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Objectives of the GLOWA Volta Project

• Integrated analysis of the physical and social
determinants of the hydrological cycle

• Scientifically sound Decision Support System for the
assessment, sustainable use and development of the
water resources of the Volta Basin

• Development of „Human Capital“ via advanced education
and training, co-operative research and stakeholder 
participation

GVP Overview
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Volta Basin Setting

• 400,000 km²

• 6 riparian states

• 15-20 million people, $800/yr

• Average rain 1000 mm/year

• 9% to rivers (runoff, baseflow) 

• Lake Volta – largest artificial

GVP Overview
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• Climate variability, regional & global

• Rapid land use change

• Competition for water

- Hydropower

- Mining/Industry

- Irrigation 

- HouseholdsWater use

Land use

Atmosphere

Water related issues

GVP Overview
ZEF
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Assembly & preprocessing 
of Landsat mosaics 

1974-84-90-2000

Land Conversion
ZEF
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Supervised Classification of 
Images
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Land Conversion



G
LO

W
A

 V
ol

ta

Example of an Output:

Deforestation in Ghana

1991 – 2000

1991 2000

Land Conversion
ZEF
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Spatial information on
• Elevation, land use
• NDVI, SAVI
• LAI
• Albedo α, emissivity ε
• Roughness length z0m

• Vegetation cover

Assimilation of Satellite Derived Land Surface Properties 
into Hydrological and Atmospheric Model

LAI z0m NDVI

Integration of Remote Sensing

WaSiM
Distributed Hydrological 

Model

MM5
3-D Atmospheric 

Model
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Scaling Methodology
Dissertation of Joseph Intseful

Derivation of scaling laws for effective values of

MethodParameter

Geometric meanVapour saturation factor Hs
Arithmetic meanLeaf area index LAI

Geometric meanPlant insolation factor Rgl

Geometric meanMinimum stomatal resistance Rcmin

Geometric meanClapp-Hornberger soil parameter b
Geometric meanRoughness length z0

Arithmetic meanSurface albedo α

Arithmetic meanSurface emissivity ε

• Stand-alone SVAT Model (1D SVAT) 
• Full Mesoscale Meteorological Model (3D SVAT)

ZEF
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Crop Woodland Mosaic → Shrubland

Impact of Land Use Change on Precipitation

Crop Woodland Mosaic → Grassland

Change in precipitation [%], 15.7.-14.8.1998

Integration of Land Use and Atmosphere
ZEF
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Temperature Change [°C] 2030/2039 – 1991/2000

Annual mean April

Regional Climate Simulations
ZEF
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Precipitation Change [%] 2030/2039 – 1991/2000

Annual mean April

Regional Climate Simulations
ZEF



G
LO

W
A

 V
ol

ta

Evapotranspiration Change [%] 2030/2039 – 1991/2000

Annual mean April

Regional Climate Simulations 
ZEF
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Surface Runoff Change [%] 2030/2039 – 1991/2000

Annual mean April

Regional Climate Simulations ZEF
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• Orography
• Land Use
• Soil Properties
• Aquifer Properties
• Flownet Structure

• Temperature
• Precipitation
• Wind
• Relative Humidity
• Global Radiation

Evapo-
transpiration

Surface Runoff Groundwater FlowInfiltration

2.8x2.8° → 9x9 km2 Resolution

1km²x1km2 Resolution

Coupled Simulations; MM5 and WaSIM

MM5
3-D Atmospheric 

Model

WaