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Abstract. In late November 2025, Tropical Cyclone (TC) Senyar brought intense flooding to northern Sumatra, Indonesia.
The worst effects were experienced by Aceh Province, with the extensive damage and loss of life that cannot be fully
quantified. A quick analysis was performed using the GPM IMERG rainfall product, the ERAS reanalysis, and surface
observation data from BMKG. Local daily rainfall >400 mm occurred on 25-26 November, primarily over northern and
eastern Aceh. The reduction in surface pressure near the equator was relatively weak. But there was enough residual low-level

moisture convergence and deep moisture transport to produce torrential rainfall and widespread flooding.

1 Introduction

Tropical cyclones (TCs) are classified as some of extreme hydrometeorological hazards in the world, due to their ability to
trigger severe rainfall and flooding. Those impacts generally extends well beyond the near-core region of the storm itself
(Young and Hsiang, 2024; Sparks and Toumi, 2024). A recent study found that human-induced climate change has amplified
rainfall from TCs. This intensification is mostly driven by increased water vapor in the atmosphere and precipitation efficiency
(Wu et al., 2024). As a consequence, the impacts of precipitation associated with TCs flooding have increased exponentially,
even in regions that do not show significant increases in cyclone intensity as measured by maximum surface wind speeds

(Chen et al., 2025).
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Southeast Asia is one of the region’s most vulnerable to TCs—related flooding. This susceptibility is a result of the interplay
between warm tropical seas, irregular coastlines, high mountainous terrain, and dense populations (Gnann et al., 2025; Noor
and Abdul Maulud, 2022). The interaction of tropical disturbances and mountains, particularly through orographic lifting and
organized mesoscale convection, can greatly increase cloudiness. This often results in extreme precipitation total recorded
over relative short time intervals (Houze Jr., 2012). However, relatively few studies have examined TC-induced flood hazards
in equatorial Southeast Asia. This lack of research is driven by the classical assumption that TC genesis should be inhibited
around the equator. This is due to the small Coriolis parameter, which permits only weak angular momentum exchange (Turton,
2025). Furthermore, global models often fail to resolve these subtle circulations, frequently misidentifying them as
disorganized rain clusters rather than structured vortices (Chang et al., 2003; Li and Toumi, 2025).

At low latitudes, the weak Coriolis force limits the development of sustained cyclonic rotation, leading to the traditional
expectation that cyclonic systems weaken as they approach the equator. However, recent studies have indicated that cyclonic
eddies could survive or even reform at the low latitudes when they are forced by favorable thermodynamics and sufficient
moisture supply (Li and Toumi, 2025). Although not generally accompanied by strong surface winds, such infrequent
equatorial regeneration events can generate some persistent intense precipitation when moisture supply is unending over more
than a short period of time (Zhou et al., 2025).

TC Senyar that struck the northern region of Sumatra in late November 2025 is an example of such events. The system was
initially stationary over the Bay of Bengal basin jurisdiction of the India Meteorological Department (IMD). However, its
physical organization and cyclonic consolidation occurred near the western entrance of the Malacca Strait, within the equatorial
North Sumatra — Andaman corridor. Senyar subsequently intensified locally before affecting northern Sumatra, which includes
Aceh Province. This event is notable not only for its rare equatorial regeneration but also because its most severe impacts were
driven by extreme rainfall rather than surface winds intensification. Reports from Meteorology, Climatology and Geophysical
Agency (BMKG) observed that daily rainfall locally over 400 mm/day in November 25-26 in parts of northern and eastern
Aceh, while much of the province experienced heavy to very heavy (Kumparan, 2025).

