
Research Article
Climate Change Impact on the Trigger of Natural Disasters over
South-Eastern Himalayas Foothill Region of Myanmar: Extreme
Rainfall Analysis

Kyaw Than Oo ,1,2 Chen Haishan ,1 and Kazora Jonah 1,3

1School of Atmospheric Sciences, Nanjing University of Information Science and Technology, Nanjing, China
2Aviation Weather Services, Yangon, Myanmar
3Rwanda Meteorology Agency (Meteo Rwanda), Kigali, Rwanda

Correspondence should be addressed to Kyaw Than Oo; kyawthanoo34@outlook.com

Received 30 August 2023; Revised 20 November 2023; Accepted 6 December 2023; Published 22 December 2023

Academic Editor: Sampad Kumar Panda

Copyright © 2023 Kyaw Than Oo et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.

The study examines the characteristics and variability of monsoon rainfall in Myanmar, focusing on the relationship between
heavy rainfall, floods, and earthquakes, which impact agriculture, hydrology, and the environment. Generally, heavy rainfall
can cause flooding, economic losses, and water table changes. Northern Myanmar floods occur mainly during the monsoon
season from June to October and can be classified into widespread floods along major rivers like Ayeyarwady, Thanlwin,
Chindwin, and Sittoung and flash floods in small streams and rivers. Climate change is expected to increase the frequency
and intensity of extreme weather events, including heavy rainfall, which can trigger floods or landslides, which also can in
turn cause earthquakes. Heavy rainfall over northern Myanmar and the Sagaing faults, which are the main triggers of
earthquakes, has been the subject of several studies. The study uses the Copernicus 5 database of global climate model (GCM)
simulations with two scenario analyses on climate change detection and indices (ETCCDI) to study changes in climatic
extremes. Results show high intensity in the northern region and monsoon core regions, while the central region shows less
intensity. The study also uses intensity-duration-frequency (IDF) curves to analyze the relationship between rainfall duration,
intensity, and return time in major risk zones. The study finds that as short duration lengthens, rainfall intensity increases for
future rainfall patterns. This information is expected to be convenient for local authorities and flood protection projects in
rural and urban basins.

1. Introduction

Myanmar, located in Southeast Asia, experiences a monsoon
climate characterized by distinct wet and dry seasons. The
country’s monsoon season generally lasts from May to
October, with the highest rainfall occurring in July and
August. Monsoon rainfall is critical to Myanmar’s agricul-
ture sector, which is the primary source of livelihood for
the majority of the population. During this time, heavy rains
replenish the soil, recharge groundwater, and provide water
for irrigation. This is crucial for rice cultivation, which is the
main crop in Myanmar and a major source of income for
many farmers. Several studies have examined the character-

istics and variability of monsoon rainfall in Myanmar. For
instance, the studies by Mie et al. and Oo analyzed the spa-
tial and temporal patterns of monsoon rainfall in Myanmar
between 1981 and 2020 [1–3]. These studies found that
monsoon rainfall in Myanmar exhibited significant variabil-
ity at both spatial and temporal scales, with pronounced
interannual and decadal variations. The main study region
is set in Myanmar (676,578 km2). In the north, elevations
are 20m to 5000m above sea level, while the highest moun-
tain reaches over 5520m (Figure 1(a)). Study analysis was
carried out only during Myanmar’s southwest summer
monsoon season (MSwM); on the other hand, hazard risk
analysis was carried out during Myanmar’s peak rainfall
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Figure 1: Study area (a) elevation (m) map and (b) spatial distribution of climatology maximum daily rainfall (mm) for southwest monsoon
season during 1981-2020. The red boxes explain the homogeneous rainfall zone for the monsoon core (MC) region and central (C) and
northern (N) Myanmar by the Htway and Matsumoto [6] and Oo [3].
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season and peak flood and earthquake season by Myanmar
Hazard Risk analysis [4]. The mean maximum daily rainfall
is less than 5mm per day in central Myanmar with around
50mm per day in the northern, southern, and western
coastal regions which are also known as monsoon core
regions from 1981 to 2020 [3, 5].

