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Abstract. The African regions have been affected by frequent flood-related disasters. To support decision-
makers in flood disaster management, a real-time flood monitoring system was established in the Niger and
Volta basins under the Water disaster platform to enhance climate resilience in Africa (WADiRE-Africa). To
bridge a gap between data unavailability and inaccessibility, the near-real-time satellite rainfall data (GSMaP-
NRT) was evaluated and found to have a very low correlation ( < 0.4) with gauge data at daily scales and a higher
correlation (> 0.7) at monthly scales. The statistically bias-corrected GSMaP-NRT data was used in the Water
and Energy Budget-based Rainfall-Runoff-Inundation (WEB-RRI) model to generate hydrological responses of
the basins. As the simulated river discharges were overestimated, an additional correction method was employed
for the GSMaP-NRT data to match well with observed discharges. The prototype system provides real-time flood
information in both basins.

1 Introduction

Flood disasters have magnified over the last decade due to
global changes (e.g. global warming, population increase,
and land-use changes). Though Flood Early Warning Sys-
tem (FEWS) services are proven life-savers and crucial
for flood risk management, those services are woefully in-
sufficient for those who need them most, and half the
world is not prepared for disasters (https://wmo.int/media/
news/un-warns-half-world-not-prepared-disasters, last ac-
cess: 19 April 2024).

Especially, the West African regions have been affected
by frequent flood-related disasters (Floodlist News in Africa,
2020) hindering the region’s sustainable development and re-
quiring the capacity to predict, monitor, and mitigate flood
disasters in the countries of the Niger and Volta basins. De-
spite various efforts by international donor organizations to
bridge gaps in in-situ data, modeling technology, and capac-

ity building in the West Africa region, these gaps remain the
main challenge preventing a setup of FEWS to produce re-
liable outputs for policymakers in the West Africa region.
In addition, the Niger and Volta basin countries lack flood-
disaster management practices to prepare for disasters in ad-
vance. Given this situation, and to increase flood disaster
preparedness and resilience, UNESCO IHP with help from
the Government of Japan initiated the regional project ti-
tled “Water Disaster Platform to Enhance Climate Resilience
in Africa” (WADiRE-Africa). The project was implemented
in the Niger and Volta River basins by International Centre
for Water Hazard and Risk Management (ICHARM), UN-
ESCO Intergovernmental Hydrological Programme (IHP),
and AGRHYMET Regional Center in collaboration with the
Niger Basin Authority (NBA) and the Volta Basin Authority
(VBA).
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Figure 1. FEWS components.

2 Methodology and data

Preferably, a FEWS System (IFIS) should have the following
essential components: (a) adequate real-time rainfall obser-
vations, (b) quantitative rainfall prediction (not incorporated
in this project), (c) a runoff and inundation simulator, and
(d) a data analysis and dissemination system (Rasmy et al.,
2023). Figure 1 is the schematic diagram of major FEWS
components and the data integration.

Real-time rainfall data with adequate spatial and temporal
resolutions were unavailable in these basins. Global satellite
precipitation products (SPPs) can contribute to water-related
disaster management by improving their quality by merging
with available ground gauges for hydrological applications in
poorly gauged basins. This study used near-real-time GSMaP
products, which are available at 0.1° spatial and 1 h tempo-
ral resolutions (Kubota et al., 2020). In addition, available
ground rainfall and discharge data were obtained and used
for satellite rainfall data calibration and model verification.

Moreover, physically-based Distributed Hydrological
Models (DHMs) with the capability of simulating rainfall-
runoff-inundation processes are very effective tools for ob-
taining crucial flood-related information (i.e., peak flow,
inundation depths, and extents). this study employed the
Water and Energy Budget-based Rainfall-Runoff-Inundation
(WEB-RRI) model as a flood simulator, which has several
merits, including (a) physical formulations for evapotranspi-
ration fluxes and soil moisture dynamics to improve the accu-
racy of soil-water storages and reduce model-related uncer-
tainties; (b) the compatibility with numerical weather mod-

Figure 2. The Niger River basin (a), the upstream area (b), and the
hot spot model for Bamako city (c).

Figure 3. The Volta River basin and rain gauges (a) discharge
gauges (b) and hot-spot model for the Mango city (c).

els to estimate basin responses to model forcing data directly;
and (c) restarting capability for warm-up simulations (Rasmy
et al., 2019).

The WEB-RRI models were developed in the river basin
scale (the Niger model at 4 km grid and the Volta model at
2 km grid) and flood hot spot scale (at 0.45 km grid) (Figs. 2
and 3). Flood hot spot scale models have nested within the
regional scale WEB-RRI models by using upstream bound-
ary condition river discharge, which was simulated by the
regional scale WEB-RRI models.

