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1 INTRODUCTION 

 
The present report describes the overall master plan for an Early Warning System 
(EWS) for floods and droughts in the ten pilot districts and constitutes deliverable #10 of 
the project. The master plan focuses on the following key aspects: institutional aspects, 
functional aspects and technical design aspects. The EWS master plan forms the basis 
for the implementation of a EWS for the pilot districts and is deliverable #10 of the 
contract. 
 
The early warning system for floods and droughts is a key part of the CREW project that 
is expected to contribute significantly in disaster risk reduction. 
 
This report starts with a description of the envisaged early warning system. The above 
mentioned aspects (institutional, functional and technical) are elaborated in subsequent 
chapters. The report ends with an overview of suggested future improvements.  
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2 MASTER PLAN 

 Goal 2.1

Goal of the early warning system is to create the essential time for authorities and 
communities to react to a developing situation, which can be either flood or drought 
related. More accurate information will lead well-founded decisions which will have a 
significant positive impact on the health and well-being of Ghanaians as well as on the 
country’s economic development. The sooner accurate information is available the 
better it is, as this increases the response time and thus the time for communities and 
authorities to act. 
 
 

 EWS Ghana and current forecast systems in Ghana 2.2

The GAP analysis report (Royal HaskoningDHV, 2015) gives an overview of the disaster 
forecasting or warning procedures that are in place in Ghana at this moment: 
• Regular weather forecasts from GMET are available on radio, television and 

Internet. In general, these forecasts are not considered to be very accurate.  
• Warning from the Burkinabe government of Bagre dam spilling is provided about 2 

weeks before the spilling starts.  
• VRA provides a warning when spilling of the Akosombo dam is expected.  
 
Several initiatives exist in Ghana that target improved forecasting. A flood early warning 
system for the White Volta commissioned by the World Bank was implemented at WRC 
and HSD. Unfortunately, this system is not operational at this time, because a key 
hydrological station was washed away. Other initiatives are being developed in Ghana. 
Some of the more promising ones are described in chapter 6. 
 
In general, the current flood and drought disaster management in Ghana is reactive 
instead of being pro-active. There are several reasons for this, the most important of 
which is the fact that there is no operational forecasting and warning system at this 
moment.  
 
The early warning system developed by CREW (CREW-EWS) is the first flood and 
drought early warning system in Ghana. CREW-EWS is to be considered as a pilot 
project, starting with early warning for ten pilot districts. 
 
This master plan not only describes how CREW-EWS will be implemented, it also forms 
the basis for future improvement and expansion of the system, in order to realise 
sustainable early warning for flood and drought disasters in Ghana.  
 
 

 Overview of EWS  2.3

Figure 1 gives a schematic overview of the standard early warning system components. 
Each of these components is presented in more detail below.  
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Figure 1: Schematic overview of an early warning system 

 
Detection 
To be able to make forecasts of floods and droughts both hydrological and 
meteorological data are essential. This can be world-wide, regional or even local data. 
The following data aspects are important for the EWS system (i) the data should be 
informative for either flood/drought, (ii) the data should be accurate and (iii) the data 
should be available in near-real time.  
 
Within this project a first version of the CREW-EWS system is developed based on data 
that is freely available from reliable international institutes. Within the pilot districts 
additional data is added. This robust basic early warning system ensures the 
sustainable operation of the system, makes early warning in Ghana sustainable and 
provides a good starting point for future improvements. Chapter 4 elaborates on this 
subject. 
 
Forecasting 
Basic data gathered by the detection component has to be translated into information 
that provides indicators for either floods or droughts. This translation requires knowledge 
on local flood and drought mechanisms. Within this project a method for flood and 
drought forecasting is implemented that uses scientific flood and drought mechanisms, 
indigenous knowledge-based flood or drought indicators and feedback from 
observations on floods and droughts. 
 
Warning 
The early warning system should not only forecast a disaster, but also provide a warning 
for it. Threshold values for the flood and drought indicators ensure that timely warnings 
for different severity levels of floods and drought can be generated. The following 
aspects are important to consider in defining the threshold levels: the false alarm rate, 
i.e. warnings that are generated while this was not necessary, should be as low as 
possible because otherwise people lose confidence in the system. Consequently the 
public might not respond anymore when a real threat is imminent. On the other hand 
thresholds should not be set too high because this could lead to a warning being 
generated too late when a disaster is already happening. Defining correct thresholds 
values can be considered as an important and necessary trial and error process.  
 
Initial threshold levels will be implemented based on historical events and information 
gathered during the field visits. These threshold values should be validated and 
calibrated once the system is operational.  
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The above mentioned components are implemented in a forecasting system that is 
based on the Delft-FEWS software. The most important outcomes and information are 
disseminated through a user-friendly web-based dashboard. 
 
The web-based dashboard summarises relevant information provided by Delft-FEWS 
and disseminates the data to the relevant authorities on national level, regional level and 
district level. A schematic overview of the software architecture and users is given in 
Figure 2. Chapter 5 elaborates further on the architecture and other technical aspects. 
 

 
Figure 2: EWS software architecture 

 
Response 
The response component is technically not part of the EWS, but the next step after the 
EWS generates a warning. In fact the response can be considered the most important 
aspect of the early warning system as it concerns actions that lead to a reduction of 
casualties and material losses resulting from a (forecasted) disaster.  
 
In CREW-EWS warnings are provided to the regional and district NADMO offices that 
warn local community members and other stakeholders during disasters like the local 
fire and police departments. 
 
The dissemination procedure of warnings from the NADMO district offices to local 
stakeholders is not detailed in this project because this needs to be implemented within 
the scope of control of the NADMO organisation. It is strongly recommended that each 
NADMO region and/or district draws up a disaster response plan which incorporates the 
following aspects: 
• Response procedure for different warning levels (each level asks for a specific 

response); 
• Description of the tasks and responsibilities of the stakeholders involved; 
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• Support of NADMO staff / community members to warn local community members 

or industries; 
• Involvement of emergency services like fire and police departments, hospitals etc.; 
• The means of communication to reach community members and emergency 

services (e.g. radio, personal communication by local officers, drums, public speaker 
systems etc.); 

• Hazard, vulnerability and risk maps that were developed for the 10 pilot districts 
within the project.  

 
The procedures described in the plan should be regularly tested during training 
exercises so all stakeholders get familiar with the procedures and procedures can be 
improved based on the experience gained. 
 
The NADMO organisation is charged with the development and implementation of the 
districts’ disaster response plans. 
 
Feedback and validation 
Once the system is operational a process of learning, validation and improvement 
begins for the different components of CREW-EWS (see Figure 1): 
• Field officers record all flood and drought events and forward their reports to 

NADMO head office in Accra to be registered in the disaster database. The forecast 
specialists will use this data to validate the EWS outcomes and, if needed, correct 
warning threshold values. This feedback and validation procedure is an essential 
part of the CREW-EWS approach that is also part of the training sessions.  

• Feedback and validation from the field can also provide new and improved insights 
in forecast models and routines. It is proposed to include this feedback in the cyclic 
improvements described in the policy briefing note. See also chapter 6 that contains 
a review of recommended future improvements to the system. 

• Feedback and validation can lead to the realisation that additional disaster detection 
data is required. This is also further described in chapter 6.  

 
To summarise, future disasters are needed to validate and calibrate the EWS system. 
This feedback loop is an important aspect to keep the system up to date. 
 
 

 Sustainability  2.4

Sustainability of CREW-EWS depends on several aspects: 
• Capacity and organization of relevant institutes. The institutes important for CREW-

EWS are:  
o NADMO: overall control of the EWS system. Implementing partner, 

responsible for the setup and maintenance of the system; responsible for 
collection and processing of feedback from the field.  

o GMET: detection component - meteorological data and expertise; use 
feedback from the field to calibrate the meteorologically-based threshold 
levels.  

o HSD: detection and forecast component - hydrological data and expertise; 
use feedback from the field to calibrate the hydrological threshold levels. 

o WRC: link with legal and policy-based aspects. Implementing partner of 
World Bank financed White Volta flood early warning system. Contact with 
cross-border basins. 
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This project proposes different tasks and responsibilities for each institute and 
specific functions related to this. It is emphasized that the institutes should ensure 
implementation of any organisational changes necessary. The institutional aspect is 
further described in chapter 3.  
 

• Training: All relevant stakeholders will receive training during the project on topics 
such as EWS concepts, EWS operation and EWS maintenance. Both local and 
national level stakeholders will be trained. Reference is made to the detailed training 
program for more details on training sessions.  
 

• Maintenance, support and updates: The previous paragraph already mentioned 
validation of the EWS thresholds from field observations and other ways to improve 
the EWS components. It is stressed here that general system maintenance, regular 
system updates and proper testing are essential for sustainable implementation of 
EWS. Not all of these aspects are covered by this project. Chapter 6 describes 
maintenance and support issues in more detail.  
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3 INSTITUTIONAL AND ORGANIZATIONAL ASPECTS 

 Tasks and responsibilities 3.1

The institutes in Ghana that are involved in specific components of the early warning 
system and that are essential for a successful implementation and future operation of 
CREW-EWS are presented in Table 1. This table also shows the tasks and 
responsibilities with respect to operation of the EWS. These tasks have been defined 
based on experience gained on other EWS implementations and on an analysis of the 
relevant institutes and EWS initiatives in Ghana. It is strongly recommended to define 
official mandates in order to embed the CREW-EWS related tasks and responsibilities in 
the Ghanaian law and policies.  
 
Table 1: Tasks and responsibilities concerning EWS 

Institution Tasks/responsibility 
NADMO • crisis information management 

• setup disaster response plan at national and pilot 
level scale 

• definition and coordination of dissemination 
procedures 

• Hosting of EWS (Delft-FEWS and Dashboards) 
• maintenance of EWS  

GMET • Provide meteorological measurements 
• Assess quality meteorological measurements 
• Assess quality meteorological forecasts 

HSD • Provide hydrological measurements 
• Assess quality hydrological measurements 
• Assess quality hydrological forecasts 

WRC • Support HSD until HSD has sufficient capacity  
• Link with policy and legal embedding  
• Manage cross-border information exchange 

 
Figure 3 below shows a schematic overview of the organizations involved in the early 
warning system related to the different components: GMET and HSD are respectively 
responsible for meteorological and hydrological measurements and forecasts if 
available. The warnings and alerts produced by CREW-EWS are made available to the 
NADMO offices in the relevant regions and districts. In the districts the information has 
to be disseminated from the NADMO office to local communities and other organizations 
that have to be alerted (e.g. fire and police departments, hospitals etc.). The 
dissemination procedure should be laid down in a district disaster response plan. 
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Figure 3: Organisations involved in the early warning system 

 
 

 Working procedures EWS operation 3.2

Operation of the EWS is different when comparing a normal day to day situation with a 
threat or disaster situation. Especially during flood threats, direct and swift action should 
be taken. In these situations it is essential that all relevant stakeholders know exactly 
what to do. Drought threats require less immediate action, as drought is a relatively slow 
process. The CREW-EWS working procedures during a flood threat or disaster are 
presented below. 
 
 

3.2.1 Normal situation procedure 

The working procedures for CREW-EWS that should be followed during a normal 
situation are as follows: 
 
EWS software automatically imports data and runs the forecasting routines whenever 
new data is available, which normally is half-hourly.  
 
GMET carries out a meteorological assessment every day, 7 days a week. This at least 
includes: 

• Determine weather forecast, which is part of their normal work, and assess the 
general meteorological situation in Ghana.  

• Check meteorological data in Delft-FEWS, specifically related to the pilot areas 
• If the meteorological data in Delfft-FEWS differs significantly from GMET’s data, 

interpret the forecast and warning.  

Detection 

Response 

Warning 

Forecast 
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• Communicate the potential differences between GMET interpretation specialist 
and FEWS forecast with NADMO EWS duty officer. 

 
HSD validates the telemetric hydrological data every working day to monitor proper 
functioning of the automatic gauges that are used as input to the EWS.  
Note: in the initial implementation no suitable telemetric hydrological stations were 
available. 
 
Like GMET, NADMO also has a 24/7 operational centre.  

• The NADMO EWS duty officer in Accra should check the national level 
dashboard at least 2-3 times a day.  

• The NADMO EWS duty officer in the district should check the EWS dashboard 
at least twice every day (morning and evening). This is needed not only to check 
for warnings and alerts, but also for monitoring if the system is still online.  

• Other standard EWS procedures for NADMO include maintenance and control 
of the system and check for proper functioning of the EWS.  

• NADMO district officers are responsible for collecting indigenous knowledge 
signals and making sure these are included in the EWS.  

 
WRC has no formal day-to-day working procedures.  
 
 

3.2.2 Disaster situation procedure 

A threat of disaster situation is a situation where either CREW-EWS generates a 
warning in one of the districts covered, or when observations not included in CREW-
EWS give reason to define a threat. A disaster threat registered by CREW-EWS is 
shown in the dashboard as a warning signal, either orange (medium threat) or red (high 
threat). In case multiple alerts are raised in an area, the dashboard always shows the 
highest alert level.  
 
The working procedures for EWS that should be followed during a (threat of a) flood 
disaster situation are: 
 
GMET working procedures for flood threat or disaster include: 

• When extreme weather is forecasted, GMET alerts and explains the situation to 
NADMO and HSD.  

• GMET checks the meteorological situation regularly (for instance hourly), 
especially related to the pilot districts included in CREW-EWS.  

• When EWS provides a warning, GMET assesses the situation and provides a 
quality assessment of the warning to NADMO and HSD. GMET should also 
assess the situation when CREW-EWS does not provide a warning, but their 
experts and data show that a warning should be raised.  
 

HSD working procedures for flood threat or disaster include: 
• When GMET and/or EWS provides a warning, HSD assesses the water levels at 

relevant hydrological gauging stations.  
• HSD contacts relevant personnel in the field to verify the situation.  
• HSD assesses the situation and provides a quality statement about the warning 

to NADMO and GMET.  
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NADMO working procedures for flood threat or disaster include: 

• When GMET and/or EWS provides a warning, NADMO coordinates the 
discussion between GMET, HSD and NADMO.  

• NADMO duty officer makes sure that the relevant NADMO regional and district 
officers are informed.  

• NADMO contacts relevant personnel in the field to verify the situation depending 
on the level of the threat.  

• NADMO district officer follows the procedures described in the district disaster 
response plan, which will at least include: 

o Check in which area or areas the warning is or are valid.  
o Check when the warning is valid (forecast period).  
o Compare the warnings with the flood risk maps and send field officers to 

the areas under threat to disseminate the warning to the communities at 
risk.  

 
The working procedures for EWS that should be followed during a (threat of a) drought 
disaster situation are: 
 
GMET working procedures for drought threat or disaster include: 

• GMET assesses the output from weather predictions. 
• Based on this assessment, GMET informs NADMO about the duration and 

development of the drought threat. 
 
HSD working procedures for drought threat or disaster include: 

• Monitor the water levels within the district. 
• Based on this, HSD informs NADMO about the water availability from rivers in 

the areas under drought threat.  
 

 
NADMO working procedures for drought threat or disaster include: 

• When GMET and/or EWS provides a warning, NADMO coordinates the 
discussion between GMET, HSD and NADMO.  

• NADMO duty officer makes sure that the relevant NADMO regional and district 
officers are informed about: 

o the current situation as well as the foreseen development based on 
expert judgement from GMET.  

o Water availability information based on expert knowledge from HSD. 
Drought threats develop less rapidly than flood threats and thus the 
frequency of contact between NADMO duty officer and NADMO 
regional/district officers is lower than for flood threat situations. 

• NADMO district officer follows the procedures described in the district disaster 
response plan, which will at least include: 

o Check when the warning is valid (forecast period).  
o Compare the warnings with the drought risk maps and send field officers 

to the areas under threat to disseminate the warning to the communities 
at risk and to inform them about the foreseen development. 
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3.2.3 International flood warning 

WRC has a special role during flood threat situations when they receive warnings from 
international authorities such as from Burkina Faso. WRC will assess the warning in 
consultation with HSD, GMET and NADMO. If alerts are agreed to be disseminated, 
NADMO will follow the same warning dissemination procedure as described above.  
 

3.2.4 Evaluation of threats and disasters  

• NADMO district officers collect flood or drought disasters and send this 
information to NADMO head office, where the information is included in the 
disaster database.  

• NADMO, GMET, HSD together assess how CREW-EWS responded to the 
actual disaster and if needed the warning thresholds are adjusted.  

• When CREW-EWS provided a warning (threat), but a disaster or threat was not 
recorded or verified from the field or measurements (i.e. false alarm), NADMO, 
GMET, HSD together assess how CREW-EWS responded and if needed the 
warning thresholds are adjusted.  
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4 FUNCTIONAL ASPECTS 

 Functional aspects CREW-EWS 4.1

The functional aspects provide insight into the functionality that the EWS delivers. The 
early warning component for floods and droughts is going to be implemented by using a 
basic forecast that is robust and applicable for all areas. Additionally tailor made 
forecasts could have been provided using additional data flows where relevant, if the 
data would have been available at the time of the development of the EWS. All key 
functional features of the EWS are covered by below functional description. More 
specifically, the following paragraphs elaborate on: 
 
• Detection 

o Data inputs: description of the input data sets including formats, temporal 
and spatial resolution. 

o Validation (if relevant): time series are validated for completeness and 
minimum and maximum values.  

 
• Forecasting 

o Data processing: description of data processing for temporal and spatial 
aggregation or disaggregation, gap filling and calculations of average, 
minimum and maximum values.  

o Calculations (if relevant): description of the models and calculations 
including input data and results. Note: no models are developed in the 
current project. 

 
• Warning 

o Thresholds assessment: setting of the level of the thresholds that trigger to a 
warning level (low, medium, high) 

o Presentation: description of the visualisation of the input, processed, and 
calculated data. The description will give attention to the (filter) structure of 
available data sets (how to group and select data sets) and to the type of 
visualization (displays) such as line graph, histogram, map, etc. 

o Indigenous knowledge: there are examples of communities that use 
indigenous information, alongside the scientific information within the EWS 
to define a trigger for potential disaster. CREW-EWS provides the possibility 
to indicate whether there is a warning based on indigenous knowledge. 

 
• Response 

o Dissemination: description of the messages and warnings that the EWS 
provides to the stakeholders. This can be end users at NADMO, 
representatives of governmental organizations and stakeholders in the pilot 
regions. The messages and warnings (including reference and warning 
levels) and the medium for the communication (SMS, website, other 
application) are to be defined. 
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 Detection 4.2

4.2.1 Data  

Key hydro-meteorological data, as well as the characteristics required for flood 
forecasts are: 
• Rainfall 

o Spatial distribution (i.e. rainfall amount per sub-catchment; note: sub-catchments 
can be outside the pilot district) 

o Daily-hourly time step, depending on the response time of the system  
o Real time accessibility 
o Rainfall forecasts (if reliable) increase the lead time 

• Water level measurements 
o Upstream of area of interest 
o Hourly to daily time step, depending on the response time of the system 

 
Key hydro-meteorological data, as well as the characteristics required for drought 
forecasts are: 
• Rainfall 

o Spatial distribution within pilot district 
o Weekly time step 
o Seasonal forecasts can potentially increase the lead time 

• Evapotranspiration 
o Potential evapotranspiration within pilot district (i.e. climate region) 
o Monthly time step 

 
Table 2 below shows the input data that could be used by the early warning system. 
 