Unlike the major floods associated with monsoon (2000) or the transition period (2020) in Banda Aceh, which were
characterized by intensive rainfall but with lower daily maxima than those observed in 2025. The 2025 floods were triggered
by the intensification of Tropical Cyclone Senyar in the Strait of Malacca. Although the cyclone's center did not make landfall
directly, this phenomenon triggered an extreme weather anomaly with recorded rainfall reaching 411-418 mm/day at several
station, it is marking a shift from a seasonal disturbance pattern to a cyclone scale. These results highlight the significance of
atmospheric physicochemical processes, that substantially influence the Earth system system-particularly the sustained large-
scale moisture transport to the area, low-level wind convergence combined with orographic enhancement along the Bukit
Barisan Mountains, in strengthening and prolonging rainfall duration (Lamers et al., 2023).

This brief communication attempts to provide a rapid hydrometeorological investigation of the Senyar—related flooding in
Aceh through combining satellite—based rainfall estimates, ground data and ERAS reanalysis. Analysis is used to document

the synoptic evolution of the system, identifying why extreme rainfall near the equator was maintained, and emphasizing the
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implications for flood risk assessment in equatorial regions where traditional cyclone intensity metrics my underestimate the
actual level of hazard. By identifying a rainfall-driven impact pathway, this paper highlights that cyclone risk management

approaches in equatorial regions need to be reviewed.

2. Data and Methods
2.1 Atmospheric reanalysis data

We analyzed the atmospheric circulation associated with TC Senyar using the European Centre for Medium-Range Weather
Forecasts (ECMWF) operational analysis ERAS reanalysis data. This information is available through the Copernicus Climate
Data Store. ERAS is available on a 0.25° grid (approximately 31 km) and provides hourly data. The dataset is based on
assimilating numerical weather models with global observations to create a coherent approach to the atmospheric condition
(Soci et al., 2024).

The main variables include mean sea level pressure (MSLP) to track the evolution of the low-pressure center development,
zonal (u) and meridional (v) wind components at 850 hPa to depict the circulation and convergence of low-level flows, and
integrated vapor transport (IVT), which is derived from the integrated water vapor fluxes in the east and north directions. The
analysis focuses on the maritime Southeast Asia region, with domains covering the South China Sea, the Strait of Malacca,
and northern Sumatra, thus allowing tracking of the system's evolution from the pre-regeneration phase to the post-regeneration
phase.

To highlight some synoptic changes, all ERAS variables were averaged daily and visualized as a series of sequential maps
over the pre-Senyar period (23—24 November 2025), the peak regeneration and impact period (25-26 November 2025), and
the post-Senyar period (27-28 November 2025). This procedure was utilized to depict the temporal evolution of pressure
structures, low-level wind convergence patterns, and water vapor transport pathways, while reducing the influence of sub-
daily variability. This approach was used to capture the temporal evolution of pressure structures, low level wind convergence
patterns, and water vapor transport pathways, while reducing the influence of sub-daily variability. This daily visualization is
particularly relevant for short-lived cyclonic systems and systems interacting strongly with land in low latitudes, where

intensification and decay can occur on daily time scales (Chang et al., 2003; Li and Toumi, 2025).

2.2 Rainfall observations and satellite estimates

The characteristics of extreme rainfall during the late November 2025 flood event were analyzed using a combination of
surface station observation data and satellite-based precipitation estimates. Daily rainfall data were obtained from the Aceh
Climatology Station—-BMKG through a network of meteorological, climatology, and rainfall stations in Aceh Province, with a
focus on representative stations in the northern and eastern regions of Aceh — the area’s most severely impacted by floods and

flash floods — as well as several comparison stations in other, relatively less affected areas. We used observation data from 170
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station, mainly rain gauges, to document daily intensities, identify maximum rainfall accumulation at a local scale, and assess
whether rainfall events exceeded the BMKG's extreme rainfall threshold (>150 mm/day). The spatial distribution of rainfall
was described descriptively through interpolation of point rainfall data using the Inverse Distance Weighting (IDW) method.