Data Integration and Analysis System (DIAS) started in
2006 to collect, store, and analyze global and local data
in combination with socio-economic data, and convert data
into information useful for disaster/crisis management and
to make this information available within Japan and over-
seas (https://diasjp.net/en/about/, last access: 19 April 2024).
This study used the DIAS resources for data archiving, inte-
gration, model simulation, and information dissemination for
the Volta and the Niger River basins.

3 Results and discussion

3.1 Satellite rainfall analysis

Figure 4 is the scatter plot for the comparison between the
observed data and GSMaP-NRT data at all the rain gauge lo-
cations at daily and monthly scales during 2002–2006 in the
Volta River basin. As shown in the figures, the daily corre-
lation between observed data and GSMaP-NRT data has a
very low correlation (< 0.3), however, the monthly correla-
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Figure 4. Comparison of in-situ and GSMaP-NRT data at daily and
monthly scale during 2002–2006 in the Volta River basin.

Figure 5. Comparison of in-situ and GSMaP-NRT data at daily and
monthly scale during 2003–2007 in the Niger River basin.

tion values are very much higher (> 0.7). Similarly, the daily
correlation between observed data and GSMaP-NRT data in
the Niger basin has a very low correlation (< 0.4), however,
the monthly correlation values are very much higher (> 0.8)
as shown in Fig. 5. These results indicate that the applicabil-
ity of GSMaP-NRT monthly data is reliable and has a high
potential to be used for monthly based assessments and wa-
ter resources management, however, the GSMaP-NRT data
has to be bias-corrected to utilize for flood monitoring and
mapping applications in these poorly gauged basins reliably.

Due to the unavailability of real-time ground data, we have
estimated statistical bias correction factors based on 10 d av-
eraged products and implemented these factors in real-time
flood monitoring and mapping applications. The bias correc-
tion method used in this study is the simple gradient fitting
to unity. Figure 6 is the plots that compare the 10 d prod-
ucts of GSMaP-NRT and ground gauges before and after
the bias correction for the selected rain gauges in the Volta
River basin. The statistics are shown in the same plot. In this
method, the correlation between GSMaP-NRT and ground
observation will not be changed, however, the slope or gra-
dient of the points will be adjusted to unity. The correction
factors were calculated at each gauging point and distributed
to basin scales by the Thiessen polygon method as shown in
Fig. 7.

3.2 Hydrological simulations

3.2.1 Model calibration

The rainfall and Discharge data from 1965 to 1970 at the
limited number of stations were obtained from the Volta
River Basin Authority and used for model calibration. The
discharge data at Yarugu and Waisi stations were used as a
boundary condition to simulate discharge data at the Nawuni
station due to the unavailable of water release data from sev-
eral dams in this basin (Fig. 3). Similarly, the discharge data
at the Boromo station was used as a boundary condition to
derive discharge data at the Dapaola station.

As shown in Fig. 7a, the simulated discharge at the
Nuwuni gauging point is well comparable with the observed
discharges during the 1965 to 1970 period. Particularly, the
low-flows and peak-flows are well-matched with observed
low-flows and peak-flows. The estimated performance statis-
tics (Nash= 0.84, RMSE= 139 m3 s−1) are very high in this
station during the simulation period. On the other hand, the
simulated discharges for the same model parameters at the
Dapola station were higher and the estimated performance
statistics (Nash= 0.36, RMSE= 113 m3 s−1) were relatively
poor in this station during the simulation period. The poor
Nash value at this location was due to the unavailability of
the dam data from the upstream regions. Unfortunately, there
was no ground rainfall data was available from the upstream
part of the Niger basin for the model calibration and verifi-
cation. As a result, the same calibrated parameters from the
Volta Basin were used for the Niger Basin simulation.

3.2.2 Model validation for GSMaP data

Figure 9 compares the observed and simulated river dis-
charges derived from bias-corrected GSMaP-NRT data dur-
ing 2004–2006 at Nawuni and Dapola stations. As shown in
Fig. 9a1 and b1, the bias-corrected GSMaP-NRT data over-
estimated the peak flow, particularly during June, July, and
September. To improve the hydrological responses of the
basin, the rainfall data was further modified without chang-
ing the model assuming that the model is well calibrated us-
ing the ground data. The modification factors were identified
by trial and error method for better matching of discharges,
and the factors were January–May= 0.25, June= 0.5, and
July= 1. As shown in Fig. 9a2 and b2, after the additional
modification of the GSMaP-NRT data, the simulated dis-
charges were well-matched with observed discharges at both
locations.