Table 2. Input data of the EWS 

Data Parameter Source Resolution Frequency Delay Remark 
TRMM-
RT 

P NASA 30x30km 3-h 6-12 h  

TRMM-
daily 

P NASA 30x30km 1-d 2 mon  

GPM P NASA 10x10km 0.5-h 4-6h Beta 
Global-
PET 

PET CGIAR 1 km x 1 km   Climatology 

Ground 
meteo 

P GMET Point 5 to 10 min 15 min Not accessible 

Ground 
hydro 

h HSD Point 5 to 10 min 15 min Not available 

 
 
Rainfall 
The EWS uses near real-time rainfall data from the NASA-launched satellite called 
TRMM (Tropical Rainfall Monitoring Mission). A successor of this data set is available 
since January 2015 and will also be used. This data is called GPM (Global Precipitation 
Measurements). It should be noted that GPM data is provided as a beta version at this 
moment and is not yet always available. The EWS therefore uses GPM when available, 
and TRMM to fill the data gaps. The data is automatically imported into the EWS.  
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Water level 
Currently there are no water level series available that can be implemented in the EWS. 
 
Evapotranspiration 
For the evapotranspiration climatological data is used. This is data from the Global 
Potential EvapoTranspiration (Global-PET) climate database (http://csi.cgiar.org/Aridity/) 
that was also used for the drought hazard mapping. If local meteorological stations that 
measure the temperature become operationally available they can be used to calculate 
local real-time PET for use in the EWS in the future. 
 
Additional local data  
GMET is responsible for monitoring of meteorological data. Rainfall and temperature are 
automatically recorded by telemetric ground stations monitored by GMET. Figure 4 
shows the pilot districts and automatic stations in Ghana. The data is send to a 
computer at GMET office. GMET also monitors manual stations. However, these 
datasets are sent to Accra weeks or even months after being registered which makes 
them unsuitable for use in the EWS. 
 

 
Figure 4: Pilot districts and automatic weather stations 
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During the project 7 new AWS have been installed, however the real time 
meteorological information from both the existing and new AWS were not available for 
automated processing by the EWS. Consequently this data is not used in the initial 
implementation of CREW-EWS. In paragraph 4.6 we recommend for each pilot district 
which AWS could be included in the EWS to improve the flood forecasting in the future.  
 
If and when GMET’s data is made available on an accessible location (ftp-location or 
web service) the EWS configuration can be changed in order to automatically import this 
meteorological ground station data into the EWS. 
 
HSD is responsible for the monitoring of hydrological water level data. Currently there 
are no working automated telemetric water level gauges in any of the pilot districts. 
When the hydrological water level stations are equipped with telemetric systems and the 
data is made accessible, the EWS configuration can be changed to incorporate it in the 
EWS.  
 
The above mentioned additional local data is not available or accessible at this moment 
and will therefore not be included in the first version of CREW-EWS. 
 
 

4.2.2 Validation  

Experts from HSD and GMET have access to Delft-FEWS system where they are able 
to validate the input data and output data. It is possible to edit data when deemed 
necessary.  
 
 

 Forecasting 4.3

4.3.1 Data processing 

The following data processing steps are carried out for flood forecasting:  
• All sub-catchments in and around each pilot district are determined based on their 

topographical character using a digital elevation model (STRM90). 
• The routing order of the sub-catchments is defined. For each sub-catchment, the sub-

catchments that drain on it are determined. 
As an example, Figure 5 below shows the sub-catchments in and around Akatsi district 
on the left, and the draining direction of the Tordzi River catchment on the right.  

• The rainfall that precipitates in the sub-catchments over pre-defined periods is 
aggregated, resulting in aggregated rainfall per sub-catchment.  

• The aggregated rainfall per sub-catchment is converted to a theoretical discharge 
series.  

• The theoretical discharges are summed according to the routing order previously 
defined.  

• For each sub-catchment in the district the total theoretical discharge is determined. 
Appendix A elaborates on this method.  

 
The following data processing steps are carried out for drought forecasting:  
• The CGIAR data is scaled to the same resolution as the rainfall data; 
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• The rainfall deficit is calculated for each time step, starting at the beginning of each 

year. 

 
Figure 5: Sub-catchments in Akatsi (left) and draining direction (right) 

 
4.3.2 Model calculation 

Within this project no hydrological models are built for the pilot areas. However, the input 
data for the forecasting is only rainfall which is not sufficient for flood warnings. 
Therefore a theoretical flood routing is applied as described above. Appendix A 
elaborates on this method, which can be considered as a black box model calculation.  
 
 

 Warning 4.4

4.4.1 Threshold assessment 

For flooding threshold values are defined for each sub-catchment in the pilot districts 
that trigger a flood warning when exceeded. The initial threshold values are defined 
based on historical disasters and field expertise.  
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For drought threshold values have been defined for the entire pilot district. The initial 
threshold values are defined based on historical data, historical disasters and 
information gathered during the field visits. 
 
The threshold values used in the warnings should continuously be monitored and 
adjusted to keep the EWS up to date. Future disasters will provide validation 
opportunities. Disasters registered in the field should be cross-checked with thresholds 
applied in the flood or drought forecasting and corrected if needed.  
 
Once the EWS is operational, experts from NADMO, HSD and GMET should calibrate 
the threshold values based on registered flood event data from the field. This calibration 
procedure will be part of the training programme. 
 
 

4.4.2 Presentation 

CREW-EWS is developed based on the Delft-FEWS platform and a web-based platform 
called Dashboard. The Delft-FEWS software produces the forecasts and is accessible 
for expert users on national level only. Figure 6 shows an example of CREW-EWS data 
presented in Delft-FEWS. The software presents the: 

• Input data 
• Processed data 
• Output data 

 
The data can be viewed in graphs and tables, including the alert threshold levels. Some 
data can be made editable. NADMO is the owner of the system and the software should 
be installed on their servers. When thresholds are crossed the system will show an alert 
for the relevant locations.  
 

 
Figure 6: Delft-FEWS platform  

The dashboard web-based program is a web-viewer that provides the relevant forecasts 
and warnings to the districts and regions in a more user friendly and unambiguous way. 
The dashboard presents the relevant alerts and warnings on both regional and district 
level. On national level the dashboard shows the flood and drought status. Figure 7 is an 
example of the dashboard view on national level as seen on a PC or tablet. The 
example shows that several districts have a flood alert. The dashboard always shows 
the highest alert level in any district. 
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Figure 7: National level dashboard for flood 

The district and regional level officers will only be able to view the alerts that are relevant 
for their district or region. Figure 8 shows an example of what the dashboard looks like 
for Akatsi district. The figure shows that: 

• Akatsi district is active,  
• Flood alert is active, 
• Indigenous Knowledge indicator for flood is active, 
• When the orange coloured sub-catchment is selected the flood hazard forecast 

graphic shows, which will enable the duty officer to see when the highest flood 
hazard level is going to be reached in this catchment.  

• The bottom right shows a static map of the flood hazard or flood risk in the 
district. The trained district duty officer is expected to relate the forecasted flood 
level to the areas potentially under flood risk and send appropriate help or 
warning to the areas under threat.  
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Figure 8: District level dashboard for flood 

Figure 9 shows an example of the dashboard that shows the actual drought warnings on 
national level. In this example the district Lawra Nandom has a high drought warning, 
the districts Bawku-West and Bungpurugu-Yunyoo a medium drought warning and the 
rest of the pilot districts no drought warning. Besides these warnings an indigenous 
knowledge indicator is active as well.  
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Figure 9: National level dashboard for drought 

Figure 10 shows an example of the dashboard on pilot district level, in this case Lawra 
Nandom. In this example the district Lawra Nandom has a high drought warning. To get 
more information the user can click on the district to see the rainfall deficit curve for the 
district building up in time throughout the year, including the warning levels. One or two 
rainfall deficit curves for dry reference years of the pilot district will be added to the 
graph. This allows relating the current rainfall deficit curve to historical events. It is 
expected that these reference years will allow local staff to better judge the impact of the 
drought situation. 
 
To be able to respond properly to the drought warning, the district drought risk maps 
(which are static) are shown as well. This will allow local officers to decide which areas 
are the most vulnerable and thus have the most urgent need for information and 
appropriate action.  
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Figure 10: District level dashboard for drought 

 
4.4.3 Indigenous knowledge 

The EWS system developed within the CREW project focusses on science-based 
forecast approaches for floods and droughts. Studies have indicated that the 
complementary role of traditional and indigenous knowledge should not be downplayed 
(Atlas of indigenous knowledge in climate change adaptation, Environmental Protection 
Agency, UNDP Ghana, 2011). 
 
This atlas describes indicators to predict flood or drought-related phenomena used in 
communities in the following six districts in Ghana: West-Mamprusi district, Zabzugu-
Tatale, Wa-West, Talensi-Nabdam, Aowin Swaman, Keta. It should be noted that the 
atlas summary mentions analysis of indigenous knowledge in Sissala East and 
Fanteakwa as well, however the Atlas does not show any results.  
 
