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On April 6, 2026, intense rainfall (45.0 mm within one hour) coincided with ceiling failure at Gate 7,
Terminal 3, Soekarno-Hatta International Airport, reported at 13:49 WIB (06:49 UTC). This study
examines the associated weather using C-Band radar (CMAX), Himawari-9 imagery, Automatic
Weather Station (AWS) records, ERAS Low-Level Moisture Transport (LLMT), and radiosonde
soundings. A compact convective system developed over the airport during 06:04—07:00 UTC, with
radar reflectivity of 40—45 dBZ and cloud-top brightness temperatures of —62 to —69°C. AWS rainfall
began at 06:10 UTC, peaked at 18.6 mm per 10 minutes at 06:30 UTC, and reached 45.0 mm by 06:50
UTC, accompanied by a 7.6°C temperature decrease and gusts up to 11.5 m s™'. Cloud Convective
Overlays (CCO) showed convective cloud growth south of the airport during 06:20-06:50 UTC. ERAS
LLMT at 925 and 825 hPa indicated enhanced moisture transport and a strong gradient near the airport,
although its 0.25° resolution cannot resolve individual cells. The 00 UTC sounding showed weak CAPE
(109 J kg ") and moderate KI (33.5); the 12 UTC sounding was post-event. Rainfall accompanied deep
convection, but its causal role in ceiling failure remains unproven.
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infrastructure
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1. INTRODUCTION

Significant weather represents a critical external factor affecting flight safety, particularly
during the crucial phases of takeoff and landing, where extreme atmospheric conditions can trigger
operational disruptions and potentially compromise airport infrastructure (JaroSova & Janoskova, 2023).
Weather phenomena such as thunderstorms, heavy rainfall, turbulence, wind shear, and microbursts are
primary contributors to air traffic disturbances and can simultaneously exert direct pressure on terminal
ceilings and drainage systems (Sasmito et al., 2020). High rainfall intensity also reduces horizontal
visibility and can lead to water accumulation and flooding within terminal areas, further complicating
airport operational management (Kim et al., 2023; Kwasiborska et al., 2023).

Although Convective Available Potential Energy (CAPE) values may be relatively low, ectreme
rainfall can still occur in tropical regions when atmospheric moisture is high and Convective Inhibition
(CIN) is not large enough to prevent convective initiation, reflecting characteristic features of tropical
convective systems. This condition indicates that the occurrence of intense rainfall is not solely
dependent on the available convective energy, but is also strongly influenced by the vertical distribution
of atmospheric moisture and the upward mobility of air. Understanding this phenomenon is crucial in
the airport context, as high-intensity rainfall, even under low CAPE conditions, can exert significant
stress on ceilings, panels, and drainage systems, potentially resulting in structural damage and
disruptions to airport operations (Taszarek et al., 2021; Syaifullah, 2017).

Extreme weather phenomena not only affect flight operations but also pose serious risks to
airport infrastructure. Prolonged and intense precipitation can exert excessive pressure on drainage
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systems, leading to water accumulation on rooftops, pooling in terminal areas, and water ingress onto
ceiling panels and interior elements. These conditions can contribute to damage to terminal elements,
which, if not promptly addressed, can produce a cascading effect across terminal sections, compromising
passenger safety, comfort, and the continuity of airport operational activities (Liu et al., 2023; Gossling
et al,, 2023). Therefore, a comprehensive understanding of the meteorological conditions that
accompany such events, together with a separate engineering assessment of the structural response, is
essential, not only for short-term risk assessment but also for planning mitigation measures and
enhancing future building designs.

The analysis of extreme weather events at modern airports cannot rely on a single type of
observational data. Each instrument has limitations: radiosondes provide vertical atmospheric profiles
but are only available at specific intervals, AWS measure local surface rainfall, satellite imagery depicts
cloud distribution over large areas but is limited to cloud-top information, and radar provides rainfall
reflectivity data yet is affected by range limitations and obstruction. Consequently, the integration of
multi-source data is critical to thoroughly understanding atmospheric dynamics that produce extreme
rainfall, affect terminal drainage and other infrastructure (Pauley & Ingleby, 2022). This approach also
enables the identification of moisture patterns, precipitation intensity, and convective core locations
most relevant to airport impacts.

Based on prior research and the inherent limitations of observational instruments, this study
aims to characterize the meteorological conditions that coincided with the ceiling failure at Terminal 3
of Soekarno—Hatta International Airport, using multi-source observational data. The analyzed incident
occurred on April 6, 2026, when intense rainfall and convective cloud activity affected the airport, the
ceiling of the Gate 7 boarding lounge failed, and the weather also disrupted flight operations. This study
documents the weather conditions; it does not assess the structural response of the building. This case
study is especially important, as Soekarno—Hatta International Airport is one of Indonesia's busiest
airports, and structural damage in the terminal area can significantly affect safety, security, and the
smooth functioning of airport operations.