Similarly, the bias-corrected GSMaP-NRT data, which
was derived from the 10 d correction factors and additional
factors (January–May= 0.25, June= 0.5, July= 1) used for
simulating hydrological responses of the Niger basin. The
model simulated discharge outputs were compared at the
Mandiana and Dialakuro stations (Fig. 2b). As shown in
Fig. 10, the simulated discharges were well-matched with
observed discharges at both locations during 2016–2018.
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Figure 6. Comparison of in-situ and GSMaP-NRT data at 10-daily and bias-correction using gradient fitting method in the Volta basin.

Figure 7. The distributed statistical bias-correction factors for (a) the Volta River basin and (b) the Niger River basin.

Figure 8. Comparison of observed and simulated river discharges
derived from observed rain data from 1965 to 1970 at (a) Nawuni
and (b) Dapola Stations.

Therefore, it is confirmed that the selected bias correction
method for GSMaP-NRT data is applicable for generating
reliable flow information in both basins.

3.3 Implementation of FEWS in DIAS

FEWS in the Volta and the Niger River basin were imple-
mented on Data Integration and Analysis System (DIAS) as
shown in Fig. 11. As shown in the figures, the near real-

Figure 9. Comparison of observed and simulated river discharges
derived from bias-corrected GSMaP-NRT data at (a1) Nawuni for
10 d factors, (a2) Nawuni for 10 d factors and additional factors,
(b1) Dapola for 10 d factors, and (b2) Dapola station for 10 d factors
and additional factors.
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Figure 10. Comparison of observed and simulated river discharges
derived from bias-corrected GSMaP-NRT data during 2016–2018
using 10 d statistical factors and additional factors as similar to the
Volta River basin at (a1) Madiana station and (a2) Dialakuro station.

Figure 11. Schematic diagram of the regional FEWS in DIAS
for the Niger and Volta River basins (DIAS logo was from https:
//diasjp.net/, last access: 19 April 2019).

time GSMaP rainfall and other data are archived on DIAS
(Steps 1–2). In Step 3, historical rainfall data of Niger-
Volta basins are manually uploaded on DIAS, which also
allows the automatic uploading of the real-time in-situ data
of each gauge. In Steps 4–5, DIAS converts archived data
into the unified data format and conducts a bias correction of
the GSMaP rainfall. The WEB-RRI models of Niger-Volta
basins are run and simulated outputs of flood discharge and
inundation depth are visualized on DIAS (Step 7). In Step 8,
model outputs and in-situ, raw, and bias-corrected GSMaP
rainfall are processed for downloading.

4 Summary and conclusion

The FEWS services are crucial for flood risk management
and the sustainable development of the nations. The Niger
and the Volta River basins in West Africa do not have ade-
quate data to implement FEWS for the effective management
of water-related disasters. This study developed an FEWS
in both river basins by utilizing available ground data, near-

real-time satellite rainfall products, and a water and energy
budget-based hydrological model.

The daily correlation between observed data and GSMaP-
NRT data has a very low correlation (< 0.4), however, the
monthly correlation values are much higher (> 0.7) in both
river basins. To utilize the GSMaP-NRT data for flood mon-
itoring and mapping applications in these poorly gauged
basins reliably, the statistical bias correction factors based
on 10 d averaged products were estimated and implemented
these factors in real-time flood monitoring and mapping
applications. The WEB-RRI model was developed at both
basins to simulate the hydrological responses of the basins.
It is found that discharge estimated for the bias-corrected
GSMaP-NRT data has overestimated the discharges, partic-
ularly during June, July, and September. To improve the hy-
drological responses of the basin, the rainfall data was further
modified by trial and error method by matching the simulated
discharges with observed discharges. It is found that the dis-
tributed 10 d correction factors together with additional rain-
fall factors (January–May= 0.25, June= 0.5, July= 1) can
simulate discharges well as compared to observed discharges
at Madiana and Dialakoro of Niger basin and Nawuni and
Dapola of Volta basin.

The FEWSs in the Volta and the Niger River basin
were implemented in DIAS by utilizing the statistical bias-
correction method and the calibrated WEB-RRI model in
both Niger and Volta River basins. The FEWS system
executes the near-real-time GSMaP satellite rainfall bias-
correction processes and feeds to the WEB-RRI model with
natural flow conditions (i.e. without considering upstream
dam impacts due to the absence of dam inflow and outflow
data). The future activity of this research will focus on im-
proving the system further by archiving more data from rele-
vant authorities in the West African region.
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