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Volta River 
Basin/Volta Lake

 Transboundary river basin: 
Ghana, Burkina Faso, Mali, 
Benin, Cote d’Ivoire, Togo

 Houses important hydropower 
plants in Ghana/Burkina Faso

 Lake: 148 Km3 at FSL 84m 
amsl

 Lake supports 1,060 MW of 
HEP at Akosombo and 160 
MW at Kpong

 Lake accounts for 85% of 
inland fish production



• Set-up and adapt the SWAT model to simulate flow, 
sediment and nutrients (NO2-N, NO3-N, PO4-P, T.PO4, 
NH4) into Lake Volta via calibration and validation 
processes; and

• Drive the calibrated SWAT model with climate scenarios to 
estimate future changes to flow, sediment and nutrients 
into Lake Volta

Study Objectives



• 76 sub-basins
• 770 HRUs
• 40 climate stations
• Model calibrated at 3 flow 

measuring  stations (Saboba on 
Oti, Nawuni on White Volta, Bui 
on Black Volta) and inlet to 
Akosombo dam

• 2 dams located upstream of lake 
were incoporated: Bui on Black 
Volta and Bagre on White Volta
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• Soil map• Land-use/-cover map
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Landuse
WEWO
WEHB
WATB
URMD
TUWO
TUMI
TUHB
TUBG
SHRB
SAVA
MIXC
MIGS
ICES
GRAS
FOMI
FOEN
FOEB
FODN
FODB
CRWO
CRIR
CRGR
CRDY
BSVG

Soils
Af18-1a-1024
Af2-1025
Ao1-ab-1046
Ao10-1a-1048
Ao11-b-1051
Ao13-1052
Ao46-a-1058
Ao59-a-1063
Ap18-2a-1071
Ap22-2a-1074
Be1-1081
Be25-1083
Be42-2-3b-1093
Be7-1b-1096
Bf5-2-3ab-1102
Bv1-1136
Bv2-1138
Bv2-3a-1140
Bv3-1141
Bv6-1145
G4-a-1198
G5-a-1199
I-60
I-Ao-1227
I-Bd-Nd-b-1229
I-Be-1230
I-Be-a-1232
I-G-1253
I-Lf-1255
I-Lf-Lp-1257
I-Lf-Rd-1264
I-Lf-c-1270
I-Lp-1274
I-Rd-79
I-Re-b-1294
I-Ws-1298
I-b-1323
J2-a-1327
Je1-1359
Lf1-1a-1423
Lf1-1a-1424
Lf12-1a-1427
Lf12-a-1429
Lf12-b-1431
Lf13-1432
Lf18-1434
Lf20-1a-1436
Lf25-1438
Lf26-a-1442
Lf26-a-1443
Lf26-a-1444
Lf30-132
Lf30-1a-1450
Lf31-a-1453
Lf32-1a-1457
Lf32-a-1458

Ws12-1a-1751
Ws4-1757
Ws4-1a-1758
Ws6-1760
Ws6-1a-1761

WATER-1972

Major landcover Coverage (%) Major soil types Coverage (%)
Savanna (consists of 
grass and shrubs)

84 Luvisols (low nutrients, unstable soil 
structure, leading to erosion)

70

Cropland/woodland 11 Regosols 14

Grassland 2 Lithosols 12

Land-use/-cover & soil data



• Calibration/validation done in SWAT-CUP SUFI2
• Model warm-up period: 1981-1982 (2 years)
• Calibration period: 1983-2002 (20 years)
• Validation period: 2003-2010 (8 years)

SWAT model calibration/validation

Sensitivity analysis
• Done to select parameters most sensitive to flow, sediment and 

nutrient to focus on for calibration
• Global sensitivity analysis done in SWAT-CUP followed by a t-

test that helped to rank model parameters according to 
sensitivity to flow, sediment and nutrients

Sensitivity analysis & calibration
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where Oi is the measured data; Pi is the simulated data; 

is the mean of the measured data; 

is the mean of the simulated data; and N is the number of compared values

Performance

rating
RSR NSE R2

PBIAS (%)