To address the spatial limitations of in situ observations, we used satellite-based Global Precipitation Measurement (GPM)
Integrated Multi-satellite Retrievals for GPM (IMERG) Late Run version 07 data, which have a spatial resolution of 0.1° and
a temporal resolution of 30 minutes. This product was selected because it incorporates additional calibration against ground-
based observations and applies a backward morphing algorithm, making it well suited for post-event analysis (Uwihirwe et
al.,2022; Li et al., 2025). The IMERG rainfall data was accumulated at a daily timescale for 25-26 November 2025, consistent
with the BMKG observation time (07:00 WIB), Furthermore, approach in a comparative—descriptive manner to determine the
spatial and temporal consistency of extreme rainfall associated with TC Senyar, without undertaking a statistically robust

quantitative assessment of satellite product performance.

2.3 Flood mapping using Sentinel-1 SAR

We mapped flood inundation using Sentinel-1 C-band Synthetic Aperture Radar (SAR) data to avoid the limitations of optical
sensors, which often fail under dense cloud cover during extreme precipitation. Sentinel-1 offers all-weather day and night
coverage at medium spatial resolution- an essential feature for fast flood response monitoring (Roth et al., 2023). We tested
the hypothesis above using Interferometric Wide (IW) mode with a VV polarization pair, given its higher sensitivity to
transitions from dry to flooded surfaces.

The analytical framework is in coherence with the radar backscatter change detection methodology as suggested by UN-
SPIDER. Areas were delineated by comparing pre- and post-event satellite images to identify strong decreases in radar
backscatter, a typical feature when specular reflection is no longer topographically normal (Un-Spider, 2014; Twele et al.,
2016). This physics-based approach exploits the specular reflection of microwaves from water bodies, resulting in lower
backscatter intensity than from non-flooded terrain.

The spatial analysis was focused on the northern and eastern parts of Aceh Province, accounting for the distribution of
extreme rainfall and surface geomorphology features of the coastal lowlands. The resulting inundation maps provide the basis
for interpreting hydrometeorological conditions, correlating inundation patterns with rainfall distribution, and examining

meteorological (synoptic-scale) atmospheric dynamics available from the ERAS reanalysis.

2.4 Analysis framework

This study provides a rapid hydrometeorological assessment of the massive flooding event associated with the generation of
TC Senyar in Aceh. We adopted a multi-level framework to link large-scale atmospheric dynamics with local rainfall. This

structure connects large-scale atmospheric circulation patterns, extreme precipitation impacts, and hydrologic responses. We
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used ERAS reanalysis data to characterize the synoptic evolution of MSLP, low-level wind convergence, and IVT during the
pre-event, peak, and post-event periods.

To overcome the limited number of ground stations, we used GPM IMERG satellite data alongside BMKG records to
analyses rainfall distribution patterns and their intensity. These two datasets complemented each other to evaluate peak phase
extremes and subsequent rainfall persistence. We used GPM IMERG data to complement spatial gaps in the interpolated
BMKG station records. This approach allowed for the capture of localized extreme precipitation that sparse field observations
would have otherwise missed.

We reviewed the antecedent wetting conditions by examining daily rainfall maps from November 24-27, 2025. This
enabled us to track how the soil became saturated leading up to the flood peak. Operationally, we defined antecedent wetting
conditions as the hydrological status after several days and hours of accumulating rainfall. Next, inundation maps derived from
Sentinel-1 SAR data were used to assess the spatial extent of flooding and establish its relationship to extreme rainfall,
persistent precipitation, and synoptic conditions. This complementary approach provides a short examination of the
relationship between atmospheric processes and flooding, in line with the objective of this Brief Communication, namely to
document rare extreme events relevant to equatorial hydro-meteorological risk assessment.

Multi-antecedent wetting is operationally defined as the initial hydrological condition resulting from multi-day rainfall
accumulation, described from the daily rainfall BMKG maps based on multi-day rainfall accumulation (07:00 to 07:00 WIB).
The assessment of the spatial extent of flood mapping, and flooding persistence, extreme rainfall, and synoptic weather, can
be done using Sentinel-1 SAR-derived inundation maps. This approach further streamlines the analysis of the relationship
between the flooding and atmospheric processes. It aligns with the Brief Communication’s objective of documenting rare

extreme events. Furthermore, this analysis is highly relevant to equatorial hydrometeorological risk assessments.

