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Abstract 
 

One important aspect of tropical climates is the diurnal precipitation cycle, which is 

strongly modulated by seasonal dynamics and atmospheric processes. This study 

investigates the diurnal variation of precipitation over the Mentawai Islands, a small-

island region off western Sumatra that is highly exposed to heavy rainfall and 

hydrometeorological hazards. Hourly precipitation accumulation (PA), frequency 

(PF), and intensity (PI) were analyzed using IMERG V07 and GSMaP V08 satellite 

datasets for the wet season (November–March; NDJFM) and dry season (May–

September; MJJAS) during the period 2000–2022. In addition, ERA5 reanalysis was 

employed to examine the associated vertical velocity, relative humidity, and surface 

wind convergence. The results show that PI is generally higher during the dry season 

(1.5–3.3 mm/h) than during the wet season (1.5–2.6 mm/h), particularly over smaller 

islands (Sipora and North Pagai) and adjacent coastal seas, whereas both PA and PF 

are greater in the wet season. Seasonal variations in vertical velocity (ω) and offshore 

low-level winds enhance nocturnal convection over the Mentawai Strait, leading to 

earlier diurnal peaks of PA and PI during MJJAS (23–01 LT) compared to NDJFM 

(01–03 LT) over the Mentawai Islands. In contrast, the large-scale monsoon 

circulation regulates the seasonal pattern of PF amplitude without significantly 

altering the timing of its diurnal peak. These findings not only elucidate the complex 

diurnal mechanisms in maritime island climates but also suggest the need for localized 

rainfall monitoring and early-warning systems to support ecosystem sustainability and 

the livelihoods of Mentawai communities that depend on nature. 
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1. Introduction 

 

The Mentawai Islands, comprising the four main islands of Siberut, Sipora, 

North Pagai, and South Pagai, are located off the western coast of Sumatra, 

Indonesia. Owing to their proximity to the equator and the Indian Ocean, these 

islands are highly susceptible to hydrometeorological hazards such as 

flooding, landslides, and coastal inundation triggered by prolonged heavy 

rainfall and high tides. Such events have repeatedly damaged road 

infrastructure, disrupted transportation networks, and adversely affected 

agriculture and fisheries—the primary sources of livelihood for local 

communities (Badan Nasional Penanggulangan Bencana [BNPB], 2023; 

BNPB, 2022; Ramadhan et al., 2022). Over 150 flood events have been 

reported in recent years, closely associated with episodes of intense 

precipitation. Rainfall frequently reaches extreme levels in this region 

(Ramadhan et al., 2022; Senior et al., 2023), further increasing the 

vulnerability of local populations. The region’s proximity to the Indian Ocean, 

where high evaporation rates favor convective cloud formation (Li et al., 

2016; Maheskumar et al., 2014), combined with substantial moisture transport 

from the Indian Ocean and the western tropical Pacific (Ratna et al., 2017; 

Yamanaka et al., 2018), contributes to frequent heavy rainfall. These 

characteristics underscore the importance of improving early warning systems 

and disaster preparedness through a better understanding of precipitation 

behavior over the Mentawai Islands. 

 

As a tropical island, the Mentawai Islands exhibit a prominent temporal 

characteristic of precipitation that is strongly influenced by the diurnal cycle 

of atmospheric variation (Kikuchi & Wang, 2008). This variation manifests as 

land–sea breeze circulations driven by solar heating, which promote 

convection over land (ocean) surfaces during the day (night) (M. Chen & Yao, 

2023; Lapworth, 2005). Such mesoscale and synoptic-scale factors further 

influence the local environmental conditions over tropical islands, shaping the 

spatial and temporal patterns of diurnal precipitation variability (North, 2023; 

