rainfall intensity and duration,
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confirming that shorter events tend to be more intense. This is
crucial for designing infrastructure elements, such as
stormwater systems, that must cope with intense bursts of
rainfall. The variance between the lines suggests that, while all
stations are subject to similar hydrological patterns, the degree
to which they are affected by heavy rain over a given duration
can differ markedly. This differential can be attributed to
geographical location, elevation, and local climate conditions.
The higher intensities at the left end of the graph highlight the
need for robust flood management strategies, especially in
areas where the infrastructure may be vulnerable to extreme
weather events [42].

The information in Figure 8 is vital to developing effective
disaster risk reduction strategies. Given that these rainfall
events are expected to occur once every ten years, they are less
frequent but potentially more devastating. The graph provides
policymakers and engineers with the data necessary to
understand and prepare for the worst-case rainfall intensity
and duration scenarios. This is important for the size of the
drainage infrastructure, the creation of emergency response
plans, and the implementation of landscape management
practices that can mitigate the effects of heavy rains. The
spread of the lines towards the right end of the graph also
highlights the need for sustainable water management
practices that can accommodate prolonged rainfall events,
ensuring that water resources are managed efficiently and
flood risks are minimized.
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Figure 7. Mononobe rainfall intensity from 48 rain gauge
stations for 5-year return periods of various durations
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In this study, Mononobe rain intensity values were obtained
from 48 rain stations on the island of Sumatera for return
periods of 2, 5, and 10 years with a duration of 60 minutes,
including conditions of heavy rain (>20 mm). High intensity
and short duration rain conditions must be considered when
planning maximum discharge for drainage design in small
catchment areas. The comparative analysis of Figure 6 until
Figure 8 reveals the progression of rainfall intensities at
different return periods (2, 5, and 10 years, respectively) for
various durations at the 48 rain gauge stations on Sumatera
Island. All three figures show a clear trend of decreasing
rainfall intensity with increasing duration, highlighting
universal hydrological behavior. However, when comparing
the figures, a notable shift in the intensity of rainfall events
becomes apparent. Figure 6 indicates a more uniform intensity
between stations for the 2-year return period, suggesting a
frequent occurrence of moderate intensity rainfall events.
Moving to Figure 7, the 5-year return period shows a slight
increase in spread between stations, indicating the beginning
of a differentiation in the intensity of rainfall events that can
be expected to occur less frequently. Figure 8, representing the
10-year return period, exhibits an even greater spread among
stations, implying that these less frequent events are
characterized by a broader range of rainfall intensities,
reflecting the variability of heavier rainfall events over a
decade.

The rainfall data depicted in these figures are critical for
infrastructure planning and risk management. While Figure 6
indicates the need for regular flood mitigation measures,
Figure 7 and Figure 8 suggest that preparations must be made
for less frequent but more intense and potentially damaging
rainfall events. This distinction is essential for the design and
implementation of water management systems. The systems
must be robust enough to handle the regular intensity of 2-year
events, as seen in Figure 6, while also being resilient against
the more extreme but less frequent events shown in Figure 7
and Figure 8. The increased variability and intensity of rainfall
in the S5-year and 10-year return periods underscore the
importance of designing adaptive systems that respond to
various meteorological conditions, protecting vulnerable areas
from the varying impacts of rainfall events over different
timescales.

3.4 Rain intensity map

The following is a Mononobe method rain intensity map for
return periods of 2, 5, and 10 years for 60 minutes. This map
can estimate the maximum flow discharge, such as planning
city drainage systems, culverts, and bridges. Figure 9 provides
a spatial visualization of the intensity of rainfall on Sumatera
Island for a specific duration and frequency. The map is color-
coded to represent different rainfall intensities, measured in
mm per hour, which are expected to be exceeded once every
two years for one hour. This representation is crucial for
understanding the geographic distribution of rainfall
intensities and identifying areas particularly susceptible to
intense precipitation in a short period of time. The
concentration of higher intensity values in certain regions
indicates potential hotspots for flash flooding, necessitating
targeted infrastructure to manage sudden water flows. The use
of geographic coordinates along with station codes allows for
precise location identification, making the map a valuable tool
for local authorities and urban planners in developing region-
specific flood mitigation strategies.
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Figure 9. Rain intensity map of Sumatera island at 2 year
return duration 60 minutes

The significance of Figure 9 lies in its utility for emergency
planning and disaster risk reduction. The darker shaded
regions indicate higher rainfall intensities, which require
particular attention for urban drainage planning and
agricultural and watershed management. The map also
informs the development of early warning systems and
evacuation plans, as areas prone to higher intensity are at
greater risk of flash floods and associated hazards. For
engineers and planners, this map is a foundational piece in
designing and strengthening infrastructure, such as stormwater
systems and flood barriers, to withstand the impact of intense
rainfall events. Furthermore, the map can be used to educate
the public about areas at risk, fostering community
preparedness and resilience in the face of hydrometeorological
challenges.

