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Abstract. This paper discusses the result of the development of a hydro-
meteorological hazard early warning system (H-MHEWS) that combines
weather prediction from Weather Research and Forecasting (WRF) and the
hydrometeorological hazard index from the National Disaster Management
Authority (BNPB), Indonesia. In its current development phase, the hazards that
H-MHEWS predicts are floods, landslides, and extreme weather events.
Potential hazard indices are obtained by using an overlay approach and
resampling so that the data have a 100-m spatial resolution. All indices are
classified into 4 status categories: ‘“No alert”, “Advisory”, “Watch”, and
“Warning”. Flood potential is produced by overlaying rainfall prediction at 3-
hour intervals with the flood index. Landslide potential is produced by
overlaying rainfall prediction with the landslide index. Extreme weather
potential is divided into 3 categories, i.e. heavy rain, strong winds, and extreme
ocean waves. The whole prediction is dynamic, following weather predictions at
3-hour intervals. The hazard prediction results will trigger a “Warning’ alert in
case of emergency status. This alert will be set up in a notification system to
make it easier for the user to identify the most dangerous hydrometeorological
hazard events.

Keywords: extreme weather; flood; high resolution; hydrometeorology; hydro-
meteorological hazard early warning system (H-MHEWS), landslide; warning; weather
prediction.

1 Introduction

Several early warning systems have been developed in Indonesia. The
Indonesian Agency for Meteorology, Climatology and Geophysics (BMKG) has
developed an early warning system for extreme weather that can be accessed at
web.meteo.bmkg.go.id [1]. People can get predictions of thunderstorms, strong
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wind, heavy rain and high waves by accessing the website. The prediction is
updated daily for weather conditions 3 days ahead, covering all of Indonesia.

Beside the system above, there is an early warning system called Satellite
Disaster Early Warning System (SADEWA), which was developed by the
Indonesian National Institute of Aeronautics and Space (LAPAN) and covers all
of Indonesia as well. SADEWA provides weather predictions but does not yet
show hazard predictions. The weather prediction is provided in 0.25° grid
spatial resolution [2]. On a micro scale, flood early warning systems have
already been well developed, especially for the Jakarta region. Since Jakarta is a
flood prone area, the Jakarta Flood Early Warning System (J-FEWS) was built,
as reported by Ginting, ef al. [3]. These systems use an operational flood
forecasting and warning system based on Delft-FEWS [4]. For landslides, the
Gajah Mada University released an early warning system called LEWS
(Landslide Early Warning System) using Internet-based GPS (online GPS) [5].

There is also an early warning system for high ocean waves, which was
developed by the Indonesian Agency for Meteorology, Climatology and
Geophysics (BMKG) and can be accessed at www.maritim.bmkg.go.id [6]. This
system provides predictive information about regions that potentially have
extreme waves at 24 hours ahead. This system divides the height of waves into
3 levels, i.e. moderate sea (1.25-2.5 m), rough sea (2.5-4.0 m) and very rough
sea (4.0-6.0 m).

As an official institution that manages hazards, the National Disaster
Management Authority (BNPB) has developed inaRISK (hazard risk index
monitoring in Indonesia), which can be accessed at www.inarisk.bnpb.go.id [7].
A collection of hazard indices has been compiled in a book entitled /ndonesia
Disaster Risk [8]. The flood hazard index was obtained from an overlay method
adopted from Manfreda, et al. [9]. Using this method, flood-prone areas are
identified by modifying DEM raster data into a topographic index and then
compared to a flood threshold value. The flood threshold value is obtained from
flood data of major river networks. The limit of this flood hazard index is the
absence of rainfall as a factor, which is usually a major trigger for flood events.

The present paper discusses the results of the development of an early warning
system for hydrometeorological hazards in Indonesia (which can be accessed at
mhews.bnpb.go.id) by utilizing hazard risk index monitoring (inaRISK —
inarisk.bnpb.go.id) and dynamic weather prediction at 3 days ahead 3-hour
intervals.
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2 Methods

The prediction of hydrometeorological hazard potential can be made dynamic
by overlaying the hazard index from inaRISK with weather predictions covering
the whole of Indonesia. Figure 1 shows the flow of H-MHEWS development,
combining two types of data, i.e. the hazard index of inaRISK and the indexed
weather prediction. This scheme shows the process flow of the system, starting
with numerical weather prediction (NWP) and finishing with GIS processing
(calculating dynamic hazard indices) using high performance computing (HPC).
Using GIS technology, H-MHEWS was developed by integrating common
database operations, such as queries and statistical analysis, as well as creating
visualizations and geographic analysis in the form of maps [10]. H-MHEWS is
processed in GIS and all information can be linked and processed
simultaneously. A syntactical expression of the changes is induced in the
system by variation of the hazard index.
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Figure 1 Flow of H-MHEWS processing.

The numerical weather prediction process using the Weather Research and
Forecasting (WRF) model is described in Powers, et al. [11]. WRF simulations
begin with the WRF Preprocessing System (WPS), a series of utilities. WPS
first pulls in geographical information (e.g. topography and land use) to set up
the user’s model domains. As H-MHEWS needs prediction data up to 3 days
ahead at 3-hour intervals, therefore this information is set up in an input
configuration file called namelist.input. Next, it ingests, reformats, and
interpolates the requisite first-guess atmospheric data (e.g. a global analysis or
model forecast) to the user’s domain. Finally, the input fields are put on the
model’s vertical levels and lateral boundary conditions are generated. WRF is
then ready to run. This is done by the forecast component, which contains a
dynamical solver and physics packages for atmospheric processes (e.g.
microphysics, radiation, and planetary boundary layer). The weather prediction
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is processed automatically using a task scheduler in the Linux operating system
[12].

A hazard index from the H-MHEWS input is obtained from inaRISK,
consisting of flood hazard, landslide hazard, and an extreme weather map.
Flood hazard refers to flood-prone area data and inundation depth is based on
PERKA No. 2 BNPB/2012. DEM raster data are developed into flood-prone
areas through topographic index modification with the following Eq. (1):

n
aq

Tl, = 10gtan(ﬁ) (1)

where TI,, is topography index modification, a, is flow area per length contour
unit (or value of the accumulated flow based on DEM data analysis, values
depending on DEM resolution), tan (f) is the slope (based on DEM data
analysis), and #n is an exponential value; the value of n is calculated with the
formula n = 0.016 x 0.46, where x is the DEM resolution.

Flood-prone areas are identified using a threshold value (7). If the topography
index value is greater than a threshold value (77, > T), the area will be
categorized as flood-prone with 7= 10.89n + 2282. Furthermore, the flood
hazard index is estimated by the slope and distance from a river at the flood-
prone areas with a fuzzy method.

The second type of hazard in H-MHEWS is landslide hazard. Landslide hazard
zone classification is based on the vulnerability of ground motion as issued by
the Center for Volcanology and Geological Hazard Mitigation (PVMBG) and
corrected for slopes above 15%. The landslide hazard index is obtained by
danger area delineation after performing overlay between landslide vulnerability
zone and slope analysis.

Furthermore, extreme weather hazards are divided into strong winds, heavy
rainfall, and extreme ocean waves. Strong winds and heavy rainfall are obtained
by scoring its constituents, which are land openness, land slope, and annual
rainfall. The constituent parameters for extreme waves are wave height, ocean
current, coast typology, vegetation cover, and coastline shape.

2.1 Downscaling WRF Output into 5 Km

The Weather Research and Forecasting (WRF) model is a numerical weather
prediction (NWP) and atmospheric simulation system that was designed for
both research and operational applications [13]. However, to make it
operational, the WRF output has to be downscaled to obtain a higher resolution.
In the WRF model, weather satellite data from Global Forecast System (GFS)
from the National Center for Environmental Prediction (NCEP), with a
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resolution of 10° x 10°, is interpolated to a higher resolution by considering
some parameterizations, such as microphysics, planetary boundary layer (PBL),
cumulus scheme, radiation scheme, physics and dynamics options [14]. The
domain is divided to have some nesting based on a regional division, with the
coarse domain having a lower resolution than the term, which is done by
considering domain comparison from the coarse domain to the nesting domain.
In this research, downscaling was performed to increase the resolution of
weather predictions to 5 km from 25 km previously (GFS data). The WRF
output with 5 km spatial resolution is nested in 3 domains (see Figure 2).