Wang & Sobel, 2017; Zhu et al., 2017). Therefore, understanding the 

interaction between these factors and the diurnal cycle over the Mentawai 

Islands is essential for enhancing community resilience and disaster 

preparedness. Beyond hydrometeorological hazards, the diurnal cycle of 

precipitation also plays a vital role in the daily lives of local communities who 

remain closely connected to their natural environment. Detailed knowledge of 

diurnal precipitation patterns can support agricultural planning and help local 

fishermen avoid extreme weather conditions.  
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The influence of the synoptic-scale Madden–Julian Oscillation (MJO) on the 

diurnal cycle during the rainy season (November–March; NDJFM) over the 

Mentawai Islands has been examined using long-term satellite-based 

precipitation data (Erajalita et al., 2025). Their results revealed a clear 

secondary afternoon peak and a dominant early morning peak, particularly 

over the larger islands such as Siberut. This diurnal pattern during the wet 

season was intensified by enhanced low-level convection and convergence 

associated with active MJO phases, which also modified the timing of the 

diurnal precipitation peak. However, their analysis was limited to the wet 

season and did not account for the seasonal variability that shapes the diurnal 

cycle over the Mentawai Islands.  

 

Seasonal variability associated with shifts in low-level winds strongly control 

diurnal precipitation behavior in tropical coastal regions (Aoki & Shige, 

2024). For instance, Marzuki et al. (2024) reported that monsoon effects are 

more pronounced in the southern Malacca Strait and along the southern coast 

of Sumatra, where flat terrain limits orographic influences. The Intertropical 

Convergence Zone (ITCZ) exerts a greater influence on islands north of the 

equator than monsoon circulation, resulting in smaller seasonal variations in 

diurnal timing. South of the equator, however, the Bangka and Belitung 

Islands exhibit stronger modulation during the northwest monsoon (December 

to March; DJFM), producing larger diurnal amplitudes than during the dry 

season (May to October; MJJASO) while maintaining nearly constant peak 

timing throughout the seasons. These findings suggest that in low latitude 

island environments, the monsoonal background flow can substantially affect 

the amplitude of diurnal rainfall without necessarily altering its phase in 

eastern Sumatra. 

 

The influence of seasonal variation on diurnal precipitation in western 

Sumatra has been analyzed from the perspectives of rainfall amount, 

frequency, intensity, and duration (Marzuki, et al., 2022a). It was found that 

short-duration rainfall events (<3 hours) dominate the southern region during 

December-February (DJF) and March-May (MAM) and shift northward 

during June-August (JJA) and September-October (SON), while long-

duration events (>3 hours) exhibit a weaker seasonal shift. Despite these 

spatial variations, the peak timing of precipitation amount and frequency 

remains relatively consistent from satellite data throughout the seasons. 

However, rain gauge observations indicate slightly earlier rainfall peaks 

during JJA, likely due to enhanced solar heating and atmospheric instability. 

Nevertheless, rain gauge data for the Mentawai Islands were not available in 
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that analysis. Satellite-based data were used to complement observations over 

coastal regions, with several cross-section points across Sumatra spaced at 

approximately 0.25°. Therefore, a microscale analysis of the influence of 

seasonal variation on the diurnal cycle in the Mentawai Islands is still required, 

as suggested by previous studies (Erajalita et al., 2025).  

 

 

 

2. Methodology 

 

2.1 Study Area 

 

 
 

Figure 1. Topography maps of the Mentawai Islands. CS1–CS4 in panel (b) represent 

cross-sections used to analyze precipitation propagation from Sumatra. 

Elevation data used ETOPO2 from NOAA (Smith & Sandwell, 1997) 

 

This study analyzes the seasonal modulation of diurnal precipitation over the 

Mentawai Islands, located off the western coast of Sumatra, Indonesia (Figure 

1a). The region comprises four major islands—Siberut, Sipora, North Pagai, 

and South Pagai—situated near the equator and surrounded by the Indian 

Ocean. Several of these islands, such as South Pagai and Siberut, have 

relatively extensive areas with topography reaching up to 250 m above sea 

level. The influence of each island’s topographic conditions on the 

propagation of rainfall from Sumatra is examined using four cross-sections 

(CS): CS1, which excludes the Mentawai Islands; CS2, which passes through 

North and South Pagai; CS3, which crosses Sipora Island; and CS4, which 

passes through Siberut Island (Figure 1b). 
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2.2 Data 