3 Results
3.1 Evolution and regeneration of TC Senyar

ERAS reanalysis (Fig. 1) shows an unusual synoptic evolution of Tropical Cyclone Senyar during 23-28 November 2025.
According to official bulletins from the India Meteorological Department (IMD, 2025), the storm was categorized as
disturbance 95B within the Bay of Bengal-Andaman Sea Sector. However, the initial closed circulation was first observed in
the western Malacca Strait south of northern Sumatra (approximately 4-5°N) and later traveled northeast into the South China
Sea. This implies that, although they are administratively classified under the Bay of Bengal jurisdiction, the physical genesis
and early organization of Senyar occurred in a narrow corridor between Sumatra and Peninsular Malaysia.

During the pre-Senyar phase (23-24 November; Fig. 1a-b), the MSLP field shows an extensive and shallow low-pressure
system over the Malacca Strait. Low-level winds at 850 hPa exhibit weak but persistent convergence along the eastern coast
of Aceh. At this stage, no well-defined closed vortex is evident; instead, the system is characterized by a disorganized

convective structure within a moist equatorial environment.
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During 25 - 26 November (Fig. 1¢-d), the system locally organized and was regionally operationally assessed as a Cyclonic
Storm (C) (Imd, 2025). Purely circulatory features of the system were neither fully symmetric nor compact, and the inner core
of the system was absent. A weak surface pressure gradient and lack of significant central pressure deepening were observed
over the land. The Aceh region, however, shows the IVT fields consistently and has well-established a moisture corridor. This
moisture flux motion was primarily sustained by low-level flow from the South China Sea into the Malacca Strait, and
interacting with the surrounding landmasses. The intensification of Senyar appears to be controlled mainly by low-level
moisture convergence. Taken together, these factors indicate that Senyar's intensification was more the result of low-level
moisture convergence as opposed to the classical dynamic strengthening that would be expected at lower latitude tropical

cyclones (Chang et al., 2003; Ramos et al., 2016).

(a) 23 Nov 2025-Pre-Senyar phase

4
100°E 105°E 110°E

100.0 187.5 275.0 362.5 450.0 537.5 625.0 712.5 800.0
Integrated Vapour Transport (kg m~1 s-1)

Figure 1. ERAS reanalysis for 23-28 November 2025 of TC Senyar in synoptic scale. Panels (a—b) represent the pre-Senyar period,
associated with weak low-level convergence over the Malacca Strait and a shallow low-pressure area. Panels (c—d) show the period
of increased moisture transport (25-26 November), when Senyar was in cyclonic storm (C) intensity but still strongly asymmetric,
with increased low-level wind convergence and high integrated water vapor extending to north Sumatra. Panels (e—f) represent the
post-Senyar weakening period (27, 28-29 November), with a decayed circulation and less moisture supply. Contours are mean sea
level pressure (MSLP; hPa), vectors 850-hPa winds, and shaded color IVT magnitude (kg m™ s'). The system intensity class (D =
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depression, DD = deep depression, C = cyclonic storm) is according to operationally assessed by the regional cyclone warning center
for maximum sustained surface wind and should not be derived directly from ERAS reanalysis data (Imd, 2025).

During 27-28 November (Fig. le—f), the system's classification was downgraded from Deep Depression (DD) to
Depression (D). With this, the levels of low-level convergence decreased, and there was a substantial reduction in the IVT
flow towards Aceh. he interaction with the Sumatran landmass, the Bukit Barisan Mountain range, and the topography of
Peninsular Malaysia appears to have restricted the potential for closed symmetric circulation. In addition, the weak Coriolis
force near the equator made it difficult for the system to consolidate into a tight vortex (Chang et al., 2003; Wang et al., 2020).
Therefore, the energy of the system was released mainly as sustained, torrential rain potential, instead of as strong winds,
which is why flooding occurred in Aceh despite the absence of damaging wind speeds (Zhong et al., 2026).