Figure 2 The domain of the H-MHEWS system.

To support the hazard index resolution, the weather prediction is generated in
layers at a 100-m resolution using resampling [15]. With the resampling
method, the resolution of the two data sets (inaRISK index and the indexed
weather prediction) will be the same. This is because the inaRISK map provides
data in 100 m resolution but weather prediction only has a 5 km resolution. The
result of this resampling are weather prediction maps in raster form with a 100-
m resolution.

2.2 Creating Hazard Index Prediction

A hazard index prediction map is generated by overlaying the weather
prediction map with the inaRISK map. After that, an overlay map is generated
as the new index representing the prediction of hazard occurrences in Indonesia.
The digital hazard index and weather layers are overlaid and integrated in GIS
media by raster calculator functions [16], then zoning of regions is done in 4
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classes, i.e. “No alert”, “Advisory”, “Watch”, and “Warning”. The classes are
applied to flood, landslide, and extreme weather hazards.

2.2.1 Flood

The flood hazard index is derived by combing the calculation and weighting of
predicted rainfall with the inaRISK index. Flood hazard indices are obtained
with the following Eq. (2):

IK = 0,2*IR*20 + 0,8* R 2)
where:

IK : flood hazard index, the value of which will be determined to be used as
the value of hazard warning

IR :flood index from inaRISK

R :amount of rainfall

Furthermore, the hazard index (IK) is classified into 4 groups, as shown in
Table 1 below.

A predicted hazard index is calculated for each 100 m x 100 m grid of the
domain. The index (IR) used is the hazard index from inaRISK, namely flood
hazard. The amount of rainfall (R) used to calculate the hazard index is obtained
from the result of weather prediction. Due to the difference in spatial resolution,
the weather prediction result is resampled before combination with the hazard
index. The rainfall input into the formula is the predicted rainfall resulted by the
WRF model at 3-hour intervals, a resolution of 5 km, and 3 days ahead.

Table 1 Hazard indices for floods.
IK Value (Flood Hazard Index) Status Color

<8 Normal Green
8-11 Caution  Yellow
11-15 Warning  Orange
>15 Warning Red

For example, for an area with a flood index of 0.2 and rainfall over one time
step reaching 15 mm, the hazard index values from Eq. (3) are as follows:

IK=02%*02*20+08*15=12.8 3)

Based on the table of IK values, the value of 12.8 is put into the group and will
put an orange alert on the hazard warning map.
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2.2.2 Landslide

The landslide hazard index is almost the same as the flood index, also derived
by combining the calculations and weighting of the predicted rainfall and
landslide hazard index of inaRISK. The landslide hazard indices are obtained
with the following Eq. (4):

IK =0,2*IR*20 + 0,8* R 4)
where:
IK :landslide hazard index, the value of which will be determined to be used
as the value of hazard warning

IR :landslide index from inaRISK
R : amount of rainfall

Furthermore, the landslide hazard index (IK) is classified into 4 groups, as
shown in Table 2 below.

The landslide hazard index is calculated for each 100 m x 100 m grid of the
domain. The amount of rainfall (R) that is used to calculated hazard index is
obtained from the result of weather prediction by the WRF model. Due to the
difference in spatial resolution, the weather prediction result is resampled before
being used for the hazard index.

Table 2 Hazard indices for landslides.
IK Value (Landslide Hazard Index) Status Color

<8 No Alert  Green
8-11 Advisory  Yellow
11-15 Watch ~ Orange
> 15 Warning Red

For example, for an area with a flood index of 0.2 and rainfall over one time
step reaching 15 mm, the hazard index values are as follows:

IK=02%*02*20+08*15=12.8 5

Based on the table of IK values, the value of 12.8 is put into the group and will
put an orange alert on the hazard warning map.