 

The diurnal precipitation analysis in this study was conducted using high-

resolution satellite-based precipitation products (SPPs). Two SPPs, namely 

the Integrated Multi-satellitE Retrievals for GPM (IMERG) Final Run 

Version 07B (Huffman et al., 2023) and the Global Satellite Mapping of 

Precipitation (GSMaP) Gauge Version 08 (Okamoto et al., 2004) were 

employed. Both datasets have the same spatial resolution of 0.1°, but differ in 

temporal resolution, with IMERG providing 30-minute data and GSMaP 

providing hourly data. The high spatial and temporal resolutions of these 

products make them well-suited for detailed diurnal analyses at the local scale 

(Ramadhan et al., 2023, 2024). This study utilizes long-term datasets covering 

the period from January 2000 to December 2022 (22 years).  

 

In addition to precipitation data, ERA5 reanalysis data from the European 

Centre for Medium-Range Weather Forecasts (Hersbach et al., 2020) were 

employed to analyze the background atmospheric conditions. ERA5 provides 

hourly data with a horizontal resolution of 0.25°. This study focuses on 

vertical velocity (ω) and horizontal winds at the 925 hPa level as indicators of 

low-level convergence and land–sea breeze circulations that influence the 

diurnal cycle of precipitation. 

 

2.3 Methods 

 

This study was conducted in several steps. First, a data adjustment process 

was performed. The temporal resolution and time reference of all datasets 

were standardized, with IMERG data resampled to an hourly resolution and 

timestamps converted to Western Indonesian Time (WIB; UTC+7) as local 

time (LT). Subsequently, the data were classified into two seasonal periods: 

the wet season (November–March; NDJFM) and the dry season (May–

September; MJJAS), following the peak rainfall periods over the Mentawai 

Islands and western Sumatra (As-syakur et al., 2019). April and October were 

excluded because they are transition months between the two monsoonal 

regimes, during which regional circulation and precipitation characteristics 

are relatively variable and may exhibit mixed seasonal signals. This seasonal 

classification is consistent with previous studies of rainfall and monsoonal 

variability over Indonesia and the tropics (Wang & Ding, 2008; Trenberth et 

al., 2014; Marzuki et al., 2022a; Ramadhan et al., 2026). Excluding the 

transition months allows a clearer comparison between the two dominant 

monsoonal conditions. 
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Second, precipitation events were identified from hourly IMERG and GSMaP 

data. For IMERG, a precipitation event was defined as a continuous period of 

rainfall exceeding 0.1 mm/h, while for GSMaP, the threshold was set to 0.2 

mm/h. This difference was applied because the temporal resolutions of the two 

datasets differ—IMERG provides data at 30-minute intervals, whereas 

GSMaP has a 1-hour resolution—thus, the rainfall threshold for GSMaP was 

set higher to maintain consistency in event detection. These thresholds are also 

consistent with previous studies employing the respective satellite products 

over Indonesia: 0.2 mm h⁻¹ has been applied to GSMaP data (Satyaningsih et 

al., 2023), whereas 0.1 mm h⁻¹ has been used for IMERG precipitation data 

(Ramadhan et al., 2024; Erajalita et al., 2025). A precipitation event was 

considered continuous if there was no interruption or if the break lasted no 

more than one hour. If the interruption exceeded one hour, the subsequent 

rainfall was regarded as a new event. The identified precipitation events were 

then categorized into three classes based on duration: short-duration events (< 

3 hours), moderate-duration events (3–6 hours), and long-duration events (> 6 

hours). 

