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This paper presents two operational inflow forecasting systems (IFS) that have been recently installed for 
hydropower plants at the Niger River in West Africa and at the Zambezi River in southern Africa. Both systems use 
hydrological models forced with satellite rainfall data and numerical weather forecasts to issue daily flow forecasts 
over the next two weeks. In addition, a seasonal flow forecast with an outlook over the next months is provided using 
historical rainfall ensembles. The latest observed flow data at key gauges are used to update the system states. 

Already in the first year of operation the Kainji-Jebba IFS, which was installed in 2017, proved to be very valuable 
as extremely low inflow conditions (lower than in the past 20 years) were forecasted correctly five months in 
advance. This enabled timely reaction from the hydropower operator by adapting the annual energy generation 
planning with adjusted reservoir operation at Kainji-Jebba hydropower plants. The Kainji-Jebba IFS again proved its 
value during the 2018 rainy season, where a significant part of the flow volume during extremely high flood inflow 
could be retained in Kainji reservoir to mitigate downstream damage during the flood. The Kainji-Jebba IFS is 
currently extended to also provide flow forecasts for a large-scale sugar plantation located 50 km downstream of 
Jebba HPP. 

A similar system was installed for Kariba reservoir, one of the largest hydropower plants at the Zambezi River in 
southern Africa. Operational flow forecasts started to be issued in November 2018, providing timely reservoir inflow 
forecasts for the first time during the 2019 flood season. 

This paper outlines the key features of the Kainji-Jebba and Kariba inflow forecasting systems. The achievable lead-
time for skilful flow forecasts is discussed, as this strongly depends on the season and the characteristics of the basin. 
The paper closes with a discussion of possible system extension to other hydropower plants in the region. 

 

 

 

 

 

 

 

 



1. Background 
Hydropower operators have to constantly adapt to the current inflow conditions. In African river basins, with 
considerable seasonal and year-to-year variations in flow, this poses a significant challenge for optimal hydropower 
generation. Near real-time information about water resources availability is often limited, as many of the African 
hydropower plants (HPP) are located in remote, data sparse regions with a poor rainfall station and flow gauging 
network. In the last years the advent of satellite-based rainfall products have opened new possibilities for setting up 
flow forecasting systems with reduced costs when this information is efficiently used. These forecasting systems can 
provide timely information about expected reservoir inflows to support release decisions and optimal utilization of 
the water resources, which are limited in years of drought and pose a risk in years of exceptional floods. 

 

2. Pöyry’s Inflow Forecasting System software 

Over the last years Pöyry has developed a powerful Inflow Forecasting System (IFS) software, specifically tailored 
for hydropower applications. The software is installed on a server, where it runs fully automatically to issue new 
flow forecasts every day. Users can access the forecasts via a web browser (user account required) and a map-based 
graphical user interface. 

At the core of the system is a hydrological model to simulate the flow conditions in the river basin in daily time-
steps. This model is linked to an operational planning tool for hydropower operations. The focus of this paper is only 
on the hydrological model, where the key features are explained below. 

The main purpose of the hydrological model is to forecast the inflow to a hydropower plant several days, weeks, and 
months in advance. 

The required inputs for the hydrological model are: 

• Precipitation (rainfall) data: 

o Satellite based rainfall data 

o Numerical weather forecast 

o Historical rainfall years for ensemble forecasting 

• Air temperature data: 

o Numerical weather model 

The above data sources are available for the full African continent and are updated near real-time every day. No 
local, ground-based station network is required for operational application of the model. An advanced pre-processor 
is applied to convert these data sources into bias-corrected inputs for the hydrological model. 

Fig. 1 displays the conceptual structure of the hydrological model (Kling et al. 2015a). The model converts rainfall to 
runoff, which is aggregated and routed along the river network to compute river flow. Flood attenuation in lakes and 
floodplains is considered in a separate module of the model. Here, evaporation losses as well as storage of water in 
the floodplain are important processes to correctly simulate the transformation of inflow to outflow. As an example 
illustrating the impact of floodplains on river flow, Fig. 2 shows the simulated inflow and outflow of the Inner Niger 
Delta at the Niger River and the Barotse Floodplain at the Zambezi River. 
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Fig. 1: Conceptual structure of the hydrological model, consisting of a precipitation runoff model (left) and a water allocation 
model (right). ETp: potential evapotranspiration (calculated from air temperature data). Precip: precipitation (rainfall). ETa: 

actual evapotranspiration. Evapo: evaporation losses from open water bodies. Q: river flow. 

