
Flood early warning system for sustainable improvement of rice 
production in Guinea Bissau.

 Abstract

Within the framework of the MALMON-DeSIRA project "Mangrove, mangrove rice: sustainably improving rice production, mangrove ecosystems and people's 
livelihoods in Guinea Bissau", funded by the European Commission, an early warning system (EWS) for marine flooding risks is planned to address the vulnerability of 
rice fields to these phenomena. Indeed, Bissau-Guinea rice fields are threatened by sea level rise and are increasingly exposed to flooding due to tides of unusual 
amplitudes (such as those observed during the 2015 and 2017 rainy seasons). These marine submersions lead to the salinisation of the land and water and progressively 
make them unfit for agriculture. They also sometimes force some families to abandon their homes. Thus, one of the main objectives of our thesis is to set up an 
operational ocean model based on CROCO for analysing and assessing flood risks in rice fields, so that farmers can reinforce their dykes in time in the event of a 
proven flood risk. The model calibration and validation relies on the implementation of a new high-precision network of tide gauges for measuring sea level variations 
and analyse the characteristics of tides near the coasts and inside the estuaries. 
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Context

The early warning system (EWS) that we want to set up is part of the 
MALMON-DeSIRA project funded by the European Commission. The 
main objective is to contribute to the sustainable improvement of 
mangrove rice production in Guinea-Bissau in the face of threats posed 
by climate variability and change. Rice is the staple food of the Guinea-
Bissau population but rice fields are threatened by rising sea levels and 
are increasingly exposed to flooding. These marine submersions lead to 
salinisation of land and water, which in turn leads to: (1) a decrease of 
arable land; (2) a decrease of agricultural yields (3) and an increase of 
poverty and the risk of conflict of use in general. Thus, our objectives is 
to address this issue by developing a high-precision operational ocean 
model able to predict the risks of marine flooding.

To achieve our objectives, we are using: (1) the high resolution regional 
ocean model (CROCO); (2) the along-track altimetric tides (X-TRACK 
Tidal Constants) from CTOH; (3) data of tide gauges installed within 
the framework of the Malmon-DeSIRA project (11 devices in total, for 
the moment, distributed from north to south of Guinea Bissau, 
including eight pressure sensor tide gauges (CTD, Orpheus-mini, 
ECOLOG 800) and three radar tide gauges (OTT RLS) (See the 
bathymetric map of the study area and location of some tide gauges 
below).

Fig.3 : Tide gauges implementation map and bathymetry 
(GEBCO)

Fig.1 : Radar of Cadique-nalou

Data and methods

Fig.2 : Ecolog800 of Mansoa bridge

The positions of tide gauges are shown in Fig.3 and altimetric tracks in 
Fig.5. However, we have only presented, in this poster, the analyses on 
Bissau and the maps of amplitude of the main constituents (Fig.6) from 
CROCO, which represents the first tidal charts in this region. The 
harmonics are calculated with the T_TIDE software (Pawlowicz, et al., 
2002) used by the matlab routine valid_tides.m of the croco_tools. The 
dominant tides are semi-diurnal: M2 (lunar major), S2 (solar major) and 
N2 (lunar elliptical major).  It also appears significant tides of diurnal 
types (K1 and O1). We calculated the model errors and these are within 
the standard of results obtained in the literature (eg, Nguyen et al. 2014).

Fig.4: Tidal height in Bissau in September 2021 (mean sea level is removed)

Fig.5 : Topex/Poseidon and Jason1/2 satellite tracks near Guinea-Bissau on the right and 
comparison of tidal heights between altimetry, forcing (TPXO9) and model (CROCO) in 
September 2021.

Fig.6 : Amplitude maps (m) of the main tidal constituents (M2, S2, N2 and K1) in Guinea Bissau

Perspectives

We plan to (1) use the S2SHORES satellite bathymetry product that is 
being developed at LEGOS to test the influence of fine-scale bathymetry on 
the tide; (2) study the resonance within estuaries and to determine the 
resonant frequencies for a better tide prediction; (3) set up a floods early 
warning system using the forecasting tools of croco_tools (Marchesiello et 
al., 2010).

Results and discussion

We compared the harmonic components, in terms of amplitude and 
phase, of the tides simulated by CROCO with those tide gauges inside 
estuaries (at Bissau) and with those of altimetric tides in the coastal 
zone. Global TPXO tides that are used to force the model at the 
boundaries are also compared for consistency.
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