Most indicators mentioned are related to farming conditions, generally indicating 
whether it will rain or not. A drought indicator was listed for Aowin Swaman in the 
Western Regio. Only Keta and Aowin Swaman districts mention specific flood indicators.  
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Field interviews did not provide relevant additional information on the use of indigenous 
knowledge specifically related to floods or droughts. The atlas shows that indicators 
used within districts differ and that indicators used in one district are not applicable at 
other locations.  
 
In CREW-EWS functionality is implemented in a manner that allows to indicate 
generically whether or not indigenous knowledge indicators for drought or for flood are 
active in the district. This functionality is included as an indigenous knowledge ‘button’ 
that can be turned on or off and will be visible on the dashboard. The district level 
authorities are responsible for timely collection and interpretation of active indigenous 
knowledge indicators in their districts.  
 

 
Figure 11: Locations analysed for indigenous knowledge indicators and climate zones 

 
 Response 4.5

4.5.1 Dissemination  

As stated before there is a clear functional link between the hazard and risk maps and 
the EWS. The left image in Figure 12 shows the sub-catchments relevant for flood 
warning in Bawku-West district. In this example it is assumed that a rainfall event 
triggers a warning for the sub-catchments indicated in red in the middle image of Figure 
12. Subsequently the NADMO coordinator in Zabila will direct his zonal coordinators to 
the hazardous areas located in the sub-catchments for which a warning is valid. The 
catchments for which a warning is issued and the risk maps are presented on the EWS 
dashboard in each regional and district office. Detailed hard-copy maps of the flood and 
drought risks in the district are available in each pilot district NADMO office.  
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Figure 12: Warning procedure in Bawku-West district 
 
Besides these technical aspects, the coordination of the dissemination is of paramount 
importance. The warning procedure needs to be covered in each pilot district’s disaster 
response plan to be elaborated by NADMO. 
 
 

 EWS implementation at district level 4.6

Field visits showed that the cause of floods differ per district. Thorough understanding of 
the functioning of the hydrological system is important to make the proper translation 
(forecasting) from input data (detection) to either flood or drought warnings. 
 
The CREW-EWS system is based on data sources that are always available, without 
costs for the whole country. Each district is thoroughly analysed with the method 
described earlier in paragraph 4.3. The thresholds are based on information gathered 
during field visits and information from the disaster database. This has resulted in an 
early warning system for both floods and droughts which is district specific. 
 
Future improvements can be achieved by the introduction of additional measurements 
(improved detection) and/or improved system knowledge. Recommended future 
improvements are listed for each of the pilot districts in below paragraphs. An overview 
of all suggested improvements is given in chapter 6. 
 
The following paragraphs present specific details for each of the ten pilot districts. 
 
 

4.6.1 Akatsi South district EWS 

Flood early warning system 
Most of the hazardous areas in Akatsi are located in the Tordzi River catchment. Figure 
13 left shows the sub-catchments of the rivers that flow into or within Akatsi district.  
For each sub-catchment the theoretical discharge is determined based upon the rainfall 
(TRMM and GPM) data. Based upon the information gathered during the field visits and 
data from the disaster database the thresholds (low, medium, high) for this theoretical 
discharge are determined. If one of these thresholds is exceeded, the EWS raises the 
corresponding warning level (low, medium, high). 
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Figure 13: Akatsi; sub-catchments (left) and flood hazard map (right) 

 
Flood warnings will be provided through the dashboard for the affected sub-catchments 
located within the Akatsi district (see paragraph 4.4.2). To relate this warning level to 
geographical locations where the flood risk and consequently the necessity to warn is 
the highest, the flood risk map should be consulted (Figure 13, right side).  
 
Drought early warning system 
Based upon the rainfall (TRMM and GPM) and potential evapotranspiration (CGIAR-
PET) data the rainfall deficit is continuously calculated for each pilot district, starting 
from January. The thresholds (low, medium, high) for drought warning are based upon 
the analysis of historical data (Error! Reference source not found., left) in combination 
with the information gathered during the field visits and extracted from the disaster 
database. 
 
Drought warnings for the district (low, medium, high) will be provided through the 
dashboard (see paragraph 4.4.2). To relate this warning to the most at-risk locations 
within the district, the drought risk map should be consulted which is also available 
within the dashboard. To reference the development of the rainfall deficit with drought 
events from the past, two historical drought years are presented on the deficit graph as 
well.  

Kpetoe 

Kpeve 

Tove 
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Figure 14: Akatsi; historical rainfall deficit (left) and drought risk map (right). 

 
Suggested future improvements flood early warning 
 
Detection: 
The floods in Akatsi district and the hotspot areas are mainly caused by Tordzi River. It 
is necessary to have measurements locations upstream of the hotspots to increase the 
lead time of the flood forecasts and thus the time to respond. Therefore the installation 
of automatic hydrological gauging stations (water level and discharge) is recommended 
upstream of the hotspot areas at: 
 
• Kpetoe on Tordzi 
• Kpeve on Tordzi 
• Tove on Tordzi; this station has lower priority, but can be used to relate flood 

thresholds to the other two gauging stations.  
 
 
The location of the recommended gauging stations is given in Figure 13 left. Measured 
water levels from these stations can be linked to flood disasters, resulting in water level 
thresholds at the gauging stations that trigger flood warnings. To be able to make this 
operational, the automatic stations should be implemented into EWS when they are 
installed and when their data is (reliably) available in real-time. 
 
Improvements in the rainfall accuracy are necessary for improve the rainfall/discharge 
relationship. To improve the accuracy of the global rainfall data (TRMM and GPM) it is 
recommended to install at least one automatic rain gauge within each region and to 
arrange for its data to be made available in real-time so it can be used in the EWS. An 
AWS has recently been installed in the city of Akatsi and is recommended to be used for 
future EWS improvement once the data is real time available-  
 
The current flood forecasting routine has a lead time that is limited by the concentration 
time (i.e. time between rainfall to hit the ground and resulting peak flows at flood prone 
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locations). Relatively large natural rivers have a longer concentration time compared to 
short urbanized systems. Accurate precipitation forecasts (for instance based on 
numerical weather predictions) can be used to increase the forecast lead time. However 
it should be noted that the uncertainty in weather prediction leads to more uncertainty in 
forecasted floods.  
 
Forecasting: 
The warnings are based on thresholds for a theoretical discharge. These theoretical 
discharges do not correspond to the discharge measurements which are suggested for 
improvement. To make these discharges comparable, it is recommended to set-up 
rainfall-runoff models. These models should be linked to a hydraulic model of the Tordzi 
River. The (calibrated) model can be implemented into the EWS to provide more 
accurate flood warnings along the entire Tordzi River section. Rainfall forecasts can be 
used as an input to calculate the forecasted discharges. 
 
Suggested future improvements drought early warning 
 
Detection: 
The rainfall deficit is now calculated based upon climatological evapotranspiration data. 
However, the evapotranspiration can vary throughout the years. It is advised to install 
within each region a meteorological station that measures temperature, and preferably 
also radiation in order to determine potential evapotranspiration in (near) real-time and 
include this in the EWS. . An AWS has recently been installed in the city of Akatsi and is 
recommended to be used for future EWS improvement once the data is real time 
available-  
 
Another improvement would be the installation of an automated rainfall gauge, an 
improvement that is already mentioned flood forecasting. 
 
Warning: 
The warning for drought is given for the entire district, as drought is a large-scale 
phenomenon. Nevertheless, the drought risk depends highly on the land use as well as 
on the hydrological situation within the pilot district (availability of other water sources 
like groundwater and surface water). In future different thresholds for drought (rainfall 
deficit) could be used for different land use types. More information about the 
vulnerability of these land use types as well as the location of the land use types is 
important to make the warnings more location specific. 
 
 

4.6.2 Accra Metro district EWS 

Flood early warning system 
The most devastating floods in Accra Metropolitan district are flash floods. Most of Accra 
is located within the Odaw River catchment. The Odaw River flows into Accra from the 
north and can be divided into sub-catchments which can be seen in Figure 15. Rainfall 
input data (TRMM and GPM) is translated into theoretical discharges. Based upon 
historical data, the disaster data base and information gathered during the field visits the 
thresholds are determined for each sub-catchment within the Accra district. Flood 
warnings will be provided for sub-catchments located within the district.  
 

BC5721-101-100/R5/411750/Nijm - 26 -  
6 August 2015  Early Warning System Master Plan 



 
 
 
 
 
 
 
Drought early warning system 
Drought, as defined in this project, is only applicable to non-urban areas. This means 
Accra has no drought risk. Nevertheless, the rainfall deficit will be calculated for this 
district and thresholds will also be defined. However, based on historical data and 
information gathered during the field visits it is evident that floods are a much bigger 
issue than droughts in this district. 
 

  
 
Figure 15: Accra; sub-catchments and flood risk map 

 
Suggested future improvements flood early warning system 
Because the most devastating floods in Accra are flash floods, measuring water levels 
upstream of the pilot district is not very useful as it does not provide much information 
for the vulnerable areas downstream. Water level gauges within Accra (hotspots) are 
useful to gain a better insight in the functioning of the hydrological system but will not 
provide warning ahead of a flood disaster.  
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The two most important recommendations for improvement of the flash floods within 
Accra have to do with (i) detection and (ii) flood forecasting. 
 
Detection: 
Rainfall is the driving force behind the flash floods in Accra. CREW-EWS uses rainfall 
data from TRMM and GPM. Information about rainfall is needed with a high spatial 
resolution and also a few hours ahead. This can be achieved by: 
• Improved quantitative rainfall estimates: 

o Radar-based rainfall fields: Radar has the possibility to indirectly measure 
the spatial variation of rainfall. Radar signals (electromagnetic waves which 
are bounced back by raindrops) are translated into rainfall intensities via so 
called Z-R relationships. The combination of radar and rain gauges has 
proven to provide the most accurate spatially distributed rainfall 
measurements. The radar provides the information about the spatial 
distribution, the rain gauges are needed to adjust the radar-based rainfall 
measurements (ground truth) because radar is known to underestimate 
rainfall further away from the radar station. Radar-based rainfall fields can be 
adjusted in real-time with measurements from rain gauges but this means 
that the rain gauges should be equipped with telemetry. A rainfall radar has 
been installed in Accra (GMET) but unfortunately, the equipment is not 
operational; 

o MeteoSat: another source of data that provides indirect information about 
the spatial distribution of rainfall is MeteoSat. One of the major 
disadvantages of this source is the fact that the accuracy during the night is 
much less than during daylight hours. Although the use of radar-based 
images is preferred, this is an alternative data source that is worth exploring. 
As with radar, rain gauges can be used to correct the indirect 
measurements. Additionally, in case the radar in Accra becomes 
operational, these data sources can be combined. 
 

• Improved quantitative rainfall forecasts: 
o Nowcasting: nowcasting is the term used for short range weather 

predictions, i.e. 1 to 3 hours. Based upon the development of the rainfall 
fields monitored via rainfall radar or Meteosat (see above), algorithms are 
able to forecast the rainfall with the same temporal and spatial resolution. As 
the algorithms lack the physical processes (i.e. a meteorological model), the 
reliability decreases rapidly with lead time.  

o Numerical Weather Prediction: for longer lead times meteorological 
models are necessary. The reliability of these models can be improved with 
the rainfall radar data because radar delivers a better starting position. 
Although the spatial resolution is lower than the ones of nowcasting, 
numerical models can add information about upcoming rainfall and thus 
increase the lead time for flood warnings. Improvement or adjustment of 
available numerical weather prediction models like GFS and WRF is 
recommended.  
It should be noted that not all rainfall events can be predicted with weather 
models; models should therefore preferably be combined with nowcasting.  

 
Flood forecasting: 
Improved rainfall detection is not a guarantee for more accurate flood warnings in the 
case of flash floods. A detailed hydrodynamic model of the Odaw River is also needed 
to forecast the discharges and water levels correctly. The model should reflect the actual 
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situation and not the design of the Odaw drain to represent the reduced capacity due to 
pollution and waste disposal.  
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4.6.3 Bungpurugu Yunyoo district 

Flood early warning system: 
Most flooding in Bunkpurugu-Yunyoo is caused by flash floods. Another cause for floods 
is the high discharge on Pembik River in the south of the district.  
 
Figure 16 shows the sub-catchments of the rivers in Bungpurugy-Yunyoo. These sub-
catchments all have a similar size. The flood forecasting is based on the processing of 
rainfall (TRMM and GPM) data into theoretical discharges for each sub-catchment. 
Warnings will be provided for the sub-catchments located within the district.  
 

 

 

Figure 16: Bunkpurugu-Yunyoo; sub-catchments and flood risk map  

Drought early warning system: 
Based upon the rainfall (TRMM and GPM) and potential evapotranspiration (CGIAR-
PET) data the rainfall deficit is continuously calculated, starting from January. The 
thresholds (low, medium, high) for drought warning are based upon the analysis of 
historical data (Figure 17, left) in combination with the information gathered during the 
field visits and extracted from the disaster database. 
 
Drought warnings (low, medium, high) will be provided through the dashboard for the 
entire district (see paragraph 4.4.2). To be able to relate the warnings to locations within 
the district, the drought risk map (Figure 17, right) should be consulted which is also 
available within the dashboard. To relate the development of the rainfall deficit with 
drought events from the past, two historical drought years are selected from the 
historical database and presented on the deficit graph for comparison. 

Nabosong 
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Figure 17: Bunkpurugu-Yunyoo; historical rainfall deficit (left) and drought risk map (right) 

 
Suggested future improvements flood early warning system 
 
Detection: 
For flash floods (main mechanism) within Bunkpurugu-Yunyoo, improved rainfall 
detection is advised. The previous paragraph on Accra elaborates on how to achieve 
this. Figure 16 shows 2 AWS that might improve rainfall detection once data is made 
available and the stations are included in EWS. We also note that a third AWS was 
recently installed in Bunprugu.  
Improved weather forecasting will provide more lead time to alert for flash floods.  
 
Flood forecasts for Pembik River in the south of the district might be improved when the 
gauge Nabosong (upstream) is upgraded to an automatic water level station and its data 
is made real-time available so that it can be linked to the EWS.  
 
Forecasting: 
Further improvement of the flood forecasts can be made by developing a combined 
rainfall-runoff and hydraulic model of the Pembic River to be included in CREW-EWS.  
 
Suggested future improvements drought early warning 
The suggested improvements for the drought early warning forecast are the same for all 
districts where drought poses a potential threat. These improvements have been 
described in the paragraph on Akatsi district above. 
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4.6.4 Bawku-West district 

Flood early warning system 
Figure 18 below shows the rivers in Bawku-West as well as their sub-catchments. The 
right side of the figure shows the flood risk map of the district. A large part of the district 
is flood prone caused by the White Volta River, where floods regularly occur when the 
Bagre dam spills. The Red Volta River borders the western part of the district and is a 
relatively steep river that has a large catchment in Burkina Faso. 
 
For each sub-catchment the total theoretical discharge is determined based upon the 
rainfall (TRMM and GPM) data. From information gathered during the field visits and 
from the disaster database the thresholds (low, medium, high) for this theoretical 
discharge are determined. If one of these thresholds is exceeded, the corresponding 
warning level is raised (low, medium, high). 
 
Flood warnings will be provided through the dashboard for the sub-catchments located 
within the Bawku-West district (see paragraph 4.4.2). To be able to relate these warning 
level to locations where the flood risk and consequently the necessity to warn is the 
highest, the flood risk map should be consulted (Figure 18, right side).  
 

  

 

Figure 18: Bawku-West; sub-catchments (left) and flood risk map (right) 

 
 

Yarugu 

Nangodi 

Bagre dam 

Red Volta 
Basin 

White Volta 
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Drought early warning system: 
Bawku-West is a district that carries a drought risk.  
 
Based upon the rainfall (TRMM and GPM) and potential evapotranspiration (CGIAR-
PET) data the rainfall deficit is continuously calculated, starting from January. The 
thresholds (low, medium, high) for drought warning are based upon the analysis of 
historical data (Figure 19, left) in combination with the information gathered during the 
field visits and extracted from the disaster database. 
 
When drought warnings (low, medium, high) are issued, these will be provided through 
the dashboard for the entire district (see paragraph 4.4.2). To be able to relate these 
warnings to the locations at risk within the district, the drought risk map (Figure 19, right) 
should be consulted. This map is also available within the dashboard. To relate the 
development of the rainfall deficit with drought events from the past, two historical 
drought years are selected from the historical database and presented on the deficit 
graph for comparison.  
 
 

  
Figure 19: Bawku-West; historical rainfall deficit (left) and drought risk map (right) 

 
Suggested future improvements flood early warning 
 
Detection: 
Flooding of the White Volta River occurs when the Bagre dam is spilling. A spilling alert 
is sent by the Burkinabe authorities to the Ghanaian government. This alert should be 
included in the EWS once this information is accessible online.  
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Discharge measurements upstream of the Bawku-West district are recommended to 
increase the lead time. This applies to both the White Volta and Red Volta. On the Red 
Volta River the hydrological gauging station Nangodi should be upgraded to an 
automatic gauging station; its data should be made available in real-time for linking to 
CREW-EWS. A discharge measurement in Burkina Faso is even better but is expected 
to be impractical to set up. 
 
Improved rainfall forecast is advised as this will provide a longer lead time. The 
paragraph about the district Accra elaborates on how to achieve this.  
 
Forecasting: 
A hydraulic model of the Red Volta – in combination with an improved rainfall forecast – 
will improve the accuracy and lead time of a flood warning along the Red Volta.  
 
The timing and amount of Bagre dam spilling should be included, preferably in a 
hydraulic model of the White Volta, which is available from the FEWS-Volta system 
commissioned by WB/WRC.  
 
Suggested future improvements drought early warning 
The suggested improvements for the drought early warning forecast are the same for all 
districts where drought poses a potential threat. These improvements have been 
described in the paragraph on Akatsi district above. 
 
 

4.6.5 Fanteakwa district 

Flood early warning system: 
Figure 20 below shows the rivers in the district as well as their sub-catchments. Flood 
forecast is done by determining the theoretical discharges based on rainfall data (TRMM 
and GPM) for each sub-catchment. The warnings are provided for the sub-catchments 
located within the district. 
 
Drought early warning system: 
Only a small part of this district has a (low) risk for drought. Nevertheless, the rainfall 
deficit will be calculated for this district and thresholds will be defined.  
 
Suggested future improvements flood early warning  
Detection: 
Improved rainfall estimates are recommended to improve both the flood and the drought 
forecasting. Improved weather forecasting will provide more lead time to alert for flash 
floods. In the paragraph on Accra this improvement has been described. For Fanteakwa 
data from the GMET rain gauge in Akim Tafo can be used as ground truth. This station 
is located outside the district, about 10 km from Besoso and 20 km from Begoro. An 
AWS was recently installed in the district capital of Begoro as well and is recommended 
to be used in the EWS to improve the rainfall detection once the station data has 
become available in real time.  
 