Overall, the synoptic patterns in Figure 1 reveal a critical convergence of moist airflow over Aceh rather than intense
cyclonic deepening. This process was sustained by persistent supply of water vapor which established highly conducive
conditions for extreme precipitation in Aceh (Fan et al., 2025). Additionally, Sections 3.2 and 3.3 examine the effects of
extended precipitation coupled with antecedent wetting on the distribution of the flooding and flash flooding events spatially,

as outlined in Section 3.4.

3.2 Extremely heavy rainfall and Senyar regeneration of TC Senyar

Figure 2 depicts the rainfall distribution of BMKG stations and GPM IMERG satellites estimates. During the Senyar
regeneration phase, rainfall was noted as widespread heavy to extreme throughout the Aceh Province which was the peak
intensity for the 25-26 November 2025 period. Rainfall extreme (>150 mm day ') was recorded in the northern and eastern
coast regions, especially in Bireuen, Pidie Jaya, Aceh Tamiang, Langsa, and South Aceh, while the rest recorded some regions
of Aceh Province to very heavy rainfall (50-150 mm day!) (BMKG, 2025).

The spatial pattern closely resembles the moisture corridor from the IVT analysis (see Section 3.1). It suggests that
persistent low-level moisture convergence coupled with a low translating speed of the system was critical in sustaining rainfall
accumulation over several days. Moreover, Orographic lifting along the Bukit Barisan Mountains is likely to have further
increased precipitation efficiency, particularly in areas where the moist inflow, even with greater moisture, crossed the coast
and the elevated terrain. Comparison of station records with satellite estimates show overall consistency for spatial distributions
of rainfall. However, IMERG tends to locally overestimates peak values. The coincident time span with strengthened IVT and
peak rainfall suggests that the primary driver for the hydrological impacts was moisture rather than dynamically through strong

wind intensification.
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Figure 2. Spatial distribution of daily rainfall during the peak Senyar regeneration phase (25-26 November 2025) derived from (a)
BMKG rain gauge observations and (b) GPM IMERG satellite estimates. In both datasets, the strongest rainfall is clearly
concentrated in the north and east of Aceh, with local daily accumulations exceeding 300—400 mm, whereas lower intensities are
found along portions of the western coast of Aceh.

Several meteorological stations observed daily rainfall totals of around 400 mm or even exceeding this amount. an
extremely rare 24-hour accumulation for Aceh. Northern and eastern regions received the highest amounts of rainfall consistent
with low-level moisture convergence and IVT pathways directing moisture towards northern Sumatra. Orographic lifting from
the Bukit Barisan Mountains may have also contributed to this (Marra et al., 2022 (Marra et al., 2022). The most significant
TC Senyar hazard was not the destructive cyclonic winds, but rather the rainfall which was widespread and persistent. The
rainfall which continued after the peak of November 25-26, contributed to the saturation of the soil and the antecedent wetting,
which was preconditioning the catchments for rapid runoff. As discussed in section 3.3.

Several meteorological stations observed daily rainfall totals of around 400 mm, or in some cases even exceeding this
amount. Such total rainfall amounts observed within a 24-hour period is extremely rare in the Aceh region. Such extreme
rainfall amounts in this case would be concentrated in the northern and eastern sectors and in line with the convergence zone
and Integrated Vapor Transport (IVT) that directs moisture towards the northern region of Sumatra. The Bukit Barisan

mountain range likely played a critical role in enhancing orographic precipitation by forcing moist air upward. The most
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significant TC Senyar hazard was not the destructive cyclonic winds, but rather the rainfall which was widespread and
persistent. The rainfall which continued after the peak of November 25-26, contributed to the saturation of the soil and the
antecedent wetting, which was preconditioning the catchments for rapid runoff. As discussed in section 3.3, the primary cause

of flooding and flash flooding was the prevailing hydraulic conditions.