 

Third, diurnal precipitation parameters were derived from the identified 

precipitation events. These parameters include Precipitation Accumulation 

(PA), Precipitation Frequency (PF), and Precipitation Intensity (PI). PA was 

calculated as the total precipitation per hour divided by the number of 

observation hours. PF was computed as the percentage of time steps where 

rainfall exceeded 0.1 mm per interval relative to the total time steps. PI was 

calculated as the ratio between PA and PF. All parameters (PA, PF, and PI) 

were computed for each hour across a 24-hour cycle (00–23 Local Time, LT). 

Detailed formulations for each parameter can be found in previous studies 

(Marzuki et al., 2021; Ramadhan et al., 2024). 

 

Fourth, the diurnal peak timing of PA, PF, and PI was determined through 

harmonic decomposition using the Fast Fourier Transform (FFT) technique. 

A two-order harmonic decomposition was applied to represent the diurnal (24-

hour) and semidiurnal (12-hour) components. The use of harmonic 

decomposition is essential for identifying the true diurnal precipitation peak 

from satellite-based data such as IMERG and GSMaP in Indonesia 

(Ramadhan et al., 2023, 2024). 

 

Fifth, the influence of seasonal variation on diurnal precipitation patterns over 

the Mentawai Islands was analyzed. After obtaining hourly PA, PF, and PI 

values and determining their peak timings for each IMERG and GSMaP grid, 
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land grids were selected based on topographic data corresponding to the 

boundaries of the Mentawai Islands. Additionally, cross-sectional analyses 

were conducted by averaging PA, PF, and PI values along the defined cross-

sections (Figure 1b). The diurnal precipitation characteristics for each cross-

section were analyzed separately for each season to identify their differences. 

Furthermore, to examine the underlying physical mechanisms, ERA5 

reanalysis data were used to analyze spatial variations in vertical velocity (ω) 

and horizontal wind components at the 925 hPa level. 

 

 

 

3. Results and Discussion 

 

3.1 Spatial Distribution of Average and Peak Timing of PA, PF, and PI 

 

Figure 2 presents the spatial distributions of the average values and peak 

timings of PA, PF, and PI during the NDJFM and MJJAS periods, based on 

IMERG data. IMERG reveals that, particularly over the land areas of the 

Mentawai Islands, the mean PA and PF values are notably higher during 

NDJFM than during MJJAS. Quantitatively, the mean PA and PF during 

NDJFM reach approximately 0.5–0.7 mm/h and 35–55%, respectively, 

whereas these values decrease to about 0.35–0.6 mm/h and 20–45% during 

MJJAS. These magnitudes are slightly lower than those reported for mainland 

Sumatra by Marzuki et al. (2022a; 2022b),  confirming that the Mentawai 

Islands experience lower mean precipitation intensity compared to the 

Sumatra mainland. Conversely, IMERG shows that the Indian Ocean and the 

Mentawai Strait exhibit the highest PI values during MJJAS (approximately 

1.8–2.3 mm/h). It suggests stronger but more localized precipitation events 

during the dry season in this region. These results align with the findings of 

Marzuki et al. (2022a; 2022b), who reported substantially lower PA and PF 

over Sumatra during the JJA compared to other seasons. 
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Figure 2. Mean distribution and peak times of diurnal variations of PA, PF, and PI 

during the rainy season (NDJFM) and summer season (MJJAS) from 

IMERG observations 

 

The GSMaP dataset corroborates these observations, similarly showing higher 

PA (0.3–0.5 mm/h) and PF (17–25%) during NDJFM, particularly over the 

Mentawai Strait and the adjacent oceanic regions (Figure 3). In marked 

contrast, PI values increase significantly during MJJAS, reaching up to 2.8 

mm/h over smaller islands such as Sipora, North Pagai, and South Pagai. This 

intensified PI during the dry season may be attributed to the influence of the 

ITCZ, which enhances local convective activity near the equatorial Indonesia 

even though the large-scale monsoonal moisture supply is relatively weak.  