Several Indonesian case studies have combined radar, Himawari imagery, radiosonde stability
indices, and ERAS moisture transport to examine extreme rainfall (Hastuti & Mulsandi, 2017; Mulya,
2021; Saputra & Darmawan, 2025). A closely related study at Soekarno—Hatta Airport analyzed a flight-
diversion case on 28 January 2025 using radiosonde, AWS, CCO, and radar data (Adzan et al., 2025).
The present study differs from these in three respects. First, it relates the meteorological evidence to a
documented damage incident at a major airport terminal rather than to a flight-diversion or flood event,
and it adds ERAS low-level moisture transport to the combination of datasets. Second, it places the
radar, satellite, rain gauge, and reanalysis observations on a common 06:00—-07:00 UTC timeline (Table
2) instead of discussing each dataset in isolation. Third, it states explicitly what each dataset can and
cannot resolve for a compact convective cell, and lists the resulting limitations (Section 3.7)

2. METHOD

2.1 Study Area and Period

The study was conducted at Soekarno—Hatta International Airport, located at 6°07'12.4"S and
106°39'24.2"E. The investigated event was the structural damage at Terminal 3 of Soekarno—Hatta
International Airport on 6 April 2026, which coincided with significant weather conditions occurring
around the airport during the event. The analysis period covered 00:00 UTC on 6 April 2026 to 00:00
UTC on 7 April 2026. The geographical location of Soekarno—Hatta International Airport and its
surrounding areas is presented in Figure 1.

Incident description. According to media reports based on statements by the airport operator,
the ceiling of the Gate 7 boarding lounge (international departures) of Terminal 3 failed during heavy
rain on Monday, 6 April 2026, releasing a large volume of water into the waiting area; the disturbance
at this single roof point lasted about five minutes (Kompas.com, 2026a; Metro TV News, 2026). A
widely shared video report placed the event at about 13:49 WIB (06:49 UTC) (Txt Transportasi Umum,
2026); no official time of failure was published. The operator attributed the damage to rainfall of high
intensity accompanied by potential windshear (Suara.com, 2026) and stated that the rainwater discharge
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exceeded the capacity of the drainage pipes (Kompas.com, 2026b). Repair of the area was targeted for
completion on 8 April 2026. During the same period, 12 flights were diverted, 14 held, 13 made go-
arounds, and one returned to the apron (Suara.com, 2026). No engineering assessment of the failure was
available to the authors.
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Figure 1. Research Study Area: Soekarno-Hatta International Airport and Surrounding Regions

2.2 Research Data

Five datasets were used in this study, as described in Sections 2.2.1-2.2.5: (1) C-Band weather
radar, (2) Himawari-9 satellite imagery, (3) ERAS reanalysis for low-level moisture transport, (4)
Automatic Weather Station (AWS) rainfall observations, and (5) radiosonde upper-air soundings.

2.2.1 C-Band Weather Radar Data

Single-polarization C-Band weather radar data from the Class I Soekarno—Hatta Meteorological
Station were utilized to identify maximum reflectivity values using the Column Maximum (CMAX)
product, which displays the maximum reflectivity in each vertical column. Radar data were processed
using Rainbow DART software. The CMAX images shown here are operational products used as
provided; attenuation, calibration, beam blockage, and the cone of silence were not assessed in this
study. CMAX has been reported to agree with surface rainfall observations from Automatic Weather
Stations (AWS) and Automatic Rain Gauges (ARG) in previous studies (Tondang et al., 2023), but this
agreement depends on the factors listed above.

2.2.2  Himawari-9 Satellite Data

Himawari-9 satellite data consisting of Band 8 (WV, 6.2 um), Band 13 (IR1, 10.4 um), and
Band 15 (IR2, 12.4 um) were obtained in NetCDF format. These data were used to identify the spatial
distribution of cumulonimbus (Cb) clouds using the Cloud Convective Overlays (CCO) method
implemented in Python. The CCO method employs the Split Window and Dual Channel Difference
algorithms. Himawari-9 carries the same Advanced Himawari Imager design and band configuration as
Himawari-8, so the thresholds published for Himawari-8 were applied without modification; their
sensitivity was not tested (Section 3.7).

TIRl - TIRZ S ZK and TIRl - TWV S 3K (1)

ISSN: 2685- 3841 (Online) 120 2026 The Physical Society of Indonesia



J. Phys. Soc. Ind. 2(2), 118-133 (2026) Articles Nusriah and Al Syarqiyah

In Equation (1), TWV, TIR1, and TIR2 are the brightness temperatures (in K) of Band 8 (WV, 6.2 um),
Band 13 (IR1, 10.4 um), and Band 15 (IR2, 12.4 pm), respectively. A pixel is classified as Cb only when
both conditions are satisfied simultaneously (an overlay of the two conditions, i.e., logical AND). The
first condition is the split-window test and the second is the dual-channel (water vapor minus infrared)
difference test. A small IR1-IR2 difference indicates an optically thick, cold cloud top, whereas thin
cirrus gives larger differences; an [IR1-WYV difference of only a few kelvin indicates a cloud top near
the tropopause, where the water-vapor and window-channel brightness temperatures converge, as in
deep convection (Hastuti & Mulsandi, 2017; Mulya, 2021). The CCO technique is effective for detecting
convective cloud systems associated with heavy rainfall and severe weather events (Syaifullah &
Nuryanto, 2016; Hastuti & Mulsandi, 2017; Mulya, 2021).