In addition to these studies, several other studies have
examined various aspects of monsoon rainfall in Myanmar,
including its impact on agriculture, hydrology, and the envi-
ronment. For example, a study by Thwe et al. [7] investi-
gated the relationship between monsoon rainfall and rice
production in Myanmar, while a study by Fritz et al. and
Latrubesse et al. examined the impact of monsoon rainfall
on river discharge and sediment transport in the Ayeyar-
wady River basin [8, 9]. Heavy rainfall over northern Myan-
mar is important for the country’s agriculture industry and
the Ayeyarwady River, and this relationship has been the
subject of numerous studies in recent years [10]. The river
basin is the home of a large number of people who depend
on agriculture for their livelihoods. Moreover, the heavy
rainfall also plays in maintaining the water levels at the
Ayeyarwady River. The river also provides a cost-effective
means of transport for goods such as rice, timber, and min-
erals [11]. However, heavy rainfall can also lead to flooding,
which can cause damage to crops, infrastructure, and homes
[12]. In recent years, Myanmar has gone through severe
floods, which have displaced thousands of people and
caused significant economic losses. Furthermore, earth-
quakes and heavy rainfall are generally not directly related
to each other, but there are some indirect connections
between the two phenomena [13]. Some studies have exam-
ined the relationship between rainfall and natural hazards in
northern Myanmar [14, 15].

1.1. Hazard Analysis. Natural disasters present dangers to
humans and their property [17]. Tropical cyclones with
associated surges, floods, and drought are the most fre-
quent natural disasters in Myanmar [18]. Climate change
is expected to increase the frequency and severity of
extreme weather events, such as prolonged periods of rain
[19]. Rainfall that does occur will be more severe since the
atmosphere is warmer and can contain more moisture
[20]. This can result in increased flooding, landslides,
and other related hazards. Figure 2 exhibits the frequency
of natural hazards in Myanmar, and it can be found that
earthquakes and floods are major hazards in weighted
mode. Heavy rainfall over northern Myanmar is critical
for the country’s agriculture industry and the Ayeyarwady
River [21]. While it provides vital water resources for irri-
gation and transportation, it can also lead to flooding and
other challenges.

1.1.1. Earthquake. Earthquakes are brought on by the abrupt
release of energy from tectonic plates in the Earth’s crust
[22]. Similarly, heavy rainfall can trigger landslides, which
can, in turn, cause earthquakes. Although earthquakes and
rainfall are two distinct natural occurrences, there are some
similarities in the principles underlying both. Studies on
earthquake prediction have exploited abnormalities in land

surface temperature that have been seen before earthquakes
[23]. Weather events have an impact on tectonics as well.
Microseismic events can be caused by storms and typhoons
[24], which can also be triggered by heavy rainfall [25]. This
is because landslides can alter the stress on faults and cause
them to slip, leading to seismic activity [26]. In addition,
some research suggests that changes in the water table due
to heavy rainfall can also contribute to earthquakes. The
weight of heavy rainfall can also cause stress on the Earth’s
crust, which can trigger small earthquakes [27]. When the
water table rises, it can increase the pore pressure in the
Earth’s crust, which can reduce the friction on faults and
make them more likely to slip [28].

Moreover, studies using long time series of data have
shown some evidence of local thermal and rainfall abnor-
malities before earthquakes. For example, most strong
earthquakes in Southern California are preceded by a
drought-flood pattern consisting of a few years of drought
(below-normal rainfall) terminated by one or more consec-
utive seasons of heavy (above-normal) rainfall [30]. Kraft
et al. [31] found that seismicity had a significant correlation
with rainfall and groundwater levels. Overall, while earth-
quakes and heavy rainfall are not directly related, there
are some complex and indirect connections between the
two phenomena [32, 33]. The relationship between heavy
rainfall over northern Myanmar and the Sagaing faults,
which are the main trigger of earthquakes in the country,
has been the subject of several studies [34–36]. Northern
Myanmar is located also in a seismically active region and
has experienced several earthquakes in the past [37]. A ris-
ing body of research examines the connection between rain-
fall and earthquakes in Myanmar, especially in the northern
region.

Wang et al. [15] examined the impact of rainfall on seis-
micity regions including northern Myanmar. Zhang et al.
[13] investigated the relationship between rainfall, land-
slides, and seismic activity using satellite and ground-based
observations. The authors suggested that the observed corre-
lation between rainfall and earthquakes was likely due to
the effects of rainfall-induced pore pressure changes in the
subsurface, which can trigger or facilitate the occurrence
of earthquakes. Additionally, Figure 3 simulates that a large
water load of five days accumulated heavy rainfall (~300mm)
that can suppress seismicity, while surface water is unevenly
distributed (for example, water that is concentrated in a
valley or on a mountain). However, their relationship still
needs further study.

1.1.2. Floods. A flood is a natural phenomenon that arises
from abnormal weather conditions, such as heavy rainfall,
melting snow, coastal storms, and the failure of control
works like dams [38]. It typically begins suddenly, grows
rapidly, and spreads widely, causing significant damage to
property and loss of life. Floods can quickly escalate into
disasters when human settlements occupy flood-prone areas
[39]. In Myanmar, floods occur mainly during the monsoon
season from June to October [18]. These floods can generally
be classified into two types: widespread floods that occur
along major rivers like Ayeyarwady, Thanlwin, Chindwin,
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Figure 2: Spatial distribution (frequency) map of a natural disaster by major categories [16].
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Figure 3: Composite simulated a significant earthquake (Richter 6.3) on 21 August 2008 (center location—red circles). (a) Hourly variation
of rainfall (mm) amount and OLR value 5 days ahead of the event and (b) spatial 5-day total rainfall (mm) with overlay fault map by types,
reverse (blue lines), right lateral (green lines), and left lateral (red lines), by Hlaing et al. [29].
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and Sittoung and flash floods that typically occur in small
streams and rivers [40].

For instance, a study by Chhin et al. investigated the spa-
tiotemporal distribution of rainfall and its impact on land-
slides in northern Myanmar between 2001 and 2017 [41].
The study found that landslides in the region were strongly
associated with intense rainfall events, particularly during
the southwest monsoon season. Another study [42] exam-
ined the effects of variable rainfall on riverbank erosion in
the Ayeyarwady River. The study found that increased rain-
fall intensity and duration during the southwest monsoon
season were the primary drivers of riverbank erosion in the
region, particularly in areas with steep slopes and low vege-
tation cover. Additionally, several other researchers have
looked into how rainfall affects natural disasters in northern
Myanmar, such as flash floods and debris flows [43, 44].

According to observations, the occurrence of floods that
exceed the level of risk in Myanmar’s medium- and large-
sized rivers is 6% in June, 23% in July, 49% in August, 14%
in September, and 8% in October [45]. The most severe
floods in Myanmar happened in 2004, 1974, 1997, 1976,
1991, 1973, 1988, and 1997. These years are arranged in
order of their intensities. This severe flood event on 11 July
2015 by extremely heavy rainfall is simulated in Figure 4.

The region’s rainfall phenomena and river flow are
related; therefore, it makes sense to analyze several factors
at once to acquire a total understanding. Therefore, using
observation data and predicted outputs from five GCMs
(global circulation models) from CMIP6 (Coupled Model

Intercomparison Project from Phase 6), the specific goal
of the current study is to explore changes in past and future
extremes of rainfall over the Ayeyarwady River basin. The
CMIP6 model simulates two SSP (2-4.5 and 5-8.5) scenar-
ios and assesses how much the climate has changed after
80 years [46].

In terms of projections for northern Myanmar specifi-
cally, regional model downscaling from the Weather
Research and Forecasting (WRF) model that is developed
by the Department of Meteorology and Hydrology suggests
that heavy rainfall events will become more frequent and
intense in the future [47, 48]. This can have significant
impacts on the region’s water resources, agriculture, and
infrastructure. To mitigate the impacts of heavy rainfall,
the government of Myanmar has implemented various mea-
sures, including the construction of dams and reservoirs, the
development of early warning systems, and the provision of
flood relief and recovery assistance. Following are the
remaining details of this study outline: the brief explanation
of the study region, data used, and the method of downscal-
ing GCM outputs and calculation of climate extreme indices
and intensity-duration-frequency (IDF) curves are described
in Section 2. Results are presented and discussed in Section
3, and the study’s conclusion is discussed in Section 4.

2. Data and Method

2.1. Observation Data. To investigate the significant level of
ECMWF Reanalysis v5 (ERA5) data [49] with rain gauge
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Figure 4: Composite simulated a major flood on 11 July 2015 (flood area—red box). (a) Hourly variation of rainfall (mm) amount and OLR
value 5 days ahead of the event and (b) spatial 5-day total rainfall (mm) shaded with major rivers (blue lines.
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observation data, the statistical downscale correlation test
was performed. ERA5 has high intraseasonal correlations
with 79 observation station data with 90% significant level
(Figure 5). The temporal resolution of the study is from
1981 to 2020 for climatology and 2021 to 2099 for future
projection and only focuses on major rainfall season (JJA)
(well-known as “global summer”), due to the high hazard
frequency distribution [50, 51].