Hydrological data measured upstream will not be useful for the hotspots in Fanteakwa 
because the problem at hand is flash floods. Upstream data might provide some 
additional accuracy for the flood prone areas in the south-western part of the district. 
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The existing hydrological stations should be upgraded to automatic telemetric water 
level gauges.  
 

 

 

Figure 20: Fanteakwa; sub-catchments and flood risk map 

 
 

4.6.6 Lawra district 

Flood early warning system: 
Figure 21 below shows the rivers in Lawra district as well as their sub-catchments. Flood 
forecasting is done by determining the theoretical discharges based on rainfall data 
(TRMM and GPM) for each sub-catchment. The warnings are provided for the sub-
catchments located within the distric.  
 
Drought early warning system: 
Lawra is a district that carries a drought risk.  
 
Based upon the rainfall (TRMM and GPM) and potential evapotranspiration (CGIAR-
PET) data the rainfall deficit is continuously calculated, starting from January. The 
thresholds (low, medium, high) for drought warning are based upon the analysis of 
historical data (Figure 22, left) in combination with the information gathered during field 
visits and extracted from the disaster database. 
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Figure 21: Lawra; sub-catchments and flood risk map 

 
Drought warnings (low, medium, high) will be provided through the dashboard for the 
entire district (see paragraph 4.4.2). To relate this warning to the locations within the 
district, the drought risk map (Figure 22, right) should be consulted. This map is also 
available within the dashboard. To relate the development of the rainfall deficit with 
drought events from the past, two historical drought years are selected from the 
historical database and presented on the deficit graph for comparison. 
 
Suggested future improvements flood early warning  
 
Detection: 
Improved rainfall estimates are recommended in order to improve both the flood as well 
as the drought forecasting. Improved weather forecasting will provide more lead time to 
alert for flash floods. In the paragraph on Accra this improvement has been described. 
For this district data from the GMET automatic rain gauges in Lawra, Nandom and 
Babile can be used as ‘ground truth’ (see Figure 21). A forth AWS was installed in 
Hamile (Hamale), just north of Nandom.  
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Figure 22: Lawra; historical rainfall deficit (left) and drought risk map (right). 

 
There is a hydrological gauging station in the Black Volta River at Lawra. This could be 
replaced by an automatic one with telemetry in order to implement it in the EWS. 
However, this station is situated downstream of the hotspot areas. As the hotspot areas 
are both located along the Black Volta, use of a hydrological gauging station upstream in 
Burkina Faso is best. It is recommended taking this up with the VBA to explore the 
possibilities. 
 
Forecasting: 
In case it would prove too difficult to install a hydrological gauging station in Burkina 
Faso a suitable alternative would be to build a hydrological model of the basin preferably 
combined with a hydraulic model of the Black Volta to calculate the forecasted river 
discharges based on input from rainfall measurements and forecasts. This system could 
be included in the EWS system and would lead to a longer lead time. 
 
Suggested future improvements drought early warning 
The suggested improvements for the drought early warning forecast are the same for all 
districts where drought poses a potential threat. These improvements have been 
described in the paragraph on Akatsi district above. 
 
 

4.6.7 Techiman district 

Flood early warning system: 
Figure 23 below shows the rivers in Techiman district as well as their sub-catchments. 
Flood forecast is done by determining the theoretical discharges based on rainfall data 
(TRMM and GPM) for each sub-catchment. The warnings are provided for the sub-
catchments located within the district. 
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Figure 23: Techiman sub-catchments and flood risk map 

 
Drought early warning system 
There is no drought hazard (and risk) in Techiman district, according to the definition 
used in this project. Nevertheless, the rainfall deficit will be calculated for this district and 
thresholds will be defined. However, based on historical data and information gathered 
during the field visits, floods are clearly a much bigger issue than droughts in this district. 
 
Suggested future improvements flood early warning 
 
Detection: 
Improved rainfall estimates are recommended to improve both the flood and the drought 
forecasting. Improved weather forecasting will provide more lead time to alert for flash 
floods. The paragraph on Accra elaborates on how to achieve this improvement. An 
automatic rain gauge station has recently been installed in Techiman and if the data 
becomes real time available it is recommended to include it in the EWS.  
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4.6.8 Cape Coast district 

 

 

Figure 24: Cape Coast; sub-catchments and flood risk map 

 
Flood early warning system: 
Figure 24 above shows the rivers in Cape Coast district as well as their sub-catchments. 
Flood forecasting is done by determining the theoretical discharges based on rainfall 
data (TRMM and GPM) for each sub-catchment. The warnings are provided for the sub-
catchments located within the district. 
 
Flood issues in Cape Coast are mainly caused by seasonal high discharges of the 
Kakum River. Especially in the lower reaches, the sedimentation is high causing 
blockage of the drainage system. 
 
Drought early warning system: 
Only a very small part of Cape Coast district has a (low) drought risk. Nevertheless, the 
rainfall deficit will be calculated for this district and thresholds will be defined. 
 
 

Brimsu 
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Suggested future improvements flood early warning  
 
Detection: 
Improved rainfall estimates are recommended to improve both the flood as well as the 
drought forecasting. The paragraph on Accra elaborates on how to achieve this 
improvement.  
An automatic rain gauge station has recently been installed in Cape Coast and if the 
data becomes real time available it is recommended to include it in the EWS.  
 
Real-time hydrological measurements in the upstream part of the Kakum River can help 
to improve the flood early warning system. There is a gauging station (Brimsu) on the 
Kakum River about 10 km upstream of the hotspot area that could be upgraded to an 
automatic one. However, because this station is located very close to the hotspot, the 
lead time it offers is short. This gauging station can be used to calibrate a hydrological 
model of the basin and a hydraulic model of the Kakum River once these have been 
developed. 
 
Forecasting: 
A hydrological model preferably combined with a hydraulic model of the Kakum River in 
combination with improved rainfall forecasts is recommended. This should be 
implemented in the CREW-EWS. Hydrological measurements will be needed to 
calibrate the models. 
 
 

4.6.9 Shama district 

Flood early warning system: 
High discharges from the Pra River are the main cause of flooding in Shama district. 
The catchment of the Pra River is over 20.000 km2 (Figure 25). Flood forecasting is 
done by determining the theoretical discharges based on rainfall data (TRMM and GPM) 
for each sub-catchment. The warnings are provided for the sub-catchments located 
within the district. 
 
Similar to other large river basins in the pilot districts, like the Red, Black and White 
Volta, it is not possible to properly forecast floods using only hydrological routing. It is 
therefore emphasized that the flood forecast for this district should be treated with 
caution. 
 
Drought early warning system: 
Shama carries no drought risk. Nevertheless, the rainfall deficit will be calculated for this 
district and thresholds will be defined.  
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Figure 25: Shama; Pra river basin (left), sub-catchments and flood risk map (right) 

 
Suggested future improvements flood early warning  
 
Detection: 
Improved rainfall estimates, especially in the Pra River basin, are recommended to 
improve both the flood as well as the drought forecasting. The paragraph on Accra 
elaborates on how to achieve this improvement. An AWS has recently been installed in 
Incaban and if the data becomes real time available it is recommended to include it in 
the EWS.  
 
Real-time hydrological measurements in the upstream part of the Pra River can help to 
improve the flood early warning system. There is a gauging station at Daboasi that could 
be upgraded to an automatic one. 
 
Forecasting: 
A hydrological model preferably combined with a hydraulic model of the Pra River 
together with improved rainfall forecasts is recommended for implementation in the 
EWS. Hydrological measurements are needed to calibrate the models. 
 

Shama 

Pra River basin 
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4.6.10 Kumasi Metro district 

 

 

Figure 26: Kumasi; sub-catchments and flood risk map 

Flood early warning system 
Figure 26 shows the rivers in Kumasi district as well as their sub-catchments. Flood 
forecasting is done by determining the theoretical discharges based on rainfall data 
(TRMM and GPM) for each sub-catchment. The warnings are provided for the sub-
catchments located within the district. 
 
Drought early warning system 
Drought, as defined in this project, is only applicable to non-urban areas. This means 
Kumasi carries no drought risk. Nevertheless, the rainfall deficit will be calculated for this 
district and thresholds will be defined. However, based on historical data and information 
gathered during the field visits it is clear that floods are a much bigger issue than 
droughts in this district. 
 
Suggested future improvements flood early warning 
 
Detection: 
Improved rainfall estimates are recommended to improve both the flood and the drought 
forecasting. The paragraph on Accra elaborates on how to achieve this improvement. 
The GMET automatic weather station at Kumasi Airport can be used as ‘ground truth’.  
 
Real-time hydrological measurements in the upstream areas will not provide much 
additional information for forecasting of the flash floods. They are however useful for the 
calibration of hydrological models that may be developed in the future. 
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Forecasting: 
A hydraulic model that represents the local drainage system and that is able to forecast 
flash floods (in combination with improved rainfall estimates and forecast) is essential for 
proper forecasting of the flood issues that Kumasi suffers from.  
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5 TECHNICAL ASPECTS 

 Delft-FEWS and Dashboard 5.1

The information and communication solution selected consists of the Delft-FEWS 
platform, dedicated forecasting software, and a web-based platform called Dashboard. 
The Delft-FEWS platform produces the forecasts and the dashboard web-based solution 
presents the dedicated forecasts to users at district, regional and national level.  
 
Delft-FEWS is accessible for expert users on national level only. These are NADMO, 
GMET and HSD. Delft-FEWS provides a general overview of the flood and drought 
status, shows alerts when relevant, and is the platform where historical events can be 
analysed and approaching events can be assessed.  
 