2.2.3  ERAS Reanalysis Data for Low-Level Moisture Transport (LLMT)

ERAS hourly reanalysis data on pressure levels from the European Centre for Medium-Range
Weather Forecasts (ECMWF) were utilized at a horizontal resolution of 0.25° x 0.25° (approximately
28 km). The variables included zonal wind (u), meridional wind (v), and specific humidity (q) at the 925
hPa and 825 hPa levels. The data were processed using the Grid Analysis and Display System (GrADS)
to generate hourly Low-Level Moisture Transport (LLMT) maps, computed as the magnitude of the
horizontal moisture flux, LLMT = g-V(u? + v?), in g kg' m s'. ERA5 provides a globally consistent
atmospheric reanalysis dataset with high temporal and spatial resolution and has been widely applied in
meteorological and climatological studies (Hersbach et al., 2020). LLMT represents the transport of
atmospheric moisture within the lower troposphere and is used as an indicator of the low-level moisture
environment favorable to convective development (Saputra & Darmawan, 2025). Because of its
resolution, ERAS5 describes the mesoscale moisture environment and cannot resolve individual
convective cells a few kilometers across.

2.2.4  Automatic Weather Station (AWS) Data

Rainfall observations were obtained from the AWS Digi Stamet Cengkareng (station ID
STAS5082; 6.125° S, 106.658° E), operated by the Soekarno—Hatta Class I Meteorological Station and
located about 0.6 km from the study-area reference point defined in Section 2.1. The station reports at
10-minute intervals. Rainfall is reported as the cumulative amount since 00:00 UTC, reset daily; the
smallest increment in the record is 0.2 mm, taken here as the gauge resolution. The rainfall flag field is
empty for all records in the file used. Ten-minute amounts were obtained by differencing successive
cumulative values, and 60-minute accumulations as the running sum of six consecutive 10-minute
amounts. Timestamps are taken to mark the end of each 10-minute interval. Rain gauges can under-
catch at high rainfall intensities, so the values reported here may slightly underestimate the actual
rainfall.

2.2.5 Upper-Air Observation (Radiosonde) Data

Radiosonde observations from the Class I Soekarno—Hatta Meteorological Station were
processed using Rawinsonde Observation (RAOB) software to produce upper-air sounding profiles.
These data were used to evaluate atmospheric stability indices, vertical wind profiles, and
thermodynamic conditions associated with significant weather during the event. Radiosonde
observations provide detailed vertical information on atmospheric structure and remain the primary
source for atmospheric sounding and severe weather analysis (Syaifullah, 2017).

2.3 Data Analysis
2.3.1 Radar Reflectivity Analysis (CMAX)

C-Band radar data were processed using Rainbow DART to generate CMAX products and
identify maximum reflectivity values during periods of very heavy rainfall on 6 April 2026. The use of
CMAX enables the representation of maximum reflectivity throughout the atmospheric column and has
been compared with surface rainfall in previous studies (Tondang et al., 2023).
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2.3.2  Cumulonimbus Cloud Distribution Analysis (CCO)

Multi-channel Himawari-9 imagery (Bands 8, 13, and 15) was processed using Python and the
Cloud Convective Overlays (CCO) method to examine the spatial and temporal distribution of
cumulonimbus clouds over Soekarno—Hatta Airport and surrounding areas during the event (Syaifullah
& Nuryanto, 2016; Hastuti & Mulsandi, 2017; Mulya, 2021).

2.3.3 Low-Level Moisture Transport (LLMT) Analysis

ERAS data were processed using GrADS to generate hourly LLMT maps at the 925 hPa and
825 hPa levels for 06:00 and 07:00 UTC on 6 April 2026. Enhanced LLMT values indicate stronger
moisture transport and a moister low-level environment that supplies water vapor for convective
development and precipitation formation; convergence of this flux was not computed in this study
(Saputra & Darmawan, 2025).

2.3.4 Rainfall Analysis (AWS)

AWS rainfall observations were processed using Python to derive 10-minute rainfall amounts
(by differencing the cumulative values) and a 60-minute running accumulation throughout the study
period. The resulting rainfall characteristics were used to assess precipitation intensity and temporal
variability during the event (Sokol et al., 2021).

2.3.5 Atmospheric Stability Analysis (Radiosonde)

Radiosonde data were processed using RAOB software and interpreted using atmospheric
stability indices, including CAPE, CIN, K Index (KI), Showalter Index (SI), and SWEAT Index,
following the classification criteria presented in Table 1 (Fibriantika & Mayangwulan, 2020;
Kusumawardani & Azani, 2022; Syaifullah, 2017). RAOB reports CIN as a negative value, so the CIN
thresholds in Table 1 are applied to its magnitude (for example, —128 J kg™ corresponds to a magnitude
of 128 J kg™'). The thresholds are empirical classes used in Indonesian operational and research studies
rather than universal physical limits, and are used here only to describe the soundings qualitatively.
SWEAT is available only for the 00 UTC sounding and is therefore not used to compare the two
soundings.

Table 1 Classification of Atmospheric Stability Indices

Stability Index Weak Moderate Strong
CAPE (J kg™) <1000 1000-2500 > 2500
CIN (Jkg™) <50 51-199 >200
K Index (KI) <29 29-37 >37
Showalter Index (SI) >4 4to—4 <-4
SWEAT Index <135 135-239 >239

Source: (Fibriantika & Mayangwulan, 2020; Kusumawardani & Azani, 2022; Syaifullah, 2017).