 

Beyond the average PA, PF, and PI values, both IMERG and GSMaP 

consistently show pronounced diurnal rainfall peaks (Figures 2, 3). Rainfall 

peak timing predominantly occurs from early morning to dawn over the 

Mentawai Islands and from midnight to nighttime over adjacent oceans in both 

the NDJFM and MJJAS seasons. Nevertheless, the timing of peak PA, PF, and 

PI reveals a non-uniform pattern across both the straits between the Mentawai 

Islands and Sumatra, and the land areas of the Mentawai Islands, across the 

two seasons. This seasonal variation of peak timing of diurnal cycle indicates 

significant seasonal variation within the Mentawai Islands region.  
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Figure 3. Mean distribution and peak times of diurnal variations of PA, PF, and PI 

during the rainy season (NDJFM) and summer season (MJJAS) from 

GSMaP observations 

 

3.2 Diurnal PA, PF, and PI over Mentawai Mainland 

 

To provide a clearer depiction of the diurnal variability between NDJFM and 

MJJAS over the Mentawai mainland, the hourly time series of PA, PF, and PI 

are presented in Figure 4. Distinct differences between the two satellite 

precipitation products (SPPs) are evident, where GSMaP consistently exhibits 

lower PA values compared to IMERG across all islands. The lower PA values 

in GSMaP are accompanied by substantially underestimated PF values, 

particularly over Sipora and North Pagai (Figure 4f, g). This discrepancy 

arises mainly from the differing temporal resolutions of the two datasets, 

which lead to variations in rainfall event detection depending on the applied 

threshold. 

 

In addition to the overall underestimation, PF values derived from both 

datasets display different diurnal peak times and patterns across the islands. 

Conversely, GSMaP shows higher PI values than IMERG, especially over the 

smaller islands (Figure 4j–l). These findings highlight the need for further 

quantification of the accuracy of both SPPs in capturing the diurnal cycle over 

small islands, particularly through comparison with ground-based 

observations in the Mentawai Islands. 
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Figure 4. Average diurnal variations of PA (a–d), PF (e–h), and PI (i–l) for the four 

Mentawai Islands during NDJFM and MJJAS, derived from IMERG and 

GSMaP observations. The legend uses G and I to denote GSMaP and 

IMERG datasets, respectively. The lines labeled fit represent a second-order 

harmonic fitting applied to the direct PA, PF, and PI calculations for each 

dataset 

 

Although PF values from IMERG and GSMaP are not consistent, both 

datasets exhibit similar diurnal patterns in PA and PI. The PA pattern on each 

island is more strongly influenced by PI than by PF, indicating that high-

intensity rainfall events dominate the total rainfall volume over the Mentawai 

Islands. Except for Siberut, all islands show a single early-morning (00–04 

LT) peak in both PA and PI. In contrast, Siberut exhibits two PA peaks, with 

the early-morning peak occurring slightly later (04–06 LT) and an additional 

afternoon peak around 14–16 LT. The dominance of early-morning heavy 

rainfall over the Mentawai Islands is attributed to the propagation of 

convective systems from Sumatra (Erajalita et al., 2025). 

 

Seasonal variations in the magnitudes of PF and PI are clearly observed across 

the Mentawai Islands (Figure 4). PF values are consistently higher during 

NDJFM than during MJJAS, whereas PI values are generally higher during 

MJJAS. These seasonal differences in PF and PI are more evident over Sipora, 

North Pagai, and South Pagai. For these islands, PF values during NDJFM 

(MJJAS) range from 49–56% (40–49%) and 22–26% (19–21%) for IMERG 
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and GSMaP, respectively. Meanwhile, the corresponding PI magnitudes are 

1.7–1.9 mm h-1 (1.8–2.3 mm h-1) and 2.5–2.8 mm h-1 (3–3.3 mm h-1) from 

IMERG and GSMaP during NDJFM (MJJAS). In contrast, over Siberut, the 

differences in PF are larger than those in PI, with PF and PI magnitudes during 

NDJFM (MJJAS) of 43%(37%) and 2.08 mm h⁻¹ (2.1 mm h⁻¹) from IMERG, 

and 22%(18%) and 2.3 mm h⁻¹ (2.5 mm h⁻¹) from GSMaP. These results 

indicate that although nocturnal rainfall occurs more frequently during 

NDJFM, rainfall intensity tends to be stronger during MJJAS. 