Figure 10 illustrates the expected intensity of rainfall for one
hour, which is likely to occur once every five years. The map
color gradient effectively differentiates between areas of
varying rainfall intensities, with darker colors indicating
higher intensities. This detailed mapping is crucial to identify
regions at increased risk of experiencing significant rainfall
within a relatively short period, which is critical in managing
flood risks and designing adequate stormwater facilities. The
map shows a transparent gradient of rainfall intensity, with
specific zones exhibiting a higher propensity for intense
rainfall. These areas are particularly interesting for
infrastructure development and emergency planning, as the
five-year return period suggests a moderate frequency of
occurrence with potentially high impact.
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Figure 10. Rain intensity map of Sumatera island at 5 year
return duration 60 minutes



The data represented in Figure 10 are instrumental in
strategic planning in water-sensitive urban design and
agricultural practices. The intensities marked on the map guide
the construction of a water infrastructure with sufficient
capacity to handle the rainfall of such an event, ensuring that
the drainage systems are not overwhelmed during peak rains.
Furthermore, visualization is an empirical basis for local
governments to allocate resources effectively, focusing on the
most vulnerable regions. Understanding the spatial
distribution of rainfall intensity allows for a proactive
approach to disaster risk reduction, including the
implementation of early warning systems. It contributes to the
overall resilience of communities to hydrometeorological
hazards. This map is a valuable asset for a comprehensive
flood management strategy, providing vital information for
informed decision-making and long-term planning.
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Figure 11. Rain intensity map of Sumatera Island at 10 year
return duration 60 minutes

Figure 11 presents the expected rain intensities for a
significant one-hour rainfall event that is statistically expected
to recur once every ten years. With its color-coded intensity
zones, this map is crucial for identifying the spatial
distribution of high-intensity rainfalls on Sumatera Island.
Darker colors on the map denote regions with the highest
intensity of rain, signifying potential areas of concern for
extreme weather events. This information is crucial for long-
term  planning, particularly in areas prone to
hydrometeorological disasters such as floods. The 10-year
interval depicted on the map suggests these events are
infrequent, but potentially severe, highlighting the need for
robust infrastructure resilience and effective emergency
management strategies.

The higher intensity zones indicated on the map require the
development of reinforced flood defense systems and effective
water management policies to protect vulnerable areas. This
map is a strategic tool for government authorities and urban
planners to prioritize areas for the investment of flood
prevention and management infrastructure. It also guides the
development of localized emergency response protocols,
considering the increased impact of less frequent but more
intense rainfall events. Furthermore, the data provided in
Figure 11 could be integrated into regional planning guidelines
to inform the construction of buildings, roads, and public
utilities, ensuring that they are designed to withstand the high-
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intensity decadal rainfall events and contribute to the overall
resilience of the infrastructure on Sumatera Island.

4. CONCLUSIONS

Extensive examination of rainfall patterns throughout
Sumatera Island, Indonesia, employing the intensity duration
frequency (IDF) method, has provided a crucial understanding
of the geographical and temporal dispersion of rainfall
intensities at different recurrence intervals. The IDF curves
derived from historical rainfall data collected from 48 rain
gauge sites around the island have allowed the development of
precise rain intensity maps for 2-year, 5-year and 10-year
recurrence intervals, each corresponding to a duration of 60
minutes. The results derived from the rescaled adjusted partial
sums test, the design rainfall analysis, and the resulting
intensity maps provide a reliable data set to understand rainfall
patterns and prepare for probable hydrometeorological
catastrophes.

The analytical results demonstrate that most of the rain
gauge stations on Sumatera Island measure rainfall within the
medium standard range, while a smaller portion falls into the
high and normal categories. The intensity of rains decreases
significantly as the length increases, but the divergence
between weather stations becomes more noticeable over
extended periods. The observed pattern remains constant
throughout the various time intervals examined, highlighting
the need for tailored regional planning and policies to mitigate
disasters.

The rain intensity maps display regions with an increased
likelihood of heavy rainfall, especially those with more
profound color suggestions. These dark areas indicate a higher
risk of flash floods and the need for immediate action in
infrastructure design and community preparation. These maps
are essential for government agencies, urban planners, and
disaster response teams to establish policies that reduce flood
risks, especially considering the more frequent and intense
rainfall events caused by climate change.

Ultimately, this work offers implications as crucial
reference data for effectively reducing hydrometeorological
disasters on Sumatera Island. The research uses a quantitative
analysis of historical rainfall data. Create detailed maps to help
implement adaptive infrastructure design, efficient land use
planning, and the development of comprehensive flood risk
management strategies. This highlights the need to consider
the intensity and frequency of rainfall in the context of climate
change to strengthen the island's ability to withstand the
anticipated rise in hydrometeorological occurrences. Adopting
this proactive strategy is crucial to protect the lives,
livelihoods, and economy of Sumatera Island, establishing a
model for conducting such investigations in other areas. Last
but not least, by expanding and adding observation stations,
we can further increase the accuracy of the method being
developed.
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