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Objectives
Reservoir Operations for Hydropower Production in Africa

• To optimize reservoir operation for maximum hydropower production in 
Africa through the utilization of remote sensing data and seasonal climate 
forecasts in a DSS.

Main Components of DSS

a) Climate System
Seasonal (30-180 
day)
Climate Forecast

c) Optimization 
System
Optimal reservoir 
operation solutions

Updates on actual 
reservoir storage

Actual 
reservoir 
operations

Proposed DSS for Hydropower Reservoir Operation

b) Hydrology & 
Water Resources 
System
Watershed modeling 
including reservoirs
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Project Areas
Omo-Gibe 
basin 
(Ethiopia):
Gibe I, II, III, 
IV, V

Pangani 
basin 
(Tanzania):
Nyumba ya
Mungu



RMSE Forecast Skills at 2.5 months lead

IC: APRIL for JJA IC: OCTOBER for DJF
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Seasonal Forecasts for Case Study Regions

Reservoir Operations for Hydropower Production in Africa



Reservoir Operations for Hydropower Production in Africa

20
11

-2
01

4 
 C

at
ch

m
en

t R
ai

nf
al

l (
m

m
/d

ay
)

---- OBS
---- ECMWF
---- NCEP 
---- CMC
---- UKMET

Forecasts
Day 0-4

Seasonal cycles and bias in extended range forecasts (2011-2015)

Large 
positive 
biases 
over the 
Omo Gibe 
basin in 
June - Sep 
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Skill in extended range forecasts

Relationship between catchment 
area and anomaly correlation skill

Day 0, ECMWF forecast

Omo Gibe Basin

Correlation Coefficient
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Real-time Climate Decision 
Support Web Tool

For catchment-based 
precipitation forecasts:
-- short-range (daily), 
-- mid-range (5- to 15-day), -
- seasonal (1- to 6-months)

http://gis.ucar.edu/nasa-east-africa-hydropower-forecasting
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Select an averaging length …
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Select a forecasting window …
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Select a weather center or satellite product …
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Real-time Climate Decision 
Support Web Tool

Pop-up windows provide:

-- basin-integrated ensemble 
min, mean, max values 

-- basin most recent past 
and forecasted time-series 
(ensemble mean red
min/max black) 

-- downloadable data files for 
user community



Next Steps
Reservoir Operations for Hydropower Production in Africa

• Climate forecast improvement and spatial downscaling

• Hydrologic forecasting

• Optimization

• DSS software integration 
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Evaluation and Improvement of Seasonal Forecasts
• Seasonal forecasts from 8 NMME 

models (each with10-24 ensemble sizes, 
0.5-11.5 months of lead time, and 
monthly initializations for 1982-2010)

• The CPC Unified rain gauge and TRMM 
merged rainfall are used for validation

• The project domain is the East Africa 
Power Pool region (the left map extent)

• Two case study regions are used for time 
series comparison:

– Omo Ghibe basin region, Ethiopia
– Pangani basin region, Tanzania

• Validation of seasonal forecasts

• Combination of models’ forecasts

• Spatial downscaling and bias correction
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RMSE Forecast Skills for Initializations and Leads

Lower Omo Ghibe Basin Pangani NYM Basin

Reservoir Operations for Hydropower Production in Africa



Geophysical Dynamics and forecast challenges:

-Complex topography and interactions between ITCZ and monsoon flows make 
for complicated spatial patterns.

-Varying seasonal cycles and drivers of precipitation even in neighboring 
catchments.

-Not a lot of spatial coherence in the inter-annual variability of precipitation, 
especially during the spring (MAM) season

-Timing of onset of the rainy season in March-May may be related to the 
development of the Somali Jet.

Simulation of rainy season onset in 2003

Southern Ethiopia 
Rainfall

Cross Equatorial Winds



MAM
Red: ENSO 3.4 SST anom
Cyan: Catchment 8 precip anom
Blue : Catchments 9-13 precip anom

8 9 10 11 12 13
-0.29 0.61 0.59 0.24 0.42 0.39

Correlations between catchments 8-11 and NINO 
3.4 



JJA
Red: ENSO 3.4 SST anom
Blue : Catchments 1,3,5,8,11,12 precip anom

1 3 5 8 11 12
-0.23 -0.45 -0.21 0.00 -0.10 -0.41

Correlations between catchments 8-11 and NINO 
3.4 



SON
Red: ENSO 3.4 SST anom
Cyan: Catchment 8 precip anom
Blue : Catchments 9-13 precip anom

8 9 10 11 12 13
0.19 0.34 0.23 0.26 -0.14 0.21

Correlations between catchments 8-11 and NINO 
3.4 

2010 
drought



Summary of ENSO teleconnections from my dissertation literature review 
(needs to be updated!):

Summer (JJAS) rainfall in northern Ethiopia / Eritrea negatively correlated with 
ENSO
Beltrando and Camberlin, 1993; Camberlin, 1995; Gissila et al., 2004; Segele and 
Lamb, 2005; Korecha and Barnston, 2007;

Fall (ON) rainfall in southern GHA positively correlated with ENSO and IOD
Ogallo, 1998; Hastenrath et al, 1993; Indeje et al, 2000; Mutai and Ward, 2000

Spring (MAM) rainfall is more complicated and there is not a lot of coherence in 
interannual variability between different regions and between the beginning and 
end of the season.  If anything, though, there does appear to be a weak negative 
correlation with ENSO.  Camberlin and Philippon, 2002; Indeje et al., 2000; 
Camberlin and Okoola 2003; Diro et al, 2008

I’m currently putting together a more comprehensive list of more recent studies.





2001-2015 :Correlation of MAM SSTs with MAM Omo-Gibe basin rainfall
R= -0.17 Nino 3.4 vs. Omo-Gibe MAM precip



2000-2015: Correlation of JJA SSTs with JJA Omo-Gibe basin rainfall
R= -0.08 Nino 3.4 vs. Omo-Gibe JJA precip



2000-2015: Correlation of SON SSTs with SON Omo-Gibe basin rainfall
R=0.25 Nino 3.4 vs. Omo-Gibe SON precip



Example of Quantile 
Regression (QR)

Our application

Fitting T quantiles 
using QR 
conditioned on:

1) Ranked forecast 
ens

2) ensemble mean

3) ensemble median

4) ensemble stdev

5) Persistence

Hopson and Hacker 201
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Time
forecastsobserved

Regressor set: 
1. reforecast ens
2. ens mean
3. ens stdev  
4. persistence 
5. LR quantile 
(not shown)

Pr
ob

ab
ilit

y/
°

K

Temperature [K]

climatological
PDF

Step I: Determine
climatological quantiles

Step 2: For each quan, use forward step-wise
cross-validation to select best regress set
Selection requires: a) min QR cost function, 
b) binomial distrib at 95% confidence
If requirements not met, retain climatological “prior”

1.

3.
2.

4.

Step 3: segregate forecasts based on ens 
dispersion; refit models (Step 2) for each 
range

Time

forecasts
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PDF

prior

posterior

Final result: “sharper” posterior PDF
represented by interpolated quans

Hopson and Hacker 201
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