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The downstream reaches of the Ciliwung River, Java, Indonesia are frequently impacted by flooding. The
river basin is also known to suffer from a series of governance challenges that prevent floods from being
effectively mitigated. Such challenges include poor vertical and horizontal coordination between basin
stakeholders, limited institutional capacity and a lack of stakeholder and public participation (Clegg et
al., 2019). In order to address these challenges, the project Mitigating hydrometeorological hazard impacts
through improved transboundary river management in the Ciliwung River Basin (CRB) aims to develop plans
for more integrated flood management and river governance. As part of this, plans for improved end-
to-end flood early warning arrangements will be developed, answering the question how can weather
monitoring and forecasting for extreme events (local rain) and real time river monitoring be better integrated
into a standard operating procedure to strengthen end-to-end flood risk early warning and decision making
for the Ciliwung River? The purpose of this report is to identify the concepts relevant to end-to-end flood
early warning, and to understand current approaches taken, including how they are governed. Current
arrangements in Indonesia are described, along with examples from Europe for comparison. The findings
are based on a review of the available literature.

This report is structured as follows: Firstly, the methodology of the review is given.This is followed by an
outline of relevant key concepts. The report goes on to describe the current status of flood early warning
arrangements in the CRB/Indonesia, and Europe. A discussion of the findings and questions for future
research are then given.
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The findings of this report were identified from a systematic review of the literature guided by the
following research questions:

I. What are the key concepts relevant to end-to-end flood early warning?

2. What is the current status and availability of flood early warning in Indonesia (including current
approaches, and governance arrangements)?

3. How is flood early warning conducted in European countries, and what lessons can be learned?

Key search terms included:‘'end-to-end early warning’;'people-centred’;'multi-hazard early warning’;flood’;
forecasting’ and/or warning and/or monitoring’; ‘extreme events'.

These terms were then searched in combination with location specific searches: ‘Indonesia’; ‘Ciliwung’;
Jakarta’;'United Kingdom';'Europe’; 'European Union’.Where necessary, further searches for specific topics
that arose during the review were conducted to gain further depth.

Searches were conducted using Google/Google Scholar and the University of Huddersfield's online library
portal. The review included the following document types: Journal article, conference paper, book section,
organisational reports by recognised bodies (United Nations, World Meteorological Organisation etc.).
Documents were regarded to be relevant if they related to natural hazard EWS in general, or flood related
systems. Documents relating to other hazards or non-relevant locations, were excluded. Documents
were assessed for relevance through an initial judgement of the title, followed by an abstract scan. Only
documents in English were considered.
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An early warning system (EWS) is defined by the United Nations Office for Disaster Risk Reduction
(2020) as “An integrated system of hazard monitoring, forecasting and prediction, disaster risk assessment,
communication and preparedness activities systems and processes that enables individuals, communities,
governments, businesses and others to take timely action to reduce disaster risks in advance of hazardous
events'. EWS are a key component of successful disaster risk management. EWS can exist for a single
hazard, or for multiple hazards (see Section 3.6). A flood EWS (or FEWS) is designed to address flooding
specifically.

EWS are sometimes termed ‘end-to-end’. This refers to the linkages through the system from the initial
monitoring of conditions to the reception of the warning by the user. End-to-end EWS are often considered
to consist of four connected elements: risk knowledge, monitoring and forecasting, dissemination and
communication and preparedness and response (UNDRR, 2020). The four elements are described as
follows:

I.  Risk knowledge — The collection and analysis of risk data to help authorities and the public to
understand risk and to support decision making. This likely includes an understanding of where those
at risk are located, as well as assessments of peoples coping capacities.

2. Monitoring, forecasting and warning — Monitoring and forecasting of hazard variables supports
the generation of a warning in advance of a hazardous event. Such activities should be conducted
continuously. Ideally this will involve coordination across different hazard activities to support the
detection of multi-hazard events.

3. Dissemination and communication — Messages should be communicated in a way that is clear
and understandable, and be deemed trustable by the receivers. The dissemination of warnings should
take place through established channels in a manner that reaches all those at risk.

4. Preparedness and response — Preparedness enables those at risk to know how to, and to be able
to, respond to a warning when required. There should be plans in place for what people should do, as
well as education programmes to raise awareness.

(WMO, 2018).

EWS that are end-to-end and composed of the above four elements may also be ‘people-centred’. This
means that those at risk are ‘central’ to the system.The systems are designed to address the needs of
those at risk and help to empower people to act (United Nations, 2006). UNISDR (2006) identify several
important ‘cross-cutting’ aspects that support people-centred EWS. This includes |. effective governance,
2. involvement of local communities, 3. consideration of gender perspectives and cultural diversity, and 4.
a multi-hazard approach.

January 2022

[



r Flood risk early warning and decision making in Indonesia and Europe

Monitoring and forecasting aspects of FEWS enable the generation of a warning prior to the onset
of a flood (WMQ, 2018). Monitoring for river floods commonly takes the form of a gauge network,
where conditions, such as rainfall, river level, and flow are measured periodically. Such networks may
have varying levels of sophistication. For example, they can be automated, or manual. Remotely sensed
products (e.g. from satellites) may also be used for monitoring conditions (Associated Programme on
Flood Management, 201 3).While monitoring river conditions may provide an advanced warning for those
downstream, an additional forecasting element can help to extend the lead time. Jain et al. (2018) notes
that for flooding, this will likely involve forecasting of hydrometeorological conditions that may contribute
to a flood (e.g. precipitation) in addition to observations. Forecast outputs can include river level, time of
peak discharge and locations that may be inundated. Again, such flood forecast models can have various
forms, levels of sophistication and accuracy. Perera et al. (2020) further note that a technical authority is
often responsible for conducting monitoring and forecasting activities and subsequently distributing the
warning to those at risk.

While there have been large advancements in meteorological forecasting capability with Numerical
Weather Prediction (NWP) (Bauer et al., 2015), and thus improved flood forecasting ability, prediction
of floods driven by localised convective rainfall remains challenging. Even when conducive weather is
identified via NWP the lead time between identification and the flood occurring can be short due to
their rapid onset (Flack et al., 2019). Some NWWP models can now resolve local convection; however, such
models are computationally intensive, costly, and thus not available to all (Zanchetta and Coulibaly, 2020).

Closely linked to people-centred approaches to EWS is the concept of the ‘human’ element in early
warning (Hamza and Mansson, 2019).This concerns the non-technical parts of the system, including risk
perception, preparedness and response capability. These aspects rely on the perceptions, behaviours and
actions of people and can result in the failure of a system is not correctly considered. However, Perera et
al. (2019) identify that they tend not to be as well developed as technical components in both developed
and developing countries. This can create issues for the end-to-end nature of the system by creating gaps
and resulting in poor EWS performance.

Multi-hazard EWS (MHEWS) concern more than one hazard. While EWS have traditionally addressed
a single hazard, MHEWS have gained increasing attention in recent years. One of the primary targets of
the Sendai Framework for Disaster Risk Reduction 2015-2030 is to ‘substantially increase the availability
of and access to “Multi-Hazard Early Warning Systems” and disaster risk information and assessments to the
people by 2030’ (United Nations, 2015).The rationale for the use of MHEWS is that they more effectively
account for hazards that occur at the same time, or where secondary hazards are triggered as a result of
a first. Multi-hazard EWS can be more efficient, by using the same mechanisms for various hazards, as well
as delivering more consistent messages for the receivers (UNDRR, 2020).

Several factors have been identified that contribute to effective MHEWS. Such factors relate to an
effective governance system, including political recognition, resource provision, clearly defined roles
and responsibilities of actors, awareness raising and training, and mechanisms for feedback and future
improvement (Golnaraghi, 2012; Hemachandra et al., 2019).
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Suitable governance and decision-making procedures are essential to the effective operation of an EWS,
and MHEWS in particular. There needs to be robust linkages between each aspect of the EWS to ensure
integration and maintain the end-to-end nature of the system.This requires different stakeholders to work
together (Basher, 2006). In transboundary river basins this is especially important, where information from
one jurisdiction can be critical for effective forecasting and warning (Luther et al., 2017).