2.2. Intensity-Duration-Frequency (IDF) Curves. Typically,
IDF curves are constructed to estimate return periods by
combining a series of observed rainfall data with the desired
rainfall duration’s distribution type [52–54].

Theoretical distributions including the Gumbel, log-
normal, and log-Pearson type III distributions have been
used in various applications in different parts of the science
research [54, 55]. The Gumbel, log-normal, and log-Pearson
type III distributions—commonly employed frequency anal-
ysis techniques—were used to conduct the analyses for return
periods of 2, 5, 10, 50, and 100 years [56].

All observed rainfall data must be converted into mm/
hr units because intensity-duration-frequency (IDF) curves
are created using a technique in which intensities are
measured in mm/hr and durations are measured on a
horizontal axis (Eq. (1)). Consequently, the method below
is used to calculate intensities in terms of millimeters per
hour [57, 58].

i =
R
TD

, 1

where R is the rainfall depth in mm and TD is the rainfall
duration in hours.

2.2.1. Gumbel Distribution. Gumbel [56] presented the the-
ory of extremes by considering the distribution of the largest
or the smallest values observed in repeated samples. The
Gumbel theory is the most widely used distribution for
IDF analysis due to its suitableness for modeling maximum
data. It is relatively easy and it can be used only for extreme
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Figure 5: The mean annual cycles of normalized rainfall from ERA5 and observed stations. (a) Monthly rainfall and (b) mean sea level
pressure, averaged over longitudes 92°E to 103°E and latitudes 10°N to 30°N over the period 1991-2020 [3].
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events (maximum data or peak rainfalls) [59]. The design
rainfall depth for a given period can be calculated by the fol-
lowing equation [57].

XT = XTD
+ KTSTD

, 2

where “S” show the mean and the standard deviation of dif-
ferent specified rainfall durations of TD, respectively, and KT

is the frequency factor which can be calculated from the fol-
lowing formula.

KT = −
6
π

0 5772 + ln In
T

T − 1
, 3

where T is the return period.

Table 2: Log-Pearson type III distribution.

(a)

1 hr 3 hr 6 hr 12 hr 24 hr

Mean 13.41071 11.53311 9.502405 6.586385 4.516272

St. dev. 1.313377 1.291345 1.096353 0.958661 0.779865

(b)

Frequency factor
KT return 2 years 5 years 10 years 50 years 100 years

0.116 0.857 1.183 1.663 1.806

(c)

Hour 2 years 5 years 10 years 50 years 100 years

1 13.56 14.54 14.96 15.59 15.78

3 11.68 12.64 13.06 13.68 13.87

6 9.63 10.44 10.80 11.33 11.48

12 6.70 7.41 7.72 8.18 8.32

24 4.61 5.18 5.44 5.81 5.92

The calculated KT values which are utilized in analyses, the rainfall amounts with respect to specific durations, and the return periods for log distribution.

Table 1: Gumbel distribution.

(a)

1 hr 3 hr 6 hr 12 hr 24 hr

Mean 13.41071 11.53311 9.502405 6.586385 4.516272

St. dev. 1.313377 1.291345 1.096353 0.958661 0.779865

(b)

Frequency factor
KT return 2 years 5 years 10 years 50 years 100 years

-0.164 0.719 1.305 2.592 3.137

(c)

Hour 2 years 5 years 10 years 50 years 100 years

1 13.20 14.36 15.12 16.81 17.53

3 11.32 12.46 13.22 14.88 15.58

6 9.32 10.29 10.93 12.34 12.94

12 6.43 7.28 7.84 9.07 9.59

24 4.39 5.08 5.53 6.54 6.96

The calculated KT values which are utilized in analyses, the rainfall amounts with respect to specific durations, and the return periods for log distribution.
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Table 3: Log-Pearson normal distribution.

(a)

1 hr 3 hr 6 hr 12 hr 24 hr

Mean 13.41071 11.53311 9.502405 6.586385 4.516272

St. dev. 1.313377 1.291345 1.096353 0.958661 0.779865

(b)

Frequency factor
KT return 2 years 5 years 10 years 50 years 100 years

0 0.842 1.282 2.054 2.326

(c)

Hour 2 years 5 years 10 years 50 years 100 years

1 13.41 14.52 15.09 16.11 16.47

3 11.53 12.62 13.19 14.19 14.54

6 9.50 10.43 10.91 11.75 12.05

12 6.59 7.39 7.82 8.56 8.82

24 4.52 5.17 5.52 6.12 6.33

The calculated KT values which are utilized in analyses, the rainfall amounts with respect to specific durations, and the return periods for log distribution.