3.3 Persistent daily rainfall and antecedent wetting

The daily rainfall maps provided by BMKG, which are based on a standard 24-hour rainfall accumulation from 07:00 to 07:00

WIB, show that moderate to heavy rainfall covered nearly all areas of Aceh from 25 to 28 November 2025 (Figure 3). Despite

daily totals on November 25 and 26 being the highest, on November 26 27 and 28, rainfall remained extensive and influenced

many of the major river basin areas which indicates a long-sustained supply of moisture to the atmosphere which was present

after the peak rainfall phase.
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Figure 3. The daily rainfall distribution according to BMKG observations (24-h accumulation, 07:00-07:00 WIB) for consecutive
episodes on 23-24 November, 24-25 November, 25-26 November, 26—27 November, and 27-28 November is shown in Fig. The time
series makes apparent the sustained nature of the rainfall before, during, and after the extreme peak on 25-26 November, including
the development of multi-day antecedent wetting conditions and indicative thresholds for primary river discharge in Aceh.

The consecutive day analysis shows that after the 26 November peak rainfall, there was a decreasing trend in rainfall
intensity, but there was still a large spatial coverage of the rainfall. This rainfall, that was sustained over multiple days,
produced a significant antecedent wetting, which in turn increased soil saturation and reduced the infiltration capacity
throughout the entire catchment areas (Tramblay et al., 2012). Under these conditions, relatively small amounts of rainfall can
produce large amounts of surface runoff and increased the river discharge in a significant way. The rainfall maps in this section
were created to show the evolving hydrological preconditioning rather than the direct spatial extent of the flooding. The
analysis of the spatial relationship of the persistent rainfall to the areas where flooding and flash flooding was observed is

further analyzed in the flood analysis of Sentinel-1 in Section 3.4.
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3.4 Spatial Distribution of Floods and Flash Flooding.

Figure 4 illustrates the Sentinel-1 SAR flooding maps from the Senyar event. Inundation from the flooding event was most
prevalent in the coastal lowlands and large river systems in the northern and eastern regions of Aceh Province. Large flood-
impacted areas were also noted in the regions of East Aceh, Aceh Tamiang, Pidie Jaya, Bireuen, Lhokseumawe, and North
Aceh, where alluvial plains are less elevated, and drainage systems are more developed. Areas with severe flooding in the
province involved East Aceh, Aceh Tamiang, Pidie Jaya, Bireuen, Lhokseumawe, and North Aceh. These areas are known for
their poor drainage but dense networks; in addition, the alluvial plains are located strategically and circumstantially low.

The pattern for the flooded regions spatially corresponded with the pattern for extreme rain events, showing parallelism
for the events spanning November 25-26, and the continued rainfall events after November 28. This correlation provides
evidence that the magnitude of flooding is a result of combining the peak rainfall and the antecedent conditions of peak
flooding. Continued rainfall events would have increased surface runoff, through the increased runoff due to soil saturation.
In contrast, the central highlands did not have the same hydrological response. Unlike the coastal regions which experienced
flooding quickly, the highlands had runoff flooding surface inundation, which is detected through imaging. This suggests that
flooding predominantly stemmed from surface runoft through the river valleys and plains to the coast. The floodwaters then
spread into the western river systems which showed more runoff than the central highlands.

Overall, flood mapping analysis shows the Senyar event generated hydrological impacts, not as a result of extreme wind
damage, but due to sustained and extreme rainfall, with topographic and pre-soil moisture preconditioning. These results
reinforce the conclusions drawn from the rainfall analysis discussed in Sections 3.2 and 3.3 and further confirm that in the

Aceh floods, moisture convergence and rainfall persistence were the most significant factors.
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Figure 4 Flood Proxy Map shows the flood inundation of Sentinel-1 SAR of the Aceh flood event on the 25 -26 November. The blue
areas in the images show the flooded areas as detected by the SAR backscatter. The Insets highlight the main affected regions: (A)
Aceh Timur, (B) Aceh Tamiang, (C) Pidie Jaya—Bireuen, and (D) Lhokseumawe-Aceh Utara. The map shows that the inundation
was concentrated in the low coastal plain areas and the river systems of northeastern part of Aceh.