However, several governance challenges have been identified that hinder the effective operation of EWS.
Such challenges include: differing views on responsibility, needs and expectations between stakeholders
(Scolobig et al., 2015), a lack of political support (Basher; 2006; Hemachandra et al., 2019) and poor
communication between vertical levels of governance (Dutta and Basnayake, 2018; Perera et al., 2019).

Governance issues can also challenge the use of people-centred approaches. In a review of people-
centred disaster management, Scolobig et al. (2015) identify ‘changing interactions among stakeholders'
as one of the key challenges facing their application. In order to achieve greater people-centred-ness, the
authors recommend that decision making power should be shared, with greater public involvement and
that legal frameworks should be more flexible to allow this.

One common tool for setting out how EWS will be operated are Standard Operating Procedures (SOPs).
They set out responsibilities and actions of the different involved agencies to guide the smooth operation
of the process. In Asia, Dutta and Basnayake (2018) identify that while SOPs for EWS tend to be present,
they are not always tested or updated frequently.
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Each of the following sections discusses the main elements of an EWS (risk knowledge, monitoring and
warning [including forecasting and prediction], dissemination and communication, and response capability
[including preparedness] — see section 3.2), with a focus on how they are conducted, and the governance
arrangements that support them. The institutional framework and multi-hazard approaches are also
covered as key cross cutting issues.

There are several risk assessment tools available that support the risk knowledge element of early warning.
This section briefly describes some of the platforms available nationally.

INnaSAFE is an open-source software that was developed by BNPB in collaboration with the Australian
Government and the Global Facility for Disaster Reduction and Recovery (GFDRR). The software is
designed to provide impact scenarios for a range of hazards for planning purposes. It has been used for
disaster risk assessments and contingency planning for various provinces in Indonesia (Mujiburrahman,
2018; InaSAFE, 2021).

INAWARE is a decision support tool that provides hazard monitoring and early warning for disaster
management agencies (not publicly available) at national and provincial levels. It brings together
hazard information from difference sources in support of collaboration and disaster decision making
(Mujiburrahman, 2018). INAWARE was developed with support from USAID/OFDA and the Pacific
Disaster Centre (BPBD, 2021).

InaRISK is a mobile application which is available to the public. It provides information from disaster risk
assessments on areas that are disaster prone and potential losses and damages. Data are presented in
map form.The application includes a flood hazard map which indicates flood hazard as an index (low-high)
layered on the map (Widjaja, 2018).

Weather forecasting in Indonesia is conducted by the national Agency for Meteorology, Climatology
and Geophysics (BMKG). The Agency provide three-day forecasts which are publicly available via the
agency's website and mobile application. A study by Perdinan et al. (2020) indicates that the precipitation
occurrence forecast has good accuracy (75-77%), but for rainfall amount the accuracy is lower: In terms
of warning, BMKG provide alerts for extreme weather events which can be accessed online (Susandi et
al., 2018).The agency also supplies a flood potential map on the website. However, they do not provide
watershed specific data (Perdinan et al., 2020) and the webpage is currently not in operation.
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MHEWS is another online platform hosted by BNPB (BNPB, 2021). The website provides access to
three-day weather forecasts, InaRISK risk assessments, as well as a combined hazard prediction feature
for hydrometeorological hazards (extreme weather, floods and landslides). Hazard prediction is provided
by combining InaRISK maps with weather forecasts. Weather prediction comes from downscaled WRF
(Weather Research and Forecasting Model) and is verified by data from BMKG. MHEWS has four warning
levels (‘no alert, advisory, watch and warning'). Currently, however, MHEWS is only used by BNPB for
‘vigilance and preparedness’, as the system is still being developed (Susandi et al., 2018; BNPB, 2021).

Jakarta has its own flood forecasting system, known as J-FEWS (Jakarta Flood Early Warning System), that is
operated by PusAir, Ministry of Public Works (van Heeringen, 2020). ]-FEWS uses the Delft-FEWS system,
designed by Deltares (Netherlands). Delft-FEWS is a data handling platform which integrates different
types of data for the purposes of flood forecasting (van Loenen et al., 2014). ]-FEWS uses meteorological
and hydrological telemetry observations and radar with remotely sensed satellite data and precipitation
forecasts (ECMWEF, GFS) (van Heeringen, 2020), and makes use of Delft-3D and SOBEK models. The
system also uses a coastal model of the South China Sea which enables storm surge forecasting. The
system provides river discharge and storm surge forecasts for up to five days ahead (van Loenen et al.,
2014).