Table 4: Description of 5 GCMs from CMIP6 used in this study.

Model Institution Resolution
Grid

(Lon × Lat
)

ACCESS-CM2
Commonwealth Scientific and Industrial Research Organization-Australian Research

Council Centre of Excellence for Climate System Science, Australia
1.875° × 1.250° 16 × 16

CNRM-CM6-1
Center National de Recherches Météorologiques–Center Européen de Recherche et de

Formation Avancée en Calcul Scientifique, France
1 5 × 1 5 22 × 14

EC-Earth3-
AerChem

EC-EARTH consortium, the Netherlands/Ireland 1.125° × 1.125° 43 × 29

FGOALS-g3 Chinese Academy of Sciences, China 2.00° × 2.25° 16 × 10

MRI-ESM2-0 Meteorological Research Institute, Japan 1.125° × 1.125° 27 × 18

Table 5: List of extreme precipitation indices by Expert Team on Climate Change Detection and Indices (ETCCDI) from the World Climate
Research Program (WCRP).

ID Index name Definition Units

R95p Very wet days
Annual total precipitation when daily precipitation amount on a wet day >95th

percentile
mm

RX1day
mm

Max 1-day precipitation amount Monthly maximum 1-day precipitation mm

RX5day Max 5-day precipitation amount Monthly maximum consecutive 5-day precipitation mm

R10 Number of heavy precipitation days Annual count of days when precipitation ≥ 10mm/day days

R20
Number of very heavy precipitation

days
Annual count of days when precipitation ≥ 20mm/day days
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Figure 6: Continued.
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2.2.2. Log-Pearson Type III Distribution. The log-Pearson
type III distribution model is used to determine the rainfall
intensity at different rainfall durations and return periods
for generating the historical IDF curves. The log-Pearson
type III distribution is frequently used for flood analysis. In
this distribution, the following parameters of distribution
must be calculated.

log X =
∑logX

n
, 4

where n is the number of data. Thus, magnitudes corre-
sponding to a return period can be calculated by following
the formula.

log X = log X + KTSlog X 5

The calculated KT values which are utilized in analyses,
the rainfall amounts concerning specific durations, and the
return periods for log distribution are exhibited in
Tables 1–3. The log-normal method also uses the same pro-

cedure of log-Pearson type III (i.e., logarithm values of the
statistical variables) but with normal KT (i.e., KT used by
the Gumbel method).

2.2.3. General Climate Model Simulation. The Copernicus
75 database provides publicly available global climate model
(GCM) simulations for both historical and future periods
[60]. Future projections are obtained using the emission sce-
narios “Shared Socioeconomic Pathway” 2-4.5 (SSP2-4.5)
and 5-8.5 (SSP5-8.5), which are considered by the Scenario
Model Intercomparison Project (Scenario MIP) of CMIP6
[61]. The study used an ensemble simulation from five
GCMs, selected based on their availability under r1i1p1f1
initial conditions and the quality of their performance in
simulating rainfall in the study region (Table 4 shows
detailed information for 5 models). All the models provid-
ing future simulations for the two considered emission sce-
narios (SSP2-4.5 and SSP5-8.5) were selected. The historical
period is defined as 1981-2020 since GCM simulations start
from 1850. The models are gridded to observation datasets
of 0.5° × 0.5° using bilinear interpolation by using Climate
Data Operator (CDO, version 2.0.4). The study uses the
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Figure 6: Composite climatology mean and maximum rainfall (mm) amount of (a, f) 1 hour, (b, g) 3 hours, (c, h) 6 hours, (d, i) 12 hours,
and (e, j) 24 hours during 1981-2020.

10 International Journal of Geophysics



multimodel ensemble mean (MME) of the 5 GCM outputs
(Equation (6)) for analysis, as MME is considered superior
to individual models [62]. To compare the simulation with
observed data, bilinear spatial interpolation is applied to
estimate the model prediction.

We also aggregated the hourly datasets into daily and
seasonal values using CDO. The climatology was quantified
over the Mainland Indochina continent and the Bay of Ben-
gal (BoB) by spatial and temporal averaging of the long-
term dataset from 1981 to 2020. Both the CMIP6 GCMs
and the reanalysis rainfall data (ERA5) reported the mean

geographical bias. Based on Equation (6), the GCM ensem-
ble mean (ESM) was calculated by averaging five different
GCMs.