Streamflow Sediment

Very good 0.00 ≤ RSR ≤ 0.50 0.75 < NSE ≤ 1.00 PBIAS < ±10 PBIAS < ±15

Good 0.50 < RSR ≤ 0.60 0.65 < NSE ≤ 0.75 ±10 ≤ PBIAS < ±15 ±15 ≤ PBIAS < ±30

Satisfactory 0.60 < RSR ≤ 0.70 0.50 < NSE ≤ 0.65 >0.6 ±15 ≤ PBIAS < ±25 ±30 ≤ PBIAS < ±55

Unsatisfactory RSR > 0.70 NSE ≤ 0.50 <0.6 PBIAS ≥ ±25 PBIAS ≥ ±55

Model performance evaluation

Model performance criterion (Moriasi et al., 2007)



• Parameter uncertainty analysis conducted in SUFI2 of SWAT-
CUP to account for all uncertainty

• Two factors, R & P proposed by Abasspour et al, 2004 were 
calculated as a measure of the uncertainty

• P-factor denotes the percentage of measured data enveloped 
by a 95% prediction uncertainty (95 PPU); ideal value is 1

• R-factor gives the thickness of the 95PPU, a measure of the 
quality of the calibration; ideal value is zero

Uncertainty Analysis



Results on discharge/sediment



Rank Parameter Name t-Stat1 P-Value2

1 r_CN2.mgt -13.57 0.05

2 v_GWQMN.gw 13.01 0.05

3 v_ALPHA_BNK.rte -11.44 0.06

4 v_ REVAPMN.gw 10.68 0.06

5 v_GW_DELAY.gw 8.89 0.07

6 v _RCHRG_DP.gw -7.22 0.09

7 v_CH_N2.rte -6.85 0.09

8 v_ESCO.hru -6.33 0.10

9 r __SOL_AWC.sol 5.00 0.13

10 v_ALPHA_BF.gw 3.98 0.16

11 v_CH_K2.rte 3.11 0.20

Rank Parameter Name t-Stat1 P-Value2

1 v_PRF.bsn 9.34 0.08

2 v_SPCON.bsn -8.05 0.09

3 v_ SPEXP.bsn 7.47 0.12

4 v_CH_EROD.rte -6.91 0.12

5 v _CH_COV.rte -5.43 0.13

6 r_USLE_P.mgt 3.88 0.15

7 r_USLE_K.sol 2.26 0.19

Flow sensitive parameters Sediment sensitive parameters

Sensitivity Analysis
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Calibration/validation of discharge - Cont.
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Calibration/validation of discharge - Cont.



R2 NSE PBIAS RSR P-factor R-factor
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Calibration/validation of discharge - Cont.
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Calibration/validation of sediment
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Calibration/validation of sediment - Cont.
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Projected changes in water /sediment flows into Lake Volta for the future (2051-2080), relative to 
the baseline (1983-2010) based on ensemble of 10 climate projections for RCP4.5 and RCP8.5

Discharge Sediment
Scenario RCP4.5 RCP8.5 RCP4.5 RCP8.5

Lake Volta Range -21.7 to -31.6 -13.2 to -23.8 -29.4 to +3.2 -15.1 to +6.3

Ens. mean -27 -21 -15 -4

Black Volta Range -9.4 to -21.3 +11.5 to -12.8 -3.4 to -9.7 -1.7 to -5.6

Ens. mean -11 -8 -9 -2

White Volta Range -19.9 to -27.3 +2.2 to -21.3 +11.7 to -23.9 -7.6 to -18.5

Ens. mean -25 -16 -19 -10

Oti Range -26.1 to -48.6 -24.0 to -39.5 -8.2 to -27.9 -7.2 to -23.7

Ens. mean -45 -32 -18 -13

Projected changes in annual discharge/sediment



Projected changes in monthly discharge
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• The SWAT model was successfully adapted to the Volta basin to 
simulate water and sediment flows into the Volta Lake

• Discharge into the lake is projected to reduce, on average, between 
20% and 27% in the future (2051-2080), relative to the baseline 
(1983-2010), with negative consequences for hydropower power 
generation

• Discharge reductions will occur mostly in the peak months of 
August-October, which will negatively impact on spawning of some 
species of fish in the Lake (e.g. Tilapia, Aletes, Synodontis)

• Sediment inflow to the lake is projected to decrease, on average 
between 4% and 15% in the future (2051-2080), relative to the 
baseline (1983-2010)

• Alternative energy sources (e.g. solar) will be required; also, 
aquaculture may have to be intensified to make up for any loss 

Conclusions
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