J-FEWS has recently been combined with a FloodTags component. This enables reports of flooding,
retrieved from the public via Twitter, to be incorporated into the system. This helps to provide real-time
reports of ongoing flood events (Deltares, 202 1).

The effectiveness of the ]-FEWS system was called into question, however, during the severe floods of |+
January 2020. van Heeringen (2020) states that the system failed to provide a warning, with forecasted
rainfall volumes only half of that actually experienced. It was found that the system had a hard-disk error
which prevented it working correctly. They also suggest that the organisation of operational forecasting
could be improved.

In addition to J-FEWS, an integrated FEWS for Jakarta was developed in 2008 by the Bandung Institute
of Technology, Jakarta Provincial Government and the Asian Disaster Preparedness Centre (ADPC).The
integrated element indicates that the initiative addressed both the technological (‘structure’) and human-
based elements of the system (‘culture’). To increase lead time, the initiative aimed to assimilate BMKG
forecasts into the system, with BMKG sharing warnings of extreme weather with the Jakarta Crisis Center
who was responsible for disseminating them. This was designed to enhance the lead time of the existing
FEWS, which relied on the monitoring of water levels at water gates along Jakarta's rivers. In addition, the
programme also aimed to enhance the ‘culture’ aspect of early warning with a series of community-based
initiatives to raise awareness and increase preparedness, addressing gaps caused by the perceptions and
attitudes of residents, socio-economic conditions, and so on (lglesias, 2010; Rahayu and Nasu, 2010).
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A coastal inundation forecasting system has also been developed for Jakarta and Semarang underthe Coastal
Inundation Forecasting Demonstration Project (CIFDP). The system has been tested in a demonstration
phase (2013-2018) with plans to make the system operational. There are further plans for the system
to be linked with the tsunami EWS, contributing to a multi-hazard approach. The demonstration project
was funded by BMKG and The Netherlands Government. Staff from BMKG have undergone training
for operation of the system, and it will be part of their meteorological forecasting system (WMO, 2019;
BMKG, no date).

Two local flood monitoring and warning systems for river basins in Java have been developed, including
Bengawan Solo (East Java) in 2015 and the Citarum River (east of Jakarta) in 2017. The systems were
established under the FEWEAS (Flood Early Warning Early Action System) initiative by the International
Federation of Red Cross Red Crescent (IFRC) in partnership with Red Cross Indonesia (PMI), Zurich, the
Institute of Technology Bandung and other relevant authorities (IFRC, 2017).

The FEWEAS system is a web application that provides weather forecasts (up to ten days) and flood alerts
(up to three days ahead) as well as real-time updates. State owned water companies (Perum Jasa Tirta),
who operate automatic rainfall and river level gauges, provide observations, which are used alongside
satellite data. FEWEAS is used by local governments and authorities in the Citarum and Bengawan Solo
areas (IFRC,2017).These systems are often judged to perform relatively well, but they are limited to these
river basins only (Perdinan et al., 2020).

For monitoring and warning in the CRB, there are telemetry systems in place along the river which have
various operators (van Loenen et al., 2014).Vitadhani et al. (2020) reports that there are 37 monitoring
points along the Ciliwung between Katulampa and Jakarta. Some are automated, while 15 of these points
still use manual monitoring through visual measurements and radio communication. The monitoring system
is noted to be useful for detecting floods that originate upstream. However, it does not provide sufficient
lead time for warning of localised flooding events. In addition, the manual system is also not well integrated
with the wider ]-FEWS system (van Loenen et al., 2014).

There is also evidence that residents of the CRB have their own self-supported EWS, where community
members communicate with sluice gate keepers via walkie talkie and pass messages on to others (van
Voorst, 2014; Padawangi and Douglass, 2015). Further details of this can be found in Clegg et al. (2020).

At the national level, the majority of risk assessment and forecasting tools are available online or via
a mobile application. This allows the public and authorities to access risk information freely. However,
Sunarharum et al. (2020) indicate that a lack of knowledge and technical capacities among residents in
flood prone areas may mean that they are not able to access, or effectively use, online warning information.