ESM =
1
n
〠
n

i=1
GCMsi 6

To study the changes in climatic extremes, the Expert
Team on Climate Change Detection and Indices (ETCCDI)
created a core set of 27 indices [63]. The “Rclimdex”
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Figure 7: Intensity-duration-frequency (IDF) curves by different methods.
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package is used to calculate the extreme indices [64]. To
examine how the Ayeyarwady River basin’s climate
extremes have changed for this study, 5 rainfall indices were
chosen. We evaluated the climatic extremes using the
observed dataset (1981-2020) and future dataset (2021-
2100) to comprehend how extreme rainfall evolved during
the previous 30 years and to more precisely forecast how
it will change in the following 30 years. The Pearson corre-
lation and two-tailed t-test are mainly used for correlation
analysis [65].

The spatial distribution of the mean JJAS rainfall, very
wet day rainfall (R95pTOT), heavy rainfall day index per
period (r10mm), very heavy rainfall day index per period

(r20mm), maximum consecutive 1-day rainfall (RX1day),
and maximum consecutive 5-day rainfall (RX5day) is
explained in the next section. The detailed calculation
method and definitions of indices are explained in Table 5.

3. Result and Discussion

Before finding the projection of maximum rainfall amount
and intensity, climatology maximum rainfall amount by 5
periods (1, 3, 6, 12, and 24 hours) are carried out. The spa-
tial composite climatology rainfall intensity of the above 5
periods is shown in Figures 6(a)–6(e). The northern and
monsoon core regions show high intensity in each period
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(below) for (a, d) observation reanalysis during the period 1981–2020 and the multimodel ensemble mean of (b, e) SSP2-4 and (c, f)
SSP5-8 during 2020-2100.
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from 1981 to 2020. The central region shows less intensity,
which agrees with the previous studies [66, 67]. The max-
imum values for the same period are also exhibited in
Figures 6(f)–6(j). The amount of 35mm to 200mm of
rainfall is found in the same region during the study
period. It means the northern Himalaya foothill region
and MSwM core regions are the dominant areas for high
rainfall intensity during the summer monsoon season. Both
analyses agree with each other. Furthermore, we take only
three regions for further analysis: northern Myanmar, the
Eastern Himalaya foothill region, and the monsoon core
regions. Additionally, Sun et al. [55] explained the calcula-
tion process and approach that the intensity-duration-

frequency (IDF) curve is the best tool to determine the
accurate result of rainfall intensity with time. This region
is also the highest natural disaster region as mentioned in
the previous section.

Intensity-duration-frequency (IDF) curves for major
risk zones (92°E-98°E-26°N-28°N) are calculated using both
ERA5 and GCM data to characterize the variance and rela-
tionship between rainfall intensity, rainfall duration, and
return time over the study area. This hydrologic and water
resource system design frequently employs IDF curves. By
analyzing the frequency of rainfall readings, IDF curves
are produced. Additionally, Sun et al. [55] explained the
calculation process and approach, and intensity-duration-
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mean of (b, e) SSP2-4 and (c, f) SSP5-8 during 2020-2100.
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frequency (IDF) curve is the best tool to determine the accu-
rate result of rainfall intensity with time. Intensity-duration
frequency (IDF) curves, which are derived from several
analyses of observed rainfall data, show a link between rain-
fall duration, intensity, and frequency (return period). The
40 years of rainfall data, from 1981 to 2020, was used to
determine the yearly maximum rainfall depths for the par-
ticular times. The focus of this analysis is to outcome IDF
curves for the northern Myanmar region for each rainfall
period of 1 hr, 3 hr, 6 hr, 12 hr, and 24 hr. For return periods
of 2, 5, 10, 50, and 100 years, analyses using the widely used
frequency analysis techniques Gumbel, log-normal, and log-
Pearson type III distributions were carried out. For every

duration with a certain return period (years), rainfall fre-
quency (mm) can be determined. After that, the intensity
of rainfall (in mm/hr) for each return period is exhibited
as shown in Figure 7. The findings showed that as the short
duration lengthens, rainfall intensity increases. As opposed
to that, the much rainfall amount in short duration pattern
is dominant for the future. Additionally, when there is a
long return period, rainfall with a specific length has a
higher intensity.