The web-based dashboard summarises relevant information provided by Delft-FEWS 
and provides relevant data to the authorities on national level, regional level and district 
level. 
 

 General architecture 5.2

One of the most important aspects of an early warning system is that it should be 
operational at all times. The following conditions are essential to keep the system 
operational: 
• The NADMO hardware on which the EWS software is to be installed should be 

robust, dedicated and switched on 24/7. 
• Bi-directional Internet access should be available 24/7. 
• Availability of the data needed for the forecasts should be guaranteed. 
 
As these conditions were not met in time in the current project, Consultant was forced to 
install the EWS on a server in Consultant’s offices. As mentioned before, the forecast 
and warning approach adopted uses freely available remote sensed meteorological data 
(so called open data) collected from satellites made available by reliable international 
institutes. 
 
This planned EWS architecture is presented in Figure 27. This figure shows that the 
remote sensed data are collected on the Delft-FEWS server, which is -accessible for 
expert users via remote access. Data (forecasts) are transferred to the dashboard 
server, which is accessible for national, regional and district level users via internet 
(web-pages).  
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Figure 27: Architecture of the EWS design 

 
 Hardware 5.3

The following hardware is recommended for a full CREW-EWS implementation:  
 
EWS Master Controller 
Processor 2 x 3.00 GHz (dual core) + 4 MB L3 Cache 
Internal memory 8 GB 
Available disk space 10 GB free (excluding operating system and database server) 
Operating system Windows 7, Windows Server 2008 R2 or Redhat Linux 
Java Version + 1.7 (also 32-bits) 
Perl with packages Strawberry Perl with the option to install additional packages 
PostgreSQL 
 
FEWS Forecasting Shell Server 
Processor 2 x 3.00 GHz (dual core) + 4 MB L3 Cache 
Internal memory 8 GB 
Available disk space 20 GB (excluding operating system) 

 - 45 - BC5721-101-100/R5/411750/Nijm 
Early Warning System Master Plan  6 August 2015 



 
 
 
 
 
 
 
 
Operating system Windows 7, Windows Server 2008 R2 
Java Version + 1.7 (also 32-bits) 
Strawberry Perl with the option to install additional packages 
 
Dashboard Server 
Processor 1 x 2.40 GHz (dual core) 
Internal memory 8 GB 
Free disk space 1 GB 
Operating system Windows 7, Windows Server 2008 R2 
Standard software Microsoft Internet Information Service 7.5 
Microsoft .NET Framework 4.0 
 
The Master Controller will also host the database server. 
 
The Master Controller and the Forecasting Shell Server can be combined on one 
physical server that hosts the two servers virtually. This requires a physical server with 
at least 16 GB of internal memory. 
 
If the dashboard (web) server would be located in NADMO HQ, it needs to be 
accessible from the Internet. This will require DNS entries and firewall rules to be set up. 
Alternatively, the dashboard server could be located with an external hosting provider. 
 
 

 Software 5.4

The following software is needed or recommended for a full CREW-EWS 
implementation:  
 
FEWS-suite: 
• Delft-FEWS 
• Java VM 7 (32-bits) 
• JBoss 4 
• PostgreSQL (database) 
• Tomcat Apache 
 
Data handling: 
• Strawberry Perl 
• R (http://www.r-project.org/) 
• HKV Dashboard controller 
 
Models: 
• Python  
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6 POTENTIAL IMPROVEMENTS 

 Functional improvements and recommendations  6.1

CREW-EWS as described in this report is the first version of a state of the art, 
operational and robust early warning system for data scarce regions. The EWS can and 
should be further improved. This chapter described the proposed future improvements, 
most of which were already mentioned in chapter 4 and in some other parts of the 
report. 
 
The improvements described below are not implemented as part of the current project 
but are recommended for implemented when this becomes possible. Implementing 
these improvements will require effort, time and money, but the improvements to be 
realised merit these inputs. 
 
 

6.1.1 Detection  

Detection of flood or drought indicators can be improved in a number of ways depending 
on the flood or drought mechanism. The following improvements are proposed: 
 
• Using real-time water level data can improve the accuracy of flood forecasts for 

medium to large rivers such as Tordzi, Pra, Kakum and Pembik. The water level 
observed at the stations can be related to historical events to trigger warnings. This 
will improve the accuracy of the system. Automatic hydrological stations are to be 
installed and managed by HSD and their data needs to be made available real-time 
for use in CREW-EWS. This will require the data to be made accessible through ftp, 
network access or Internet. Availability of the data will need to be ensured 24/7. 

• Improvement of the rainfall accuracy will improve the rainfall discharge relationships 
used. To improve the accuracy of the global rainfall data (TRMM and GPM) it is 
recommended to install and use at least one automatic rain gauge within each 
region in the CREW-EWS. GMET will install, maintain and monitor the stations and 
should provide real-time access to their data for CREW-EWS through ftp, network 
access or Internet. Availability of the data needs to be guaranteed 24/7. 

• The current flood forecasting routine has a lead time limited by the concentration 
time (i.e. time between rainfall to hit the ground and the resulting peak flows at flood 
prone locations). Relatively large natural rivers have much longer concentration 
times than short urbanised systems. Accurate precipitation forecasts (for instance 
based on numerical weather predictions) can be used to increase the forecast lead 
time. However it should be noted that the uncertainty in weather prediction leads to 
more uncertain flood forecasts. Figure 28 below shows this schematically. 
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Figure 28: Forecast lead time versus accuracy 

 
 

6.1.2 Forecasting 

The warnings are currently based on thresholds related to a theoretical discharge. 
These theoretical discharges do not correspond with the actual discharges and the 
corresponding water level measurements that are suggested as an improvement. To be 
able to make them comparable, it is recommended to setup rainfall-runoff models. This 
will improve the accuracy of the forecast. 
 
All relatively large rivers could be simulated with hydraulic models. The above 
mentioned rainfall-runoff models should feed into the hydraulic models. This will not only 
improve the accuracy, it will also provide forecasts along the complete stretch of the 
river represented by the hydraulic model.  
 
 

6.1.3 Warning  

Some rivers that cause floods in the pilot districts have international basins. These 
include: White Volta, Red Volta, Black Volta and Tordzi. Especially the Volta rivers have 
a large basin in riparian countries. It is strongly recommended to establish or strengthen 
contact with the corresponding basin authorities to arrange the exchange of data and 
warnings for these international rivers. 
 
White Volta flood warnings from Bagre dam merit a special mention. Flooding of the 
White Volta River occurs when the Bagre dam spills. A spilling alert is sent by the 
Burkinabe authorities to their Ghanaian counterparts. This alert should be included in 
the EWS. The timing and volumes of the planned Bagre dam spills could be included in 
a hydraulic model of the White Volta, which is available in the FEWS-Volta system 
commissioned by WB/WRC. 
 
The warnings for drought are given for the entire district, as drought is a large-scale 
phenomenon. Nevertheless, the drought risk depends highly upon the type of land use 
as well as on the hydrological situation within the pilot district (availability of other water 
sources like groundwater and surface water). In future the thresholds for drought (rainfall 
deficit) could be set differently for different land use types. More information about the 
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vulnerability of these land use types as well as the location of the land use types is 
required to make the drought warnings more location specific. During the development 
of CREW-EWS, it was noted that the WASCAL program is developing an updated 
detailed national land use database that can be used to improve the vulnerability and 
risk maps and provide a more tailored warning to the communities. 
 
 

6.1.4 Response  

The dissemination procedure of warnings from the NADMO district offices to local 
stakeholders is not explicitly included in this project as this is NADMO’s responsibility. 
However, it is strongly recommended that that each NADMO district draws up a disaster 
response plan which incorporates the following aspects: 
• Response to different warning levels (each level asks for a specific response). 
• The tasks and responsibilities of the stakeholders involved. 
• Support of NADMO staff / community members to warn local community members 

or industries. 
• Involvement of emergency services like fire and police departments, hospitals. 
• The means of communication with community members and emergency services 

(e.g. radio, personal communication of local officers, drums etc.) 
• Availability and use of hazard, vulnerability and risk maps that were developed for 

the 10 pilot districts within the project. 
 
The procedures described in the plan should be tested during training exercises so all 
those concerned get familiar with them and procedures can be improved based upon 
the experience gained. This aspect will also be addressed during the local training 
sessions. 
 
As mentioned before in this report, one of the main aspects of this EWS is the feedback 
and validation procedures that should be followed once CREW-EWS is operational. The 
false alarm rate - i.e. warnings while this was not necessary - should be as low as 
possible because otherwise people lose confidence in the system. Consequently the 
public might not respond to warnings anymore, even when a real threat is imminent. On 
the other hand thresholds should not be set too high because this can lead to an alert 
being issued too late when a disaster is already happening. Defining correct thresholds 
values can be considered as an important trial and error process and should be done 
based on experience from NADMO field officers, NADMO forecasters, GMET and HSD 
specialists. 
 
 

 Link up with other initiatives 6.2

The early warning system that is set up within the current project is the first national 
level early warning system. Other initiatives are being developed in Ghana that also 
involve improved data monitoring and/or improved forecasting. These initiatives are not 
as far developed as CREW-EWS, but should be continuously monitored to benefit from 
them. The following initiatives are relevant and have been described in more detail in the 
gap-analysis report: 
• CECAR (climatology and monitoring)  
• Thamo (precipitation monitoring) 
• FEWS-Volta update (hydrological and meteorological monitoring, early warning) 
• CLIM-WARN (climatology and monitoring) 
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 System architecture 6.3

Chapter 5 presented the system architecture developed for CREW-EWS. A number of 
practical restrictions did not allow CREW-EWS to be implemented as it was intended. 
The main restrictions encountered are: 
• Operational, ready-to-use servers and Internet was not available at NADMO. 
• Real-time hydrological and meteorological data access from HSD and GMET was 

neither available nor accessible. 
• No links with other operational EWS-systems are available or accessible. 
 