 

In addition to magnitude differences, variations in the diurnal peak timing 

between seasons are also observed across the Mentawai Islands (Figure 4). 

Peak-time differences are more distinct in IMERG than in GSMaP, reflecting 

the higher reliability of half-hourly data compared to hourly data for precise 

diurnal analysis. Overall, the early-morning peaks of PA, PF, and PI during 

MJJAS occur one to two hours earlier than those during NDJFM. This 

suggests that seasonal differences influence the speed of offshore rainfall 

propagation from Sumatra toward the Indian Ocean.  

 

 
 

Figure 5. Local time–distance cross-sections of PA, PF, and PI along the CS1 and CS2 

zones of the Mentawai Islands region. Vertical broken lines at 0 km indicate 

the locations of the Sumatran coastlines. Sumatra and the Indian Ocean are 
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denoted by SU and IO, respectively, in panels d, h, l, and p. Westward 

movement is directed to the left. 

 

3.3 Seasonal Variation of Diurnal Propagation of Precipitation 

 

Figures 5 and 6 present the local time–distance cross-sections of PA, PF, and 

PI along all cross-sections indicated in Figure 1b, based on IMERG data. 

IMERG was selected for this diurnal rainfall propagation analysis due to its 

higher temporal resolution, which allows for a better representation of 

seasonal variability compared to GSMaP (Figure 4). The white contour lines 

indicate PA, PF, and PI values exceeding 0.5 mm/h, 25%, and 2 mm/h, 

respectively.  

 

 
 

Figure 6. Local time–distance cross-sections of PA, PF, and PI along the CS3 and CS4 

zones of the Mentawai Islands region. Vertical broken lines at 0 km indicate 

the locations of the Sumatran coastlines. Sumatra and the Indian Ocean are 

denoted by SU and IO, respectively, in panels d, h, l, and p. Westward 

movement is directed to the left. 
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Figure 7. Distribution of RH anomalies every 4 hours from 00 to 23 LT (top to bottom), 

obtained from ERA5 data and averaged over NDJFM (left, a-f) and MJJAS 

(right, g-l) for 2000 to 2022  

 

Over the oceanic region without islands (CS1), clear offshore propagation of 

rainfall from Sumatra can be observed in both PA and PF during NDJFM, 

while PI shows a more pronounced signal during MJJAS (Figure 5c,g). In 
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addition to CS1, higher PI values are also detected over the Mentawai Strait 

during MJJAS compared to NDJFM (Figures 5 and 6). Moreover, PI during 

MJJAS tends to persist longer than during NDJFM. This condition can be 

explained by the contrasting characteristics of vertical velocity (ω) and 

relative humidity (RH) between the two seasons (Figures 7 and 8). Negative 

ω, which indicates upward air motion, is more prevalent during 00–03 LT in 

MJJAS over the Mentawai Strait compared to NDJFM, consistent with the 

higher PI values during that season. Conversely, RH anomalies are generally 

higher during NDJFM, suggesting a more abundant water vapor source that 

supports more persistent rainfall. Thus, although local factors contribute to 

convection-related processes, large-scale meteorological patterns largely 

control the precipitation characteristics over the Mentawai Islands (Bae & 

Min, 2022; Inoue et al., 2020). 

 

In addition to amplitude differences, PA and PI propagation across all cross-

sections show slightly higher propagation speeds during MJJAS compared to 

NDJFM (Figures 5 and 6). This faster propagation during MJJAS is associated 

with prevailing offshore low-level background winds, as opposed to onshore 

winds during NDJFM (Figure 8). These findings are consistent with Aoki and 

Shige (2024), who reported that offshore propagation tends to start earlier and 

move faster under moderate to strong offshore low-level winds. 