The results of this investigation are anticipated to be
helpful to the local authorities of the region. It is possible to
estimate floods in both rural and urban basins using the
IDF curves. The IDF’s generated curves should be used to
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and the multimodel ensemble mean of (b, e) SSP2-4 and (c, f) SSP5-8 during 2020-2100.
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safely, effectively, and scientifically construct flood protection
projects. The generated IDF curves can then be used, as seen
in Figure 7.

The regional spatial distribution of the mean rainfall and
the very wet day rainfall (R95pTOT) for the ensemble mean
of two GCM scenarios and the observation data are shown
in Figure 8. According to the ERA5 reanalysis, the average
daily rainfall recorded for the years 1981 to 2020 is higher
in northern Myanmar (above 25mm) than in the monsoon
core region (25mm) and remainder of the area (below
10mm) (Figure 8(a)). The eastern edge of India and central
regions of Myanmar experienced total rainfall records at a
long-term average of 95 percentile (up to 40mm)
(Figure 8(d)). The simulations show that the summer JJAS
mean rainfall of the northern Myanmar region has changed
dramatically, while the western and southern coastal (mon-
soon core) areas of Myanmar have experienced less change
by two scenarios of the GCMs.

The maximum 1-day rainfall amount (RX1day) showed
a markedly declining trend (Figures 9(a)–9(c)) with an
annual magnitude of >100mm over northern Myanmar
and >200mm over southern coastal Myanmar. However,
the western coastal region has less change for the three sce-
nario phases. Between 50 and 200mm were the ranges for
the basin average RX1day for the 1981–2020 baseline period.
Additionally, variations between 50 and 200mm of the max-
imum 5-day rainfall show a similar trend. It shows that the
heavy rainfall events occurred in a short time for this area.

Under SSP scenarios, the expected rises and decreases have
larger magnitudes, possibly because of the higher forcing.

Overall, the future rise in the summer southwest mon-
soon’s rainfall variability across mainland Indochina is
linked to more wet days in a row and more intense down-
pours, and it could have significant effects on the region’s
water resources, agriculture, hydroelectric power produc-
tion, and social stability. However, in the extreme day anal-
ysis for the same period, there were between 10 and 100 days
with heavy rainfall (R10 days). At the 95 percent confidence
level, the number of days with heavy rain decreased by 0.5
days per year in the monsoon core region and 0.2 days per
year in the northern Myanmar region (Figure 10). Neverthe-
less, reverse patterns are clear over northern regions for
three scenarios in very heavy rainfall day (R20) analysis
and the slight change found over monsoon core regions with
a variation of 10 to 30 days for western coastal regions and 5
to 10 days for southern coastal regions. In summary, this can
be assumed that very heavy rainfall intensity in short dura-
tion is more strong and dominant in future climate change.

3.1. Future Changes

3.1.1. Evaluation of Simulated Mean and Extreme Rainfall.
Before the projection of the future climate change impact
on MSwM rainfall variability by the GCMs, we performed
the correlation test of the models’ data and observation data.
To assess how well the observed and GCM simulations
agreed, the climatological rainfall patterns were computed.
We averaged the daily values at each grid point to obtain
the spatial climatological mean into yearly and seasonal cat-
egories. Figure 11 and Table 6 explain the seasonal correla-
tion significant values of mean daily rainfall (mm/day) of
observation, MME, and CMIP6 models. The high positive
correlation between observation data and GCMs is found
at a 99% confidence level by the Pearson correlation test.
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Figure 11: Climatology of historical (1981-2014) mean daily rainfall (mm/day) of Ens-Model (MME) and CMIP6 models against
observation data (a) with their correlation heatmap (b).

Table 6: The seasonal correlation significant values of mean daily
rainfall (mm/day) of MME and CMIP6 models against
observation data.

Access CRN Earth FGoal MRI Ens-MME

OBS 0.56∗∗ 0.78∗∗ 0.75∗∗ 0.46∗∗ 0.85∗∗ 0.87∗∗

∗∗Correlation is significant at the 99% (0.001) level (2-tailed).
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3.1.2. Changes in Average Rainfall. The future projections
(2021-2099) of annual extreme rainfall for two different sce-
narios (SSP2-4.5 and SSP5-8.5) were compared with the
MME simulation of the historical period (1981-2020) by
time series simulation in Figure 12. Future annual rainfall
shows the significant increase for the SSP5-8.5 scenario with
the slight increase for the SSP2-4.5 for both regions. To
inspect the temporal progress of changes, the annual cycle
of rainfall is considered and the future period is divided into
near future (2021-2060) and long future (2061-2099) related
to the present-day simulation (1981-2020). While the fluctu-
ation of the first decades was close to stationary variability
concerning the historical period, the long future has a high
fluctuation range, especially for SSP5-8.5. This analysis out-
come agrees with the suggestion of previous climate change
studies and report by IPCC [68, 69].