There are however other forms of warning communication used. Riama et al. (2021) conducted a survey
in North Jakarta regarding residents’ views on coastal flood warning. The survey found that 44% of
respondents gained warning information from the media (newspaper, television) and online. Twenty eight
percent of respondents to the survey reported that they get warnings from natural signs, while 27% relied
on messages from family, neighbours and local authorities.

January 2022
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For communicating warnings in the CRB, BPBD Jakarta advise evacuation when the flood gauges indicate
a flood is imminent. BPBD contact community leaders who then further disseminate the warnings via
loudspeaker (Sunarharum et al., 2020).

FEWS development programmes, such as the integrated-FEWS for Jakarta (Rahayu and Nasu, 2010)
(see Section 4.4.2), have incorporated community-based activities to enhance the human aspects of the
system. For example, the initiative included training programmes with community-based organisations and
representatives, and the development of risk maps and evacuation plans by community members with the
guidance of a disaster management expert (Iglesias, 2010).

Despite such efforts, several issues have been identified that negatively impact preparedness and response
action. At the planning level, Perera et al. (2020) notes that contingency plans are in place in Indonesia for
emergency situations. However, they are not frequently tested or widely used. The authors also identify
that there is insufficient coordination among the authorities responsible, which hinders response. Another
challenge facing effective preparedness and response is the perceptions of flood prone residents. For
example, in Jakarta, Sunarharum et al. (2020) suggest that residents often view floods as something that
is common to everyday life, and that can be easily dealt with. Direct communication between responsible
authorities and communities is also a potential issue affecting preparedness and response. There is no
programme in place for raising awareness among the public in Indonesia (Perera et al., 2020). There is
also a lack of common views between authorities and communities, and a lack of knowledge among
those at risk, which may negatively impact communication, having knock-on effects for response action
(Sunarharum et al., 2020).

The primary law for disaster management in Indonesia is the Disaster Management Law (24/2007). The
Law highlights that early warning is a key activity in disaster situations (Republic of Indonesia, 2007). Early
warning, as referred to in the Law, should include the following: a. Observation, b. Analysis of results
from observations, c. Decision making by the authorities, d. Dissemination of warning information, and e.
Community actions (Republic of Indonesia, 2007).

Government Regulation 21/2008 on disaster management expands on the Law's early warning
requirements. Here, early warning is considered as an element of a 'situation with potential disaster’ along
with ‘alertness’ and ‘disaster mitigation’. According to the Regulation, authorised agencies should carry out
alertness activities, including the “organisation, installation and testing of early warning system”.The EWS
procedure is set out in the Regulation as follows: authorised agencies shall conduct observations, along
with the community, these agencies then submit their analyses to BNPB/BPBD for decision making. Once a
decision has been made, the warning is disseminated by government, private broadcasting and mass media.
BNPB/BPBD then coordinate community action (Republic of Indonesia, 2008).

In recent years the Government of Indonesia have increasingly recognised the importance of MHEWS.
This is evidenced by initiative such as the MHEWS platform that provides hazard warnings for various
hydrometeorological hazards (see Section 4.3.2). However, Mujiburrahman (2018) contends that EWS
functions remain distributed across different authorities, which is not in support of a fully integrated
approach.
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For comparison and greater depth of understanding of EWS processes, this section provides examples
of FEWS from the European context. Europe was chosen as it is highly flood prone, has a long history of
flood management, and has benefited from significant investment in FEWS over recent decades. Therefore,
useful insights may be gained.

The European Flood Awareness System (EFAS) was specffically designed for flood forecasting in
transboundary basins. It was aimed at addressing the problem of information sharing across borders
where it is needed for forecasting (Thielen et al., 2009).

EFAS provides forecasted streamflow by cascading a meteorological ensemble forecast through a
deterministic hydrological model. Warnings are issued when “(i) the probability of exceeding the 5-year
return period discharge reaches critical values and (i) results are confirmed by the two following ensemble
forecasts” (Pappenberger et al., 2015). Warnings are not disseminated publicly, but to a network of 48
national hydrological and meteorological services in the EFAS network, both directly and through an
online portal. These authorities then distribute the warnings to other users and the public. This is to ensure
warnings are consistent with other nationally provided flood warning information (Smith et al., 2016).