 

Inflow
Inflow

Outflow Outflow

Inner Niger Delta Barotse Floodplain

 
Fig. 2: Illustrative example of floodplain modelling. Left: Inner Delta of the Niger River in Mali near Dire. Right: Barotse 

Floodplain of the Zambezi River in Zambia near Senanga. 

 

 

 

 



The following optional data sources can be used by the model (if available): 

• Observed data at flow gauges: 

o River flow (m³/s) 

o River water level (m) 

• Observed data at reservoirs 

o Water level in reservoir 

o Outflow from reservoir 

The above data sources are not required, but if available, these data allow to update the simulated system states for 
improving the flow forecasts. 

The model runs fully automatically and issues new flow forecasts every day. Two types of forecasts with different 
lead-times are issued: 

• Short-term forecast: 

o Flow forecast for the next 14 days 

o Uses numerical weather forecast 

• Seasonal forecast 

o Flow outlook over the next 12 months 

o Uses an ensemble of 20 historical rainfall years for the flow forecast 

The short-term flow forecast is a deterministic forecast over the next days, which is updated every day as soon as 
new weather forecast data become available. In contrast, the seasonal flow forecast over the next 12 months does not 
use a forecast for rainfall. Instead, 20 different rainfall scenarios are used for simulation of the flow conditions. The 
skill in the seasonal flow forecast stems from initial soil moisture conditions (simulated based on the latest satellite 
rainfall data) and flow routing from the upper parts of the catchment. 

 

3. Operational application for hydropower plants in Africa 

The Inflow Forecasting System (IFS) was set-up to provide operational inflow forecasts for large hydropower plants 
in Africa: 

• Kainji-Jebba IFS: Niger River in West Africa 

o Kainji HPP, 760 MW installed capacity (currently capacity recovery program) 

o Jebba HPP, 580 MW installed capacity 

• Kariba IFS: Zambezi River in southern Africa 

o Kariba HPP, 2140 MW installed capacity 

o Victoria Falls HPP, 108 MW installed capacity 

Fig. 3 shows the location of the Niger and Zambezi rivers. Both rivers have large contributing catchments upstream 
of the hydropower plants of 1,117,000 km² upstream Jebba HPP and 677,000 km² upstream Kariba HPP. At both 
hydropower plants the mean annual inflow is about 1300 m³/s, but shows large year to year variations. Inflow is 
highly seasonal, with floods during the rainy season and almost zero inflow in the dry season. Inflow is highly 
sensitive to only small variations in annual rainfall (Kling et al. 2014, Kling et al. 2015b, Stanzel et al. 2018). 

In both IFS applications, the model simulates the rainfall-runoff process in about 100 sub-catchments and issues 
inflow forecasts for the hydropower plants as well as flow forecasts at about 15 locations in the upstream basin. The 
flow forecast locations are shown in Fig. 4 and Fig. 5. 



Fig. 6 shows an example for the short-term flow forecast issued by the Kariba IFS. This forecast is updated 
automatically every day based on the latest satellite rainfall measurements and the newest weather forecast data. The 
model also provides inflow and water level forecasts for the reservoirs, but this is not shown here due to 
confidentiality of the data. Only registered users have full access to the forecasts. 

The seasonal flow forecast for the Zambezi River at Victoria Falls is shown in Fig. 7. This is the main gauge 
measuring inflow to Kariba reservoir. The spread between individual forecasts indicates the uncertainty in the flow 
forecast. In the first few weeks the spread is relatively narrow, but then increases considerably due to high 
uncertainty in the rainfall amount at the peak of the rainy season. This spread in the forecast will narrow as we 
progress towards the end of the rainy season. 

 

 
Fig. 3: Map showing the basins of the Niger River (Kainji-Jebba IFS) and Zambezi River (Kariba IFS) in Africa. Near real-time 

satellite rainfall map shown as overlay. 
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Fig. 4: Overview map of the Kainji-Jebba IFS. The orange area shows the Niger basin upstream Jebba HPP. The points in the 

map represent flow forecast locations. Key locations have black labels. 
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Fig. 5: Overview map of the Kariba IFS. The orange area shows the Zambezi basin upstream Kariba HPP. The points in the map 

represent flow forecast locations. Key locations have black labels. 
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Fig. 6: Short-term flow forecast issued by the Kariba IFS on January 31st, 2019. Orange background: forecast. Grey background: 

simulation of past flow conditions. 
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Fig. 7: Seasonal flow forecast issued by the Kariba IFS on January 31st, 2019. The seasonal flow forecast is based on 20 rainfall 

ensemble members. Orange background: forecast. Grey background: simulation of past flow conditions. 