4. Summary and Discussion

Based on the potential influence of climate change on daily
rainfall patterns, the study explores the characteristics and

variability of monsoon rainfall in Myanmar, with a discus-
sion of the relationship between heavy rainfall, floods, and
earthquakes in Myanmar, which influence agriculture,
hydrology, and the environment. Myanmar’s rice cultiva-
tion relies on monsoon rainfall, ensuring irrigation
resources and maintaining water levels in the Ayeyarwady
River basin. However, heavy rainfall can cause flooding,
economic losses, and water table changes. The two scenar-
ios of CMIP6 models predict increased intensity and fre-
quency of heavy rainfall events, impacting water resources,
agriculture, and infrastructure. Based on the above prelimi-
nary analysis, the following major results are out of this
study.

(1) The GCM simulations for both historical and future
projections of two emission scenarios SSP 2-4.5 and
5-8.5 explain that northern Myanmar, the eastern
Himalaya foothill region, and MSwM core regions
are the dominant areas for high rainfall intensity
area rather than the others during the summer mon-
soon season
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Figure 12: Annual rainfall time series for both historical period simulation and future projections (mm/year). Historical (green),
climatology mean (black), and future MME simulations for SSP2-4.5 (orange) and SSP5-8.5 (red). And dotted line shows the linear trend
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(2) Further analysis examines climatology, and rainfall
intensity for five periods (1, 3, 6, 12, and 24 hours)
results that high intensity has been found over the
northern region and monsoon core regions with
the maximum values ranging from 35mm to
200mm, while the central region shows less intensity
during summer moons

(3) Intensity-duration-frequency (IDF) curves explain
that as high rainfall intensity in short duration
lengthens, future rainfall patterns increase in all
three return years time over major risk zones

(4) The spatial rainfall distribution of average rainfall
and very wet day rainfall for two climate change sce-
narios by the observation data shows a significant
change in rainfall in northern Myanmar and less
change in the monsoon core regions from 1981 to
2020. This exceed in extreme rainfall variability is
linked to more wet days and intense downpours,
potentially impacting water resources, hydroelectric
power production, agriculture, and social stability

(5) The maximum 1-day rainfall in northern and south-
ern Myanmar shows a declining trend, with annual
magnitudes of around 150mm and 100mm, respec-
tively. With the range of 50 and 300mm, the maxi-
mum 5-day rainfall shows a reversed trend over the
northern region

In conclusion, Myanmar faces frequent natural disasters
like floods, which are triggered by climate change. The study
also agrees and predicts that more frequent and intense
heavy rain makes extreme weather occurrences with increas-
ing time. According to projections, severe rainfall events
would increase in frequency and intensity in northern
Myanmar. This can have significant impacts on water
resources, agriculture, and infrastructure of the study area.
Moreover, Myanmar needs to continue studying and moni-
toring rainfall patterns, develop effective adaptation strate-
gies, and strengthen disaster preparedness to mitigate the
impacts of heavy rainfall and ensure sustainable develop-
ment in the face of climate change. Further research is still
needed to understand these changes and their potential
impacts on the region’s natural disasters.

Data Availability

Reanalysis rainfall and model running data for this study
were downloaded from the ECMWF data portal. And this
is a fifth-generation ECMWF reanalysis dataset with a geo-
graphical resolution of 0.25° × 0.25° for global climate
parameters over the previous decades that are used to sup-
port the findings of this study and are included within the
article. Data is now freely available from 1950 to the present
by registration at ECMWF (https://cds.climate.copernicus
.eu/cdsapp#!/dataset/reanalysis-era5-single-levels-monthly-
means?tab=form). The actual monthly rainfall observation
data from 79 observation stations used to support the find-
ings of this study was provided under permission by Myan-

mar's Department of Meteorology and Hydrology (DMH)
and hence cannot be freely distributed. Requests for access
to these data should be made to the Director-General of
DMH, Myanmar. Software (https://www.moezala.gov.mm/)
and code availability (Open Grads (OpenGrADS - Home)),
climate data operator (https://code.mpimet.mpg.de/), python,
and IBM SPSS are mainly used for this study. Among these
first two are open-source applications for everyone. Codes
are available upon reasonable request.
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