To deal with these restrictions, the following decisions had to be taken: 
• Implementation of CREW-EWS on Consultant’s servers in the Netherlands. These 

servers will only be available for the duration of the current project. 
• The EWS is based on globally available data sets. 
 
In the future these limitations are expected to be removed. When this happens, CREW-
EWS should be upgraded, based on the system architecture as presented in the figure 
below. 
 

 
Figure 29: Preferred future CREW-EWS architecture 

 
The components in the figure are: 
1. WAN Vodafone 

Integrated wide area network between NADMO, HSD and GMET. WRC could also 
be part of this network for access to Delft-FEWS. The network speed is at least 10 
Mbit per second. The WAN allows direct connections between the systems in the 
WAN without additional software or protocols in these systems, such as drive 
mappings and connections between client-server applications. The WAN has a 
secure two-way connection with the Internet. The access to the WAN is secured with 
user id/password authentication. 
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Note: when the WAN is not available connections can be made through remote 
access over the Internet. This requires attention to firewall settings and two-way 
Internet connectivity. 

2. LAN at NADMO 
Local area network at NADMO. All relevant servers and clients at NADMO are 
connected to this network. The network speed is at least 100 Mbit per second, but 
preferably 1 Gigabit per second. The LAN allows direct connections between 
servers, databases and clients/workstations connected to the LAN. The LAN is 
integrated in the Vodafone WAN. 

3. Delft-FEWS servers at NADMO 
Two servers (master controller and forecasting shell) for CREW-EWS. The servers 
have direct connections with NAMDO-LAN (and so with the Vodafone WAN) to 
import hydrological and meteorological data. For the transfer of data from CREW-
EWS to the Dashboard a push mechanism is used from the CREW-EWS servers to 
the dashboard controller. The CREW-EWS servers need Internet access to do so. 

4. Delft-FEWS servers at HSD 
Delft-FEWS (FEWS-Volta) is installed on a server at HSD, stores the hydrological 
data and can provide relevant hydrological data for CREW-EWS. 

5. Meteorological database at GMET 
GMET has three different automatic station systems with which meteorological data 
is collected and stored. Each system has different protocols, formats and is installed 
on a different computer. It is recommended to merge all data from these systems 
into one archive. It is possible to use Delft-FEWS as a platform to combine and store 
the meteorological data. 

6. Dashboard server 
Server for hosting of the Dashboard. Dashboard is a web-based internet application. 
Dashboard is installed and available on a web server. The server is accessible for 
clients (pc’s, tablets and smart phones) using a regular internet connection. 

7. Remote sensing data (TRMM and GPM) 
Remote sensing data from TRMM and GPM is imported using a process on the 
Delft-FEWS servers. 

8. Delft-FEWS clients (at NADMO, HSD, GMET and possibly WRC) 
The Delft-FEWS client software is installed on regular workstations (desktop or 
laptop pc’s) at NADMO, HSD, GMET and possibly WRC. The workstations connect 
to the Delft-FEWS server using the NADMO-LAN and/or Vodafone WAN. 

9. Dashboard clients (at NADMO, HSD, GMET and pilot regions and districts) 
Dashboard is a web-based internet application. Dashboard is installed and available 
on a web server. The users can access the Dashboard using: 
• a regular web browser on pc’s, tables and smartphones connected to the internet 
• an app on tablets and smart phones. 
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 Expand districts  6.4

CREW-EWS as described in this masterplan covers ten districts in Ghana. The 
approach to develop the risk maps and the early warning system that was set up for 
these pilot districts is applicable to all districts. The coverage of CREW-EWS can 
therefore be extended relatively easily. 
 
However it should be noted that each district has its own problems and particularities 
that should be assessed in detail. The following steps should be taken per district: 
• Visit and inform district authorities. 
• Assess flood and drought problems in the district, as done in the current project. 
• Develop drought and flood risk maps. 
• Develop sub-catchments as previously described. 
• Define thresholds for floods and droughts for each district and flood prone sub-

catchment based on historical analysis or taken from similar sub-catchments and 
districts. 

• Include district related routines in Delft-FEWS system. 
• Update the dashboard with new districts. 
 
All other functional improvements are relevant for new districts as well.  
 
 

 Institutional  6.5

Recommendations on institutional aspects relevant to CREW-EWS are described in 
chapter 3. It is recommended that the relevant institutions discuss these aspects and 
come to a commonly agreed structure. Most importantly the organisational and 
institutional tasks and responsibilities should be clearly described, adopted in Ghanaian 
policy and legally embedded. It is less important how exactly this is organised, as long 
as the result is clear and formalised. 
 
At the district level NADMO is divided into zones. Each zone is monitored by a zonal 
coordinator. Hardcopy maps of these zones are supposed to exist but Consultant has 
been unable to find them. It seems probable that these maps are inconsistent and 
incomplete. It is therefore recommended that the NADMO districts evaluate and update 
their zonal maps and seek collaboration with NADMO head office for digitising and geo-
referencing of the maps. The zones should be made visible on the district risk maps and 
included in the district level EWS.  
 
 

 Maintenance and support 6.6

The necessity of cyclic assessment and improvement of the total EWS as described in 
the policy briefing note is emphasised here. These regular updates are needed to 
structurally improve CREW-EWS and should preferably be included in organizational 
mandates and policy agreements.  
 
The early warning system requires maintenance to keep the system up and running. As 
it was not possible to install the system on the CREW servers in NADMO’s HQ, the first 
major effort after the current project should be directed towards the implementation of 
CREW-EWS in NADMO’s HQ and to implement all related procedures to arrive at a 
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functional EWS. Once this is done, a system administrator should be assigned with 
proper capacities to ensure 24/7 availability of the servers on which the EWS software is 
installed. The need for adequate cooling and backup power supply (dedicated generator 
with ample fuel) is also stressed here. 
 
Finally, it is strongly recommended to agree on a maintenance and support contract with 
the software suppliers to address any issues that might occur. CREW-EWS is based on 
standard software but tailored to the specific purpose. Training for general maintenance 
and operation will be offered, but experience shows that specialised input not available 
at NADMO or beneficiaries will be needed once the system is operational. Usually the 
bulk of the problems occur during the testing phase of the EWS system. 
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Appendix A: Flood forecasting method 
 
Introduction 
The approach presented in this appendix is not suitable for exact calculation of 
discharges as the storage term is not taken into account. This approach is chosen for 
routing the rainfall to runoff to estimate the risk of flooding. 
 
 
Approach 
Sub-catchment approach 
In order to estimate the flood hazard rainfall is the most important parameter. However, 
rainfall intensities vary within Ghana, within districts and even within short distances. It is 
possible that one part of a district receives heavy rainfall causing heavy floods while the 
other side of the same district has no rainfall at all. 
 
In order to get a good insight in the distribution of rainfall for the estimation of the flood 
hazard it is important to subdivide the area (e.g. Ghana, a district etc.) This division 
results in catchments (river basins). Within these catchments a further sub-division 
results in sub-catchments. These sub-catchments are areas that are draining to one 
point and in which the rainfall can be considered to be uniform. The size of the sub-
catchments is related to the rainfall data resolution. The rainfall input is provided on a 
10*10 km grid (GPM input). Based on this grid size the average sub-catchments should 
be around 100 km2. 
 
The determination of the sub-catchments is done by using the “sub-catchment” function 
of the PC-Raster software for environmental modelling (http://pcraster.geo.uu.nl/). 
 
Rainfall-to-discharge-index approach (Muskingum) 
The starting point for the rainfall-to-discharge-index approach is the general idea that a 
certain amount of precipitation is retained by the terrain before runoff occurs. No runoff 
takes place until the actually fallen rainfall exceeds the discharge index. The approach is 
purely focused on routing the rainfall through the sub-catchment to the catchment outlet. 
 
The idea behind the approach is that: 
• During heavy rainfall storage within the catchment is negligible small. 
• Runoff processes are uniform within the sub-catchment. 
• Time of concentration of one sub-catchment is approximately one day. 
• Necessity of continuous modelling. 
 
In the current project the Muskingum routing (McCarthy, 1938) is used (see Equation 1). 
With this routing routine it is possible to transform rainfall to discharge and route the 
resulting flood wave, based on the lag time of the catchment. To do this the hydraulic 
length of the catchment, e.g. the longest distance along the flow path within a catchment 
and the average slope of the catchment need to be determined. According to the land 
use (urban or scrub area) a curve number is derived. These parameters together are 
used to calculate the lag time (see With Xurban = 0.4 and Xrural = 0.1 
 
Equation 2). 
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The lag time of the catchment is the K parameter. Depending on the character of the 
catchment (natural stream or highly channelized) an x-parameter is derived. These two 
parameters affect the length of the flood wave and the time of the peak flow. 
 
 
Examples 
In the following figures two examples of the approach are presented. The first is an 
example of an urban catchment with a fast reaction to rainfall; the second one is a rural 
catchment with long lag times. 
 
Urban catchment 

 
Rural catchment 
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Equations 
Equation 1: Muskingum Formulas 
 

 
With Xurban = 0.4 and Xrural = 0.1 
 
Equation 2: Equation for the calculation of the lag time 
 

  
 
with CNresidential = 88 and CNscrub = 58 
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