 

However, there is no general consensus regarding the role of low-level winds 

in controlling the speed of offshore rainfall propagation (Z. Chen et al., 2025; 

Peatman et al., 2023; Zhou et al., 2022). One proposed explanation is that 

diurnal precipitation propagation under different wind regimes is driven by 

coastal gravity waves triggered by land–sea thermal contrasts (Aoki & Shige, 

2024). Stronger background winds can induce Doppler shifts and advect 

coastal gravity waves, leading to asymmetric diurnal precipitation patterns 

with differing propagation speeds between upwind and downwind sides. 

Although the diurnal cycle of coastal precipitation can be well explained by 

gravity-wave dynamics in a climatological context (long-term averages), the 

contribution of such waves to individual precipitation events remains 

uncertain. Therefore, further analyses of individual rainfall events using more 

comprehensive observational data are needed to better understand these 

processes.  
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Figure 8. Distribution of ω and 925 hPa horizontal wind anomalies every 4 hours 

from 00 to 23 LT (top to bottom), obtained from ERA5 data and averaged 

over NDJFM (left, a–f) and MJJAS (right, g–l) for 2000–2022 
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The observed seasonal variability of offshore precipitation propagation from 

western Sumatra toward the Indian Ocean through the Mentawai Islands 

underscores the importance of validating weather and climate models in 

estimating diurnal peak timing (Love et al., 2011). Although current model 

predictions still struggle with individual events, the IMERG results indicate 

that peak rainfall intensity occurs earlier during MJJAS than during NDJFM 

over the Mentawai Islands. This information could be utilized to improve early 

warning systems. During NDJFM, preparedness should emphasize 

widespread and prolonged rainfall, whereas during MJJAS, attention should 

focus on short-duration but high-intensity events that may trigger flash floods 

or coastal runoff. Implementing automated rain-gauge networks and 

integrating satellite-based nowcasting could enhance disaster risk reduction 

and agricultural planning in the insular environment of the Mentawai Islands. 

 

 

4. Conclusions and Recommendation 

 

The diurnal precipitation cycle over the Mentawai Islands exhibits opposite 

variations in amplitude and peak timing of precipitation frequency and 

intensity between November–March (NDJFM) and May–September 

(MJJAS). The amplitudes of PA and PF reach their maximum during NDJFM, 

whereas PI shows a higher amplitude during MJJAS. ERA5 relative humidity 

(RH) data indicate that the elevated PF during NDJFM is associated with an 

abundant water vapor source during this period. In contrast, vertical velocity 

(ω) and low-level wind patterns reveal stronger offshore winds and enhanced 

updrafts during MJJAS over the Mentawai Islands. In addition to higher PI 

values, the offshore propagation of rainfall from Sumatra occurs more rapidly 

during MJJAS, resulting in an earlier nocturnal rainfall peak over the 

Mentawai Islands—approximately two hours earlier than during NDJFM. 

Practically, these findings support the development of localized rainfall 

monitoring and early-warning systems, as well as adaptive water resource 

management strategies aimed at enhancing the resilience of Mentawai 

communities to hydrometeorological hazards. 

 

This study is limited to a two-season classification. Although these two 

periods are characterized by distinct large-scale circulation patterns, the 

influence of low-level background wind variability within each season should 

be further considered. Future studies are encouraged to classify days based on 

low-level wind and ω conditions in the Mentawai Strait within each season. 



Erajalita et al. / Mindanao Journal of Science and Technology Vol. 24 (Special Issue) (2026) 71-91 

 

87 

 

Analyzing diurnal rainfall patterns under such classifications would improve 

understanding of the offshore propagation mechanisms in this region. 

Furthermore, combining ground-based observations with satellite datasets is 

strongly recommended for day-to-day event analysis under the proposed 

classification scheme.      
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