 

 

 



4. How long can we predict the flow into the future? 

The skill in a forecast is defined as being able to correctly predict the flow conditions into the future. The lead-time 
gives the length of the time period between the date of the forecast issued and the date of the flow predicted in the 
future. It is desirable to have a long lead-time with high skill so that hydropower operations can adapt early to 
changes in inflow conditions, especially during floods or droughts. 

A typical question is how long do the flow forecasts have skill? Is it just a few days, or is it several weeks or months 
into the future? What is the achievable lead-time with good quality forecasts? 

To address these questions the IFS model was applied for retrospective forecasts over the last 20 years. On the first 
day of each month the seasonal ensemble flow forecasts were simulated for the next 12 months and compared to 
actual, observed flows. The results for different lead times (1 month, 2 months, up to 12 months outlook) were 
evaluated statistically with a performance metric (KGE, Gupta et al. 2009) and classified into “high quality flow 
forecasts” (KGE > 0.8) and “good quality flow forecasts” (KGE > 0.6). 

Fig. 8 shows that the achievable lead-time with good quality forecast depends on when the forecast is issued. This is 
due to the fact that hydrology is highly seasonal in the Niger and Zambezi basins and relates to when is the main 
rainfall during the rainy season. At the Niger River (Fig. 8, left), flow forecasts issued between April and August 
have only a short lead-time with high quality. Whereas forecasts issued between October and December have a 
considerably longer lead-time with good quality up to 4-6 months into the future. 

At the Zambezi River the achievable lead-time with good quality forecasts is even longer (Fig. 8, right). Forecasts 
issued in May have a lead-time with good quality up to 7 months into the future. This means that in May, IFS can 
forecast the flow until next December. In January however, just before the peak of the rainy season, the lead-time 
with good quality is only short (compare to Fig. 7). 
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Fig. 8: How long do the seasonal flow forecasts issued by IFS have good quality? Statistical evaluation for retrospective forecasts 

over the past 20 years. Left: Results for Kainji-Jebba IFS. Right: Results for Kariba IFS. 

 

 

 

 

 

 

 



Factors affecting the quality of the seasonal flow forecast include: 

• Hydrological model:  

o Conceptual structure (floodplains!) 

o Thorough, detailed calibration during model set-up 

• Impact of initial conditions 

o Soil moisture 

o Water stored in the floodplains 

• Flow routing 

o Flow time from upstream catchment to hydropower plant 

The lead-time with good quality flow forecasts could probably be extended even further if the skill in the rainfall 
forecast is improved. As currently set-up, there is zero skill in the rainfall forecast due to usage of historical rainfall 
years. Seasonal climate forecasting is a field with promising, ongoing research, but it remains to be seen how 
seasonal climate forecasts can be efficiently used in operational flow forecasting systems. 

In addition to the evaluation of the retrospective flow forecasts presented above, the flow forecasts issued by the 
operational IFS are closely monitored and compared to flow gauge data on a daily basis. At the Kainji-Jebba 
hydropower cascade the IFS forecasts are now fully integrated into the planning procedures of the hydropower 
operator. For newly installed systems, such as the Kariba IFS the close monitoring by the Zambezi River Authority 
and ZESCO during the first year of operation is a required process to learn about the reliability of the flow forecasts. 

 

5. Possible extensions of the system to other hydropower plants 

The operational inflow forecasting systems of Kainji-Jebba IFS and Kariba IFS can be extended to other African 
hydropower plants, as all input data sources are readily available. However, even more important is the considerable 
experience and know-how developed for setting-up such systems in a robust way, especially considering the 
peculiarities of data availability and special hydrological characteristics of African river basins. 

Logical extensions in the Zambezi basin would include inflow forecasts for the hydropower plants Itezhitezhi, Kafue 
Gorge Upper, Kafue Gorge Lower, Cahora Bassa, and Ngonye Falls. Similarly, in Nigeria logical extensions would 
include the hydropower plants Shiroro and Zungeru, which are located in the Kaduna River basin downstream of 
Jebba HPP. 

The extensions can either be developed as separate, parallel IFS applications, or as integrated systems, as the release 
decisions at the upstream hydropower plants affect the flow conditions at the downstream hydropower plants. 

Similar IFS applications can also be set-up in other regions in Africa. In addition, the IFS software was also set-up 
for operational flow forecasting at hydropower plants in Europe and Asia, albeit using different input data sources 
and different spatial and temporal resolutions than in the African applications. 
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