3. RESULTS AND DISCUSSION

3.1 Radar Reflectivity Analysis (CMAX)

Figure 2 presents the temporal sequence of C-Band weather radar CMAX (Column Maximum)
reflectivity products from the Soekarno-Hatta Class I Meteorological Station, recorded at 06:04, 06:20,
06:36, and 07:00 UTC on April 6, 2026. The CMAX product displays the maximum reflectivity value
throughout the entire atmospheric column at each grid point, showing the spatial distribution and relative
intensity of radar echoes across the radar coverage area (Tondang et al., 2023).

At06:04 UTC, a compact convective cell was identified directly over the airport, with maximum
reflectivity reaching approximately 42 dBZ, indicating a moderate-to-strong radar echo (the relation
between reflectivity and surface rainfall depends on the drop-size distribution and the radar sampling
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height, so the echo is not converted into a rainfall intensity here). The convective core was surrounded
by a broader area of lower reflectivity, suggesting active convective development over the airport
vicinity. By 06:20 UTC, the cell intensified slightly, with maximum reflectivity increasing to 45 dBZ
and the moderate reflectivity region expanding laterally. This evolution was consistent with the
occurrence of heavy surface rainfall, with the AWS recording 9.0 mm in the 10-minute interval at 06:20
UTC and a 45.0 mm event total by 06:50 UTC (Section 3.4). At 06:36 UTC, the convective core
weakened marginally, with maximum reflectivity decreasing to 40 dBZ, while the surrounding
precipitation area spread toward the Java Sea coast, indicating a transition from the mature stage toward
the dissipation phase. By 07:00 UTC, reflectivity increased again to approximately 44 dBZ,
accompanied by the development of two distinct convective cells to the northwest and west of the
airport. This pattern suggests multicellular convective redevelopment, although the cause of this
redevelopment cannot be determined from the data analyzed here.

Reflectivity
(dBZ)
90.0

70.8
53.9
37.0
20.6
3.8
-13.1

—30.0

Figure 2. Evolution of CMAX Radar Reflectivity over CGK Airport: (a) 06:04, (b) 06:20, (c) 06:36, and (d)
07:00 UTC on April 06, 2026

These findings are consistent with the convective evolution described by Paski et al. (2020),
although the maximum reflectivity observed in this study (40—-45 dBZ) was lower than the 60—-65 dBZ
reported within intense cumulonimbus cores. Possible reasons are attenuation at C-band in heavy rain,
beam geometry, calibration, and sampling close to the radar site (cone of silence), none of which was
assessed here. The four images (06:04, 06:20, 06:36, and 07:00 UTC) are also unevenly spaced and do
not sample the 06:20-06:40 UTC window in which the AWS recorded its maximum rainfall, so the
maxima shown may underestimate the peak. Converting reflectivity with the Marshall-Palmer relation
(Z = 200R"1.6) gives about 12 mm h™' at 40 dBZ and 24 mm h! at 45 dBZ, which is about half of the
60-minute AWS amount (45.0 mm) and about one fifth of the peak 10-minute AWS rate (about 112 mm
h™). CMAX is therefore used in this study only qualitatively, as an indicator of the timing and evolution
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of the convective cell, and not as a quantitative estimate of rainfall intensity; no radar—gauge comparison
was performed.

3.2 Himawari-9 Band 13 (IR1) Brightness Temperature Distribution

Figure 3 presents the temporal evolution of Himawari-9 Band 13 (IR1, 10.4 um) brightness
temperature (BT) over Soekarno-Hatta International Airport and surrounding areas from 05:40 to 07:00
UTC on April 6, 2026. In the color scale, dark blue to black indicates warm surfaces or low clouds (BT
of about +14 to +60°C), green to olive indicates BT of about —13 to —41°C, orange indicates about —48
to —62°C, and peach to pink indicates very cold cloud tops (about —62 to —80°C), indicative of deep
convective cloud systems. The airport is located at about 6.12°S, 106.66°E.

05:40 UTC 05:50 UTC 06:00 UTC

-28

-34

—41

Brightness Temperature (°C)

—a8

-56

—62

-69

Figure 3. Himawari-9 Band 13 (IR1) Brightness Temperature Distribution over Soekarno-Hatta International
Airport. The airport is located at about 6.12°S, 106.66°E. BT in °C. The red boxes mark the airport location. All
panels show the same domain; the coastline is shown for geographic reference.

At 05:40 UTC, a broad shield of cold cloud tops (orange to peach, BT of about —48 to —69°C)
was already present in the north-northeast of the domain, consistent with organized convection over the
Java Sea, and it persisted through 07:00 UTC. The land area around and south of the airport was largely
warm (blue to black, BT above 0°C) from 05:40 to 06:00 UTC, with only scattered green patches (BT
of about —13 to —34°C), indicating no deep convection there yet. At 06:10 UTC, a small compact cluster
with orange colors (BT of about —48 to —56°C) appeared over land south of the coastline. From 06:20
to 06:30 UTC, this cluster intensified, with BT of about —56 to —62°C, corresponding to the period of
most intense precipitation in the AWS record and to the radar maximum in the CMAX product (Figure
2). By 06:40 UTC, its core reached about —62 to —69°C (peach) and covered a larger area, consistent
with the maturation and lateral expansion of the cumulonimbus anvil, and at 06:50 and 07:00 UTC it
remained large with some expansion and peripheral changes. The observed BT evolution is consistent
with Nisa et al. (2022), who reported cumulonimbus cloud top temperatures reaching -67 to -78°C
during peak convective phases over Kalimantan.
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3.3 Cloud Convective Overlays (CCO) Detection

The CCO detection analysis using Himawari-9 multi-channel data (Bands 8, 13, and 15) is
presented in Figure 4, showing the spatial distribution of convective (Cb, red) and non-convective (Non-
Cb, light blue) cloud objects over Jakarta and surrounding areas from 06:10 to 07:00 UTC on April 6,
2026. The CCO method employs the Split Window and Dual Channel Difference algorithms, applying
the two conditions of Equation (1) for Cb cloud identification (Hastuti & Mulsandi, 2017; Mulya, 2021).