Meteoalarm provides public access to Europe-wide meteorological hazard warnings, including an indication
of precipitation events with a risk of flooding. The platform collects warnings from national meteorological
services and presents them as a Europe-wide colour coded map (Alfieri et al, 2015). Meteoalarm is
available online (Meteoalarm, 2021).

EU Metnet (European Meteorological Services Network) is a collaborative group of 31 national
meteorological services from across Europe. They collaborate on activities and initiatives. EU Metnet
allows significant issues to be addressed through collaboration, where otherwise resource constraints may
have prevented it. For example, much of Europe’s weather originates in the north Atlantic and therefore,
EU Metnet partners jointly implemented a monitoring system for the north Atlantic to improve their
weather prediction systems.This is something that would not have been possible without this collaborative
effort (EUMETNET, no date).
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In England, the Met Office (MO) and the Environment Agency (EA) are the primary national agencies for
weather forecasting and flood management respectively. Following the severe floods of 2007, a need for
a more integrated approach was identified and a joint body between the EA and MO was established
— the Flood Forecasting Centre (FFC) (Pilling et al., 2016). The FFC provide forecasts for fluvial, coastal,
groundwater and surface water flooding types.

For fluvial flooding, the FFC use a grid-to-grid model, which provides spatially and temporally complete
forecasts across England and Wales (Pilling et al., 2016). The model uses precipitation forecasts provided
by the MO, and observations from the EAs network of gauges. The national forecast from the FFC is in
addition to local flood forecasting models. The local models provide more accurate forecasts calibrated for
specific locations. While the grid-to-grid model forecasts are not as accurate, they complement the local
models by providing a national overview (Environment Agency, 2017).

In terms of warning products, the FFC produce a daily Flood Guidance Statement for registered Category
| and 2 Responders.The Flood Guidance Statement provides a flood risk five-day look ahead. This enables
emergency services to prepare resources in advance of a flood (Price et al., 2012; Environment Agency,
2017). Flood risk is communicated using a risk matrix of impact and likelihood giving a risk level from very
low (green) to high (red) (Flood Forecasting Centre, 2020). A public flood forecast is also provided, which
is distributed by the EA (England) / Natural Resources Wales (Flood Forecasting Centre, 2020).

For localised surface water flooding, the FFC provide a Surface Water Flood Risk Assessment (SWFRA) to
local authorities, who are responsible for the management of local flooding. Ochoa-Rodriguez et al. (2018)
conducted a survey of local authorities to identify their perceptions of the surface water flood guidance
provided. Overall, the SWFRA was perceived to be useful for giving an overview of flood risk. However,
it has a large resolution and therefore can be uncertain in the local context. The study’s respondents
suggested that the FFC forecast could be combined with a more localised system for areas prone to
surface water flooding. However, local authorities generally do not have the technical capacities to operate
such localised systems, which poses a challenge.

For flood risk knowledge, the Government provide an online tool where it is possible for the public to
check long term flood risk by entering a postal code or town. The tool presents a map with areas at risk
of flooding marked. This enables citizens to understand if they are living in an area prone to flooding (UK
Government, 2019).

Flood warnings are disseminated to the public via TV news and weather reports, web, and through the
FloodLine telephone service. Flood risk levels are provided for regions of England and Wales with a five-
day outlook. Risk levels are traffic light colour coded from very low to high risk. There are then three
levels of flood warnings flood alert’, flood warning’ and ‘severe flood warning’. Each flood warning level is
linked to an action ‘prepare’,‘act’ and ‘survive’ respectively. Linking warnings to action is thought to improve
response (UK Government, 2021).
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In contrast to the centralised FEWS in the UK, Germany has a decentralised system across its federal
states.

The German national weather service (DWD) is responsible for issuing severe weather warnings, while
the sixteen federal states (Lander) are responsible for provision of flood warnings and response actions in
their jurisdiction. The Saxon Flood Centre, for example, give warnings for all major rivers in the state. They
communicate flood warnings to other FRM authorities, as well as flood risk and peak flow information to
the public via their website (Kuhlicke et al., 2019).