2.2.3 Heavy Rain

For the category of extreme weather, the value used is the value of the weather
and maritime prediction issued by the system, henceforth it is grouped into
several categories. Predictions for heavy rain are grouped into the following 4
hazard groups (Table 3).
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Table 3 Index and status of heavy rain.

Rainfall Status Color
<5mm  NoAlert Green
5-10mm  Advisory Yellow
10-20 mm  Watch Orange
>20mm  Warning Red

For example, if the rainfall in an area is 18 mm in one time step, then the area’s
alert status at that time is extreme weather and heavy rain. It will be made
orange on the map of extreme weather warnings, showing heavy rain.

2.2.4 Strong Winds

In the system of early warning for strong winds, the predicted wind speeds are
grouped into the following 4 groups as (Table 4).

Table 4 Index and status of strong winds.

Velocity  Status Color
<3m/s NoAlert Green
3-5m/s Advisory Yellow
5-8 m/s Watch Orange
>8m/s Warning Red

For example, if the wind speed in an area is 9 m/s in one time step, then the
area’s alert status at that time is extreme weather and strong winds. It will be
colored red on the map of extreme weather.

2.2.5 Extreme Ocean Waves

The ocean wave height parameter used in the prediction is significant wave
height, which is defined as the average height of the highest one-third waves in
the wave spectrum [17]. Predictions of extreme hazard at high tide are divided
into 4 groups as shown in Table 5 below. The predicted ocean wave heights
result from the SWAN (Simulating Waves Nearshore) model. SWAN is a third-
generation wave model that can be used for small-scale coastal regions with
shallow water, (barrier) islands, tidal flats, local wind, and ambient currents
[18].

Table 5 Index and status of extreme ocean waves.

Wave Status Color
<0.50 m No Alert  Green
0.50-1.25m Advisory Yellow
1.25-1.50m  Watch  Orange
>1.50 Warning Red
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3 Results

High-resolution mapping of weather predictions is important in hazard
prediction. This is because extreme weather conditions, especially rainfall, are
often the largest triggers of hydrometeorological disasters. H-MHEWS provides
high-resolution and high-accuracy weather predictions. The weather forecast
has a spatial resolution of 5 km with prediction at 3 days ahead and a 3-hour
temporal resolution.
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Figure 3 Upgrading weather prediction resolution to 5 km.

In the first development phase, the weather prediction plot of H-MHEWS used
static images based on the Grid Analysis and Display System (GraDS) output.
However, in the current development phase, the weather prediction of H-
MHEWS is made more dynamic by adding a form of wind animation in JSON
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format on the website. This format allows the user to see the wind displacement
direction dynamically (Figure 3).

In the process described previously, there is a need to make an overlay of the
inaRISK hazard index and the dynamic weather prediction map to produce an
hazard index prediction at 3 days ahead. BNPB has made a hazard index for
floods, landslides, and extreme weather events as shown in Figure 4. The green
color indicates areas with ‘No alert’ predicted weather, yellow means
‘Advisory, orange means ‘Watch’ and red means ‘Warning’. This index is
based on the following classification.

Table 6 Index and status of inaRISK hazard vulnerability.

Index Status Color
0-0.25 No Alert  Green
0.25-0.5 Advisory Yellow
0.5-0.75  Watch  Orange
0.75-1  Warning Red

For example, if an area has a hazard landslide index of 0.3, then the area will be
colored yellow on the index prediction map for landslides.

= !
Low  Mogerate

Figure 4 Hazard index from inaRISK: (a) flood, (b) landslide, (c) extreme
weather.

Furthermore, the result is overlaid with weather predictions along with inaRISK
hazard prediction. The result of the map overlay generates a new index that
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represents the potential hazard prediction for Indonesia so that mitigation can be
done quickly and accurately. The map overlay of inaRISK and weather
predictions is done in an attempt to form hazard indices that can be displayed in
decision support systems (DSS) on websites. The hazard indeces indicate the
status of an area at a predetermined time, i.e. ‘No alert’, ‘Advisory’, ‘Watch’,
and ‘Warning’. Both the hazard index and the inaRISK index made with the
existing methods can be permanently displayed to be able to constantly monitor
the results and validate them with data from the field.

Figure 5 shows examples of flood hazard predictions at 3 local times. Figure
5(a) shows predictions of hazards for 15 February 2017 at 10.00. This image
shows which areas are red, i.e. ‘“Warning’ status, orange, i.c. ‘Watch’ status,
yellow, i.e. ‘Advisory’ status, i.e. green, i.e. ‘No alert’ status for floods. Figure
5(b) contains information regarding the status of flooding but at different local
times. Figure 5(a) shows it at 10.00, Figure 5(b) is at 13.00, and Figure 5(c) is at
16.00. It can be seen that the changes will continue over time to follow the
variation of the predicted weather.
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Figure 5 Prediction of flood hazard on 15 February 2017: (a) at 10.00 LT, (b) at
13.00 LT, (c) at 16.00 LT.

Figure 6 shows examples of landslide hazard predictions at 3 local times. Figure
6(a) shows hazard predictions for 15 February 2017 at 10.00 LT. This image
describes the hazard index made from an overlay of the weather prediction and
the landslide index. Figure 6(b) contains information regarding the status of
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flooding but at a different local time. Figure 6(a) is at 10.00, Figure 6(b) is at
13.00, and Figure 6(c) is at 16.00.

Figure 6 Prediction of landslide hazard index on 15 February 2017: (a) at
10LT, (b) at 13LT, (c) at 16LT.

Figure 7 shows the hazard prediction for extreme rainfall at 3 different times.
Figure 7(a) shows which areas 15 February 2017 10.00 are categorized as
‘Warning’ (red in the maps), ‘Advisory’ (orange in the maps), ‘Watch’ (yellow
in the maps), and ‘No Warning’ (green in maps). Figure 7(b) shows the same as
Figure 7(a) but at a different local time, 13.00, and Figure 7(c), 16.00. The
extreme weather index is obtained from determination of the weather parameter
prediction for rainfall, wind speed, and wave.

The simulation results in hazard prediction can be displayed in a DSS in the
form of a website, which makes it easier for the user to read the results of
hazard prediction and facilitate decision-making for mitigation purposes. On
this website, there is also a map that contains the warning status for hazards in
Indonesia. A visualization of a DSS on the website can be seen in Figure 8.

The map loads a simulated ‘Advisory’ alert that allows users to quickly find any
hazard coming to a specified zone. In this map, there is the option to overlay
weather maps, for example rainfall and wind speed. In addition, there is an
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option to download an Excel file that contains the information on hazard alerts
in all regions in Indonesia.

Figure 7 Prediction of extreme weather hazard index on 15 February 2017: (a)
at 10.00 LT, (b) at 13.00 LT, (c) at 16.00 LT.
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Figure 8 Landslide warning on 15 February 2017 at 10.00 LT.

Figure 9 shows an example of the hazard alert information in CSV format. The
file provides information on the province, status (‘Advisory’ and ‘Warning’),
regency, and village regarding potential hazard events at 3 days ahead and 3-
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hour intervals. This also has the purpose of facilitating the user to evaluate and
validate the prediction information based on real conditions.