4 Discussion

The TC Senyar event occurring in late November 2025 illustrates that the extreme hydrometeorological effects in the equatorial
zone do not require a significant cyclonic intensification. First synoptic assessments of ERAS data indicate that the system
developed and organized in the Malacca Strait where the low-pressure gradient, as well as asymmetric low level wind
circulations, which corresponds to the low Coriolis force in the vicinity of the equator (Chang et al., 2003; Li and Toumi,
2025). Although it was operationally classified as a cyclonic storm, Senyar was a weak storm that did not show significant
pressure deepening over Aceh nor did it create the widespread destructive surface wind that is characteristic of more developed

tropical cyclones at higher latitudes (Emanuel, 2003).

11



280

285

290

295

300

305

https://doi.org/10.5194/egusphere-2026-694
Preprint. Discussion started: 23 March 2026 EG U
sphere

(© Author(s) 2026. CC BY 4.0 License.

The effects were primarily due to the convergence of low-level moisture and sustained integrated vapor transport to
northern Sumatra. When this moisture encountered the Bukit Barisan mountains, it caused sustained orographic lifting which
resulted in significant extreme multi-day rainfall events, typical of tropical mountain rainfall. Thus, moisture convergence and
terrain-induced uplift were the dominant mechanisms, contrasting with the classical view that emphasizes the vortex as the
primary driver of rainfall (Houze Jr, 2012). Flooding was more strongly linked to cumulative rainfall than to wind damage.
The strong spatial correlation of flood events, the extreme rainfall on 25-26 November, continued rainfall over already wet
antecedent conditions, and inundation patterns observed from Sentinel-1 satellite data all indicate that rainfall accumulation
was the primary cause of flooding. Other studies have noted the importance of long duration, high intensity, and repeated
rainfall as a primary cause of tropical flooding, with continuous high intensity rainfall as the most important factor (Sharma et
al., 2018).

In addition to the effects of the atmosphere, the conditions of the surface of the land likely acted to amplify the hydrological
response. The conversion of upstream forests to monoculture plantation forests reduces the capacity of the land surface to
absorb water, increases the amount of surface water runoff, and floods the land downstream (Asmara and Randhir, 2024). This
study was qualitative in nature and the landscape vulnerability was not quantified and may explain the extreme flooding that
resulted from the Senyar event. As a result of the Senyar event it was demonstrated that in the equatorial environment, systems
with weak cyclonic organization can still produce catastrophic flooding when sustained moisture coupled with the complex

topography and catchment areas that have been preconditioned to flooding.

5 Conclusions

This study shows that even for a relatively weak tropical cyclone with an equatorial genesis, significant flooding can occur if
extreme peak rainfall develops with multiple days of pre-flood precipitation and antecedent soil moisture saturation. For TC
Senyar, impacts on hydrometeorology in Aceh were due more to sustained low-level moisture convergence and enhanced
transport as opposed to some strong or deep barreling with destructive surface wind. This research indicates that a tropical
flood early warning system for regions with complex terrain like Aceh should not be reliant on cyclone strikes or even coupled
cyclone-modulated flooding, but rather consider more of the moisture tracks of the atmosphere, rainfall persistence, and the

preconditioning of the catchment.

Data availability

BMKG station rainfall data are available upon request via BMKG (https:/www.bmkg.go.id). NASA GPM IMERG

precipitation products are freely accessible from the NASA Earth data portal (https://disc.gsfc.nasa.gov). ERAS reanalysis data

can be downloaded from the Copernicus Climate Data Store (https://cds.climate.copernicus.eu). All Python scripts for data
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processing, rainfall accumulation, and figure generation, along with sample data subsets, are deposited in Zenodo and openly

available at: https://doi.org/10.5281/zenodo.12345678.
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