The decentralised governance arrangements mean that there are many flood warning centres, and
there can be multiple centres along a single river that crosses state borders. For example, there are six
forecasting centres along the Moselle River alone (Demuth and Rademacher, 2016).The large number of
separate forecast operators could potentially create issues in delivering timely warnings. However, some
solutions have been developed to address this. Firstly, for monitoring, there is a large monitoring network,
but it has different operators, such as the state water management agency, agriculture, environment and
forestry, private and so on. This could lead to issues sharing data. However, automation of the network has
made data exchange between operators easier, and therefore a dense monitoring network can now be
utilised (Demuth and Rademacher; 2016). Furthermore, the federal state forecasting centres have varying
protocols, and data management and forecasting systems. This means that data may not be compatible and
initially, there were issues sharing data. It was also difficult to establish common data standards between
them. However, the centres collaboratively funded an initiative to develop conversion scripts, which has
enabled greater data sharing. The forecasting centres also hold annual meetings in support of the sharing
of knowledge and experiences (Demuth and Rademacher, 2016).

In addition to warnings provided by the Lander, there is also a publicly available online portal,
Hochwasserzentralen, which provides the statuses of river gauges across the country (Hochwasserzentralen,
2021).The site links to the webpages of each German state and DWD where further information can be
found. The site helps to provide a national overview and a basin wide view of flood events (Thieken et
al., 2016). In some instances, the status of gauges in neighbouring states is also given, providing additional
transboundary information (Hochwasserzentralen, 202 1).

To support national level response there is a joint reporting and situation centre (GMLZ) of the federal
office for civil protection and disasters (BKK). The purpose of GMLZ is to provide situation and resource
management, and act as a national contact point (BKK, 2021). GMLZ acts for various disasters, not only
floods, supporting a multi-hazard coordination. The establishment of GMLZ is thought to have improved
collaboration and response in recent flood events (Thieken et al., 2016).

Due to Germanys location, many of its rivers cross international boundaries meaning that data from
other states is required for flood early warning. In some instances, data exchange mechanisms have been
established, along with collaboration on joint warning systems in some cases (Demuth and Rademacher,
2016).
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The aim of this systematic review was to identify the current arrangements for flood early warning in
Indonesia, Jakarta and the CRB, and to compare them with examples from Europe. The review broadly
described arrangements for the four elements of early warning (risk knowledge, monitoring, forecasting and
warning, dissemination and communication and preparedness and response), each of which is discussed
here.

Regarding risk knowledge (Section 4.1), the review found that there are several tools in place designed to
help authorities and the public understand natural hazard risk. These take the form of online platforms or
applications. The tools enable the assessment of different hazard types, supporting a multi-hazard approach.
However, with the tools primarily accessed online, there is a potential issue that not everyone at risk may
be able to access or use the tools (Section 4.4).

There is also no shortage of monitoring, forecasting and warning tools available. With various systems
available at different scales. Weather forecasts and broad hazard predictions are available country-wide
(Section 4.2), while there is additional forecasting for Jakarta, as well as monitoring networks in place in
specific river basins (Section 4.3). The systems vary in their sophistication, from technological modelling
and forecasting initiatives, to manual monitoring systems. Development of the systems would appear to
have received significant investment, sometimes from international organisations and charities. Tools such
as MHEWS (Section 4.2.2) also demonstrate a push towards a more multi-hazard approach. It is, however,
unclear how well integrated the various systems are, or whether they work together.

Regarding communication and dissemination, it would appear that more recently developed tools use
the internet as a primary means of dissemination. However, there is evidence of other warning channels
(Section 4.4).This is positive, as multiple warning channels are considered beneficial for reaching all those at
risk. [t may be important to maintain other forms of warning communication, as vulnerable people may not
have the facilities to access warnings online.The interconnectedness of the various warning and forecasting
systems is important, as the multitude of systems may impact the ability to create one trusted voice when
communicating warnings. Again, it is unclear how this plays out during an event from this review.