B Convective Cloud (Cb) [ Mon-Convective Cloud {Non-Ch}

06:10 UTC 06:20 UTC 06:30 UTC

L
" - -2
06:40 UTC 6:50 UTC 07:00 UTC

.

Figure 4. Cloud Convective Overlays (CCO) Detection of Convective (Cb) and Non-Convective (Non-Cb)
Cloud Objects over Soekarno-Hatta International Airport and Surrounding Areas, 06:10-07:00 UTC on April 6,
2026. The airport is located at about 6.12°S, 106.66°E (red boxes). All panels show the same domain; the
coastline is shown for geographic reference.

At 06:10 UTC, Cb cloud objects were predominantly detected in the northern corner of the
domain, consistent with the existing organized convection over the Java Sea identified in the BT analysis
(Figure 3). Only minor isolated Cb pixels were detected within the land domain south of the airport at
this time. By 06:20 UTC, a small but distinct Cb cluster appeared in the southern portion of the land
domain, marking the initiation of convective cloud development directly south of the airport. This cluster
grew notably at 06:30 UTC, expanding in spatial extent and intensity, consistent with the rapid
deepening of the convective core identified in both the BT analysis (Figure 3) and the CMAX product
(Figure 2). The most significant development was observed from 06:40 to 06:50 UTC, where the Cb
cluster reached its largest and most cohesive extent, with a compact, rounded Cb object reflecting the
presence of a mature convective core. At 07:00 UTC, the Cb cluster remained large but showed
structural modification at the periphery, consistent with the multicellular convective redevelopment
observed in the radar analysis (Figure 2).

The CCO cluster first appears south of the airport at 06:20 UTC, whereas the radar shows a 42
dBZ cell directly over the airport already at 06:04 UTC, and the largest Cb object (06:40—06:50 UTC)
occurs while radar reflectivity is decreasing (40 dBZ at 06:36 UTC). Several factors can explain this
offset in space and time without implying that the datasets disagree. First, parallax: at the airport location
Himawari-9 views the surface at a zenith angle of about 40°, so a cloud top at 14—16 km is displaced by
roughly 12 km away from the sub-satellite point (toward the west-southwest) relative to its true position;
parallax was not corrected here, so the cluster south of the airport in Figs. 3 and 4 may lie closer to the
airport than it appears. Second, the nominal image time is the start of the 10-minute full-disk scan, and
the Indonesian sector is scanned several minutes later, so the actual observation time can differ from the
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nominal time. Third, cloud-top cooling lags the onset of precipitation, and the anvil persists after radar
reflectivity peaks, so the largest CCO object need not coincide with the radar maximum. The agreement
among Figs. 2—4 should therefore be read as qualitative consistency of the 06:00—07:00 UTC convective
evolution, not as a point-to-point match.

These findings align with Hastuti and Mulsandi (2017), who demonstrated that the CCO method
effectively identifies cumulonimbus clouds associated with extreme rainfall events over Indonesia.
Syaifullah and Nuryanto (2016) similarly validated the capability of this technique to detect convective
cloud systems producing heavy rainfall in the Indonesian Maritime Continent. The temporal evolution
of CCO-detected Cb objects in this study is in qualitative agreement with both the BT distribution
(Figure3) and the CMAX radar reflectivity analysis (Figure 2), providing qualitative multi-source
evidence consistent with a convective cloud system as the source of the heavy rainfall at Soekarno-Hatta
International Airport.

3.4 Rainfall Analysis (AWS)

Figure 5 shows the rainfall recorded at the AWS Digi Stamet Cengkareng (Section 2.2.4) on 6
April 2026 as 10-minute amounts (bars) and as a 60-minute running accumulation (line). The record
shows a highly concentrated precipitation event: the first rainfall (0.6 mm) was recorded in the interval
ending at 06:10 UTC and was essentially over by 06:50 UTC, after which only 0.2 mm was recorded
(at 07:20 UTC).

50+ === 60-min running accumulation
I 10-min amount

40 1

30 1
Max 10-min: 18.6 mm

Rainfall (mm)

104

05:30 06:00 06:30 07:00 07:30 08:00 08:30

Time (UTC), 6 April 2026

Figure 5. Rainfall at AWS Digi Stamet Cengkareng on April 6, 2026: 10-minute amounts (bars) and 60-minute
running accumulation (line)

The 10-minute amounts increased from 0.6 mm at 06:10 UTC to 9.0 mm at 06:20, 18.6 mm at
06:30, and 13.4 mm at 06:40, then fell to 3.4 mm at 06:50 UTC. The maximum 10-minute amount of
18.6 mm is equivalent to an intensity of about 112 mm h’. The 60-minute running accumulation reached
its maximum of 45.0 mm by 06:50 UTC, so the whole event total fell within about 40 minutes; the daily
total for 6 April was 45.2 mm. Because the 60-minute value is a running sum, it peaks after the time of
maximum intensity; the period of maximum rainfall intensity is therefore 06:20-06:40 UTC, which
coincides with the radar maximum (06:20 UTC) and with the cloud top cooling toward its coldest class
(about —62 to —69°C at 06:40 UTC), whereas the largest CCO cluster (06:40—06:50 UTC) coincides
with the decay of rainfall at the station (Table 2). With 45.0 mm in 60 minutes, the event exceeds the 20
mm h! threshold that BMKG uses for heavy rainfall (BMKG, 2010) by more than a factor of two. The
daily total (45.2 mm), however, is below the BMKG daily criterion for heavy rain (50 mm per day) and
far below the extreme category (> 150 mm per day); the term “extreme rainfall” is therefore used in this
paper in a descriptive sense for the unusual short-duration intensity, not as a formal BMKG category. A
climatological assessment of how unusual this intensity is at Soekarno—Hatta (for example, a return
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period) was not possible with the AWS data available here and should be addressed in future work. The
onset of the AWS signal is in qualitative agreement with the radar (Figure 2) and Himawari-9 (Figure
3) evolution, although the datasets differ in sampling interval and were not co-located. Rain gauges can
under-catch at high intensities, so these amounts may be slightly underestimated.

The AWS surface variables also show a convective signature. Between 05:40 and 06:40 UTC
the air temperature fell from 31.9°C to 24.3°C, relative humidity rose from about 62% to 89%, and the
station pressure rose transiently by about 1.1 hPa at 06:20 UTC. The 10-minute mean wind speed
increased from 1-2 m s before 06:00 UTC to 5.9 m s™! at 06:20 and 7.7 m s7! at 06:40 UTC, with
maximum gusts of 8.8 m s™ at 06:20 and 11.5 m s™* (about 22 kt) at 06:40 UTC, and the wind direction
varied between 194° and 329° during 06:20—06:40 UTC. This combination is consistent with a
convective downdraft and cold-pool outflow. The recorded gusts are moderate, so wind loading at the
station does not appear extreme; however, a single station cannot exclude stronger local gusts, and the
potential windshear mentioned by the airport operator could not be evaluated here because no Doppler
wind or low-level windshear data were analyzed.

The temporal pattern of precipitation, characterized by a rapid onset, a sharp and narrow peak,
and an abrupt cessation, is highly characteristic of convective rainfall produced by an isolated or quasi-
stationary cumulonimbus system. This pattern is consistent with findings reported by Lubis et al. (2022)
in their analysis of record-breaking precipitation in Jakarta in January 2020, which highlighted the role
of organized mesoscale convective systems in producing extreme short-duration rainfall events over the
Jakarta region. Furthermore, Lubis and Respati (2021) noted that extreme rainfall events over Java are
frequently characterized by short-duration high-intensity pulses driven by synoptic-scale moisture flux
convergence and equatorial wave activity. A rainfall total of 45.0 mm in approximately one hour
represents a substantial hydrological input to drainage systems; whether it exceeded their design
capacity, or contributed to the failure, cannot be determined without drainage and engineering data. The
reported failure time (about 06:49 UTC, Section 2.1) falls at the end of the 40-minute rainfall burst,
when 41.6 mm had accumulated at the AWS by 06:40 UTC and 45.0 mm by 06:50 UTC, which is
consistent with the operator’s statement that the water discharge exceeded the capacity of the drainage
pipes (Kompas.com, 2026b). Because AWS timestamps mark the end of each 10-minute interval, the
failure at about 06:49 UTC fell within the interval ending at 06:50 UTC (3.4 mm), about 20 minutes
after the interval of peak rainfall (ending at 06:30 UTC). However, the failure time is taken from a
social-media report, no official failure time or engineering assessment was available to the authors, and
the structural response was not analyzed. The rainfall is therefore treated as a coinciding and plausible
contributing condition, not as a demonstrated cause.

3.5 Low-Level Moisture Transport (LLMT) Analysis

The Low-Level Moisture Transport (LLMT) derived from ERAS5 reanalysis data at 925 hPa and
825 hPa pressure levels is presented in Figure 6, showing conditions at 06:00 and 07:00 UTC on April
6,2026. LLMT quantifies the horizontal transport of atmospheric moisture in the lower troposphere and
serves as an indicator of the low-level moisture supply available for convective development (Saputra
& Darmawan, 2025). Note that LLMT is a moisture flux magnitude and is not itself a measure of
convergence; convergence is inferred here only qualitatively from horizontal gradients in the LLMT
field. The moisture-flux divergence, —V-(qV), was not calculated in this study; therefore no statement is
made about the presence or location of a convergence zone, and the gradient is described only as a
feature of the transport field.