Early Warning of Hydro-Meteorological Hazards

Hazard type: FLOOD
Date: 3/23/2018
Time: 13
NO  PROVICE DISTRICT SUB-DISTRICT VILLAGE ALERT STATUS
1 RIAU INDRAGIRI_HILIR KATEMAN AIR_TAWAR Warning
2 RIAU INDRAGIRI_HILIR KATEMAN BANDAR_SRI_GEMILANG Warning
3 RIAU INDRAGIRI_HILIR PULAU_BURUNG PULAU_BURUNG Warning
4 RIAU INDRAGIRI_HILIR PULAU_BURUNG SUNGAI_DANAI Warning
5 RIAU INDRAGIRI_HILIR PULAU_BURUNG SRI_DANAI Warning
6 RIAU PELALAWAN KUALA_KAMPAR SUNGAI_SOLOK Warning
7 RIAU PELALAWAN KUALA_KAMPAR SUNGAI_UPIH Warning
8 RIAU SIAK SUNGAI_APIT TANJUNG_KURAS Warning
9 RIAU SI1AK SUNGAI_APIT KAYU_ARA_PERMAI Warning
10 RIAU BENGKALIS BUKIT_BATU PARIT_I_API_API Warning
11 RIAU BENGKALIS BUKIT_BATU SEPAHAT Advisory
12 RIAU BENGKALIS RUPAT TERKUL Advisory
13 RIAU BENGKALIS RUPAT SEI_CINGAM Warning
14 RIAU BENGKALIS RUPAT PANGKALAN_NYIRIH Warning
15 RIAU BENGKALIS RUPAT MAKERUH Warning
16 RIAU BENGKALIS RUPAT DARUL_AMAN Warning
17 RIAU BENGKALIS RUPAT_UTARA TITI_AKAR Warning
18 RIAU BENGKALIS RUPAT_UTARA TANJUNG_MEDANG Warning

Figure 9 Output of hazard alert information in CSV format.

4 Discussion and Analysis

H-MHEWS is an operational system of BNPB to monitor disaster events in
Indonesia. To keep the system accurate and ensure that it matches real
conditions, its data are continuously compared with real events in Indonesia
collected by BNPB. Based on the first evaluation in 2016, almost all parameters
provided in H-MHEWS, such as floods, landslides, extreme weather events and
rainfall alerts had a good match with real event data. The comparison result can
be seen in Table 6, which shows correlations that BNPB detected between H-
MHEWS output and observation data.

The skill score of high-resolution weather prediction in regions around Java
Island has been discussed by Fachrizal [20]. At 1:1 resolution, the skill score of
high-resolution weather prediction is able to reach an accuracy of 0.8. Although
the skill score is high, H-MHEWS still has uncertainty in its results that should
be identified in future research.

Table 7 Comparison between H-MHEWS output and observation data [19].

Parameter Comparison Test with Real Event
Landslide 60%
Flood 75%
Extreme weather 80%
Rainfall 86%

Regarding this prediction uncertainty, the World Meteorological Organization
[21] states that even the most sophisticated numerical weather prediction
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systems still have uncertainty and are able to produce wrong predictions. The
chaotic nature of the atmosphere, as stated by Lorenz [22], and the
parameterization scheme in numerical weather prediction, as stated by Buizza
[23], are the two main sources of uncertainty in numerical weather prediction.
Hence, they will also affect the accuracy of H-MHEWS.

Several methods are available to reduce the uncertainty of H-MHEWS. The first
is to assimilate ground observation data or radar/satellite observation data.
Kumar, et al. [24] have shown that satellite rainfall data are able to improve the
rainfall result of weather predictions. Besides data assimilation, ensemble
prediction systems are also able to solve uncertainty problems in weather
prediction, as stated by Buizza, et al. [25]. Ensemble prediction systems are able
to produce probabilistic forecasts, as stated by Joslyn and Savelli [26] and
Joslyn and Le Clerc [27], which is beneficial for the user. Pratama [28] has tried
using an ensemble method to reduce uncertainty of rain prediction in Bandung,
West Java, with satisfactory results.

In the future, these hazard prediction methods will continue to be developed to
improve the quality of H-MHEWS. Therefore, the development of increased
accuracy in prediction, the development of the website, and validation of the
results of hazard prediction will be continued to increase the benefits of H-
MHEWS.

5 Conclusions

Society requires hydrometeorological hazard early warning information to see
potentially dangerous weather patterns in advance. This research produced the
information needed by the community in the form of predictive hydro-
meteorological hazards at 3 days ahead and intervals of 3 hours with a 5 km
spatial resolution. This information can be accessed at mhews.bnpb.go.id. It is
used in a DSS in the form of a website that informs the user which areas have a
hazard warning. The DSS provides the most important information in a user-
friendly way as a service to society.
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