For preparedness and response there appear to be plans in place for evacuation, although it is suggested
that these are not frequently used or tested (Section 4.5).The perceptions of those at risk and relationships
with authorities may also present barriers to effective preparedness and response. In line with general
research on EWS, it would appear that in Indonesia the human elements of the system, dissemination
and communication, and preparedness and response, appear to have received less attention than the
technological aspects and are therefore the potential weak points in the end-to-end system.

Overall, this review suggests that it is not a lack of EWS that is creating difficulties, as there are various
systems in place. It is, on the other hand, potentially a symptom of how the systems are organised and
how procedures are conducted. The systems are often operated by different organisations, using different
technologies, and it is not clear how well the different systems link together. The linkages between the
systems will be of importance for achieving fully integrated end-to-end, multi-hazard approaches (Basher,
2006; WMQO, 2018). In addition, this review also does not indicate whether the systems available are
meeting the needs of users, or whether they are delivering a sufficient quality of warning. The human
aspects of the system would also appear to require further work, so that they do not present weaknesses
(Section 4.5). It is also not clear how well linked the four aspects of the system are, or whether a suitable
end-to-end mechanism is in place. The review indicates that further comprehensive research is needed
to gain a complete picture of how flood early warning is conducted so that challenges may be addressed.

The report also presented some key examples of FEWS in Europe (Section 5). The UK and Germany
present two contrasting approaches to early warning provision. The UK has a more centralised approach,
while the German system is decentralised. While the needs and systems between Europe and Indonesia
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are different, Europe appears to have made greater efforts to integrate systems and demonstrate more
joined up working. In the UK the FFC is an example of a joint initiative (Section 5.2), while in Germany
the state forecasting centres have made increasing efforts to work together (Section 5.3). There are
also networks between German forecasting centres, as well as wider networks, across Europe such as
EUMetNet (Section 5.1.3).

It should be noted that this report is based on a literature review of the English language literature only
and as such, it may not be fully comprehensive. However, the report identifies several questions for future
research related to the four elements of early warning (UNISDR, 2006, WMO, 2018). Future research
on these questions will establish more precisely the nature of the issues identified in this review, and will
support answering the question: how can weather monitoring and forecasting for extreme events (local rain)
and real time river monitoring be better integrated into a standard operating procedure to strengthen end-to-
end flood risk early warning and decision making for the Ciliwung River?

*  How well integrated are the different risk assessment tools? Can they be linked more effectively?
* Are the risk knowledge products available meeting the needs of the users?

* Is available risk knowledge information being effectively utilised?

*  How well integrated are the various warning and forecasting systems?
* How do users perceive the different systems available? For example, do they prefer certain systems?

* How might greater networking and cooperation between different warning agencies be achieved?

* Are current communication channels reaching all those at risk?

* How do recipients currently perceive the warnings that are provided?

* Are current response plans effective?

*  How might preparedness and response be strengthened, including attitude changes among those at
risk?

The future research questions are summarised in relation to the elements of early warning in Figure |.The
figure conveys the conceptualisation of EWS as four interrelated elements (risk knowledge, monitoring and
warning, communication and dissemination and preparedness and response capability) with four cross-
cutting issues (governance, multi-hazard approaches, diversity and community involvement) (originally
set out by UNISDR (2006) and outlined in this report in Sections 3.2 and 3.3). It should be noted
that UNISDR (2006) and WMO (2018) provide comprehensive checklists for assessment of the four
elements of early warning which may be used to understand the elements more broadly. The questions
highlighted in Figure | are identified as pertinent questions for research in the Indonesian context based
on the literature review. Further discussion of each element in the Indonesian context can be found in
the following sections: Risk knowledge (4.1), monitoring and warning (4.2 and 4.3), communication and
dissemination (4.4) and preparedness and response (4.5). The two cross-cutting issues of governance
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and multi-hazard approaches are given in sections 4.6 and 4.7 respectively. Diversity and community
involvement cut across Sections 4.3.2, 4.4 and 4.5 and are discussed in more depth in Clegg et al. (2020).

Figure I. The four elements of early warning (blue box) with cross cutting issues (yellow) and key
questions for assessment in the Indonesian context (grey). Four elements and cross-cutting issues based
on UNISDR (2006);WMO (2018).
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