At 925 hPa and 06:00 UTC, the highest LLMT values (deep red, > 41.55 g kg™' m s™') were
located over western Java (Banten), west-southwest of the airport, with a secondary maximum over the
western Java Sea in the north-western corner of the domain. An area of suppressed moisture transport
(deep blue, < 5.19 g kg™' m s™') lay over the Java Sea to the north-east and east, so that the airport was
located within a strong horizontal LLMT gradient between these regions. Such a gradient is consistent
with, but does not by itself demonstrate, low-level moisture flux convergence near the airport. At 825
hPa and 06:00 UTC, high LLMT values covered most of the northern and western parts of the domain,
including the Jakarta area, whereas a minimum was located over southern West Java. At 07:00 UTC,
the 925 hPa maximum remained over western Java, west-southwest of the airport, while the area of high
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LLMT over the western Java Sea weakened; the airport remained on the eastern flank of the high-LLMT
region. At 825 hPa the pattern was similar to that at 06:00 UTC. Because the 06:00 and 07:00 UTC
fields coincide with the event, they may partly reflect the convection itself (for example, outflow-
modified low-level winds and moisture) rather than the pre-storm environment.
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Figure 6. Low-Level Moisture Transport (LLMT) at 925 hPa and 825 hPa Levels on April 6, 2026 (06:00 and
07:00 UTC)

The presence of enhanced low-level moisture over western Java and the western Java Sea during
the event is consistent with the role of low-level moisture flux convergence reported by Lubis et al.
(2022), who linked the record-breaking Jakarta precipitation of January 2020 to northerly surges and
equatorial waves with enhanced low-level moisture flux convergence, and with the use of low-level
moisture transport as an indicator of convective potential by Saputra and Darmawan (2025). In the
present case, however, the high-LLMT axis lay over western Java and the western Java Sea rather than
forming a clear transport pathway from the Java Sea toward the airport, and ERAS at 0.25° (about 28
km) cannot resolve a convective cell a few kilometers across. The LLMT analysis therefore suggests a
moist low-level environment around the airport at the mesoscale, but does not identify the trigger of the
individual convective cell.

3.6 Atmospheric Stability Analysis Based on Radiosonde Data (Skew-T Log-P)

Analysis of upper-air data from the Soekarno-Hatta Class I Meteorological Station provided
thermodynamic profiles at 00 UTC (about six hours before the rainfall) and at 12 UTC (about five hours
after the rainfall ended) on April 6, 2026. The Skew-T Log-P diagrams for both observation times are
presented in Figure 7a (00 UTC) and Figure 7b (12 UTC), respectively.

At 00 UTC (Figure 7a), the atmosphere exhibited a relatively weak convective environment.
CAPE was 109 J kg! (weak category), CIN —128 J kg™' (magnitude 128 J kg™!, moderate category), K
Index (KI) 33.5 (moderate), Showalter Index (SI) 1.4 (moderate), and SWEAT Index 204 (moderate).
The LCL was 233 m AGL and the LFC 3043 m AGL, and a shallow radiation inversion was present at
132 m AGL. The 12 UTC sounding (Figure 7b) was launched about five hours after the rainfall ended
and therefore describes a post-event environment that may already have been modified by storm outflow
and evening cooling. It showed CAPE of 638 J kg™!, CIN —168 J kg™!, DCAPE (6.0 km) of 603 J kg™,
KI of 35.4 (moderate), and SI of —0.5. CAPE and CIN are the values output by the RAOB software; the
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lifted parcel used by the software was not varied in this study. These 12 UTC values are reported for
completeness and are not used to infer the pre-convective environment, the storm character, or the
vertical-velocity potential.
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Figure 7. Atmospheric Sounding Profiles at Soekarno-Hatta International Airport on April 06, 2026: (a) 00:00
UTC and (b) 12:00 UTC

These findings are consistent with Taszarek et al. (2021), who noted that in tropical
environments heavy rainfall can occur even under relatively low CAPE regimes when atmospheric
moisture content is high and CIN is moderate, and with the low-CAPE framing in the Introduction.
Fibriantika and Mayangwulan (2020) and Syaifullah (2017) further noted that in Indonesia moderate KI
values in the range of 29 to 37 are frequently associated with convective rainfall events, particularly
when low-level moisture transport is enhanced; the KI of 33.5 at 00 UTC falls within this range. Because
the 12 UTC sounding was launched about five hours after the rainfall ended, its higher CAPE and KI
cannot be taken as evidence of pre-storm intensification, and no conclusion is drawn about a transition
in storm character or about outflow near the tropopause. A sounding closer to the event time (for
example, a special 06 UTC launch or a model-derived profile) would be needed to characterize the pre-
convective environment.
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3.7 Synthesis and Limitations

Table 2 places the observations of each dataset on a common timeline. The radar echo over the
airport, the cold cloud tops, the growth of the CCO cluster south of the airport, and the AWS rainfall
signal all fall within the same 06:00-07:00 UTC window, and the sequence is physically coherent. Taken
separately, the highest radar reflectivity among the four available images (45 dBZ) was observed at
06:20 UTC, the coldest cloud-top class in the brightness-temperature images (about —62 to —69°C) at
06:40 UTC, the peak AWS 10-minute rainfall (18.6 mm) in the interval ending at 06:30 UTC, and the
largest CCO object at 06:40-06:50 UTC. These times differ by up to about 20 minutes, which is
consistent with the sampling differences discussed in Section 3.3 (unevenly spaced radar images with
none between 06:20 and 06:36 UTC, 10-minute satellite and AWS intervals, and parallax). The ERAS
fields (06:00 and 07:00 UTC) and the radiosonde soundings (00 and 12 UTC) provide environmental
context only and are not simultaneous with the event. The agreement among datasets is qualitative; no
co-located extraction or quantitative comparison was performed.

Table 2 Timeline of multi-source observations, 6 April 2026 (UTC)

Time (UTC) Radar (CMAX) Himawari-9 (BT / CCO) AWS rainfall
06:00-06:20 Compact cell over the airport;  Southern cluster appears at 06:10 (BT Onset at 06:10 (0.6 mm);
42 dBZ at 06:04, 45 dBZ at about —48 to —56 °C), intensifying to 9.0 mm at 06:20
06:20 about —56 to —62 °C by 06:30; first Cb
cluster south of the airport at 06:20
(CCO)
06:20-06:40 Slight weakening; 40 dBZ at Cb cluster growing (06:30); core BT Maximum: 18.6 mm at
06:36 about —62 to —69 °C over a larger area at  06:30; 13.4 mm at 06:40
06:40
06:40-07:00 Reflectivity ~44 dBZ with Largest, most cohesive Cb object at 3.4 mm at 06:50; event
two cells to the NW and Wat  06:40-06:50; peripheral warming at total 45.0 mm;
07:00 06:50-07:00 essentially no rain
afterwards

Note: ERAS LLMT (06:00 and 07:00 UTC) and radiosonde soundings (00 and 12 UTC) are not included
because they do not resolve the 06:00-07:00 UTC timeline; they provide environmental context only.
Times are UTC; cell values are taken from Figs. 2—5.

The main limitations of this study are as follows. First, the integration of the datasets is
qualitative: the datasets differ in sampling interval and spatial support, and no co-located extraction or
quantitative comparison was made. Second, the rainfall evidence rests on a single AWS with 10-minute
resolution, whose catch may be reduced at high intensities, and the spatial distribution of rainfall over
Terminal 3 itself is not resolved. Third, moisture-flux convergence was not calculated, so the LLMT
magnitude fields cannot show where moisture converges, and ERAS at 0.25° cannot resolve a convective
cell a few kilometers across, and the fields at 06:00-07:00 UTC may already reflect the convection.
Fourth, the radiosonde soundings at 00 and 12 UTC are not simultaneous with the event, and the 12
UTC sounding was taken after it. Fifth, radar CMAX implies rain rates well below those recorded by
the AWS, so it was used qualitatively, and attenuation, calibration, beam geometry, and the cone of
silence were not assessed; the CCO thresholds were adopted from Himawari-8 studies without a
sensitivity test, and parallax was not corrected. Sixth, the link to the ceiling failure is inferential: the
failure time comes from a social-media report, no engineering assessment or official failure time was
available, the structural response was not analyzed, and a climatological assessment of the rainfall
intensity at the airport was not possible.

4. CONCLUSION

This study investigated the significant weather conditions associated with the ceiling failure at
Terminal 3 of Soekarno-Hatta International Airport on 6 April 2026 using an integrated multi-source
observational approach comprising C-Band weather radar CMAX, Himawari-9 satellite imagery, AWS
observations, ERAS5 Low-Level Moisture Transport (LLMT), and radiosonde soundings. The AWS
recorded 45.0 mm of rainfall between 06:10 and 06:50 UTC, with a maximum of 18.6 mm in 10 minutes
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at 06:30 UTC, a temperature drop of about 7.6°C, and gusts of up to 11.5 m s™'. These conditions were
associated with the rapid development of a compact convective system over and around the airport
between 06:04 and 07:00 UTC. Radar CMAX showed maximum reflectivity of 40—45 dBZ, which
implies rain rates well below those recorded by the AWS and was therefore used only qualitatively,
while Himawari-9 showed cloud-top brightness temperatures of about —62 to —69°C. Cloud Convective
Overlays (CCO) analysis indicated the growth and persistence of cumulonimbus clouds south of the
airport during the period of maximum rainfall. ERAS LLMT fields at 925 and 825 hPa showed enhanced
low-level moisture over western Java and the western Java Sea, with a strong gradient near the airport,
indicating a moist low-level environment, although ERAS cannot resolve the individual cell. The 00
UTC sounding showed weak CAPE (109 J kg™!) and moderate KI (33.5), consistent with a low-CAPE
tropical environment; the 12 UTC sounding was taken after the event and was not used to characterize
the pre-storm environment. The qualitative integration of these observations indicates that the event is
consistent with rapidly developing convection in a moist low-level environment that produced short-
duration heavy rainfall, which coincided with, and is a plausible contributing condition for, the ceiling
failure. The causal link and the failure mechanism were not demonstrated and require engineering
investigation.

In terms of implications for airport operations and forecasting, cold cloud tops near the airport
domain were already present at 05:40 UTC and a compact radar echo was over the airport at 06:04 UTC,
before rainfall onset at the AWS (06:10 UTC), which suggests that nowcasting products based on radar
CMAX and Himawari CCO detection could support short-lead alerts for very heavy rainfall. Such alerts
could be combined with drainage and roof-load monitoring at terminal buildings. Future work should
compute moisture-flux convergence, —V-(qV), from ERAS5 or high-resolution model fields, add nearby
rain gauges and dual-polarization radar quantities, ERAS5 or high-resolution model fields for the hours
before initiation, and a post-event structural assessment of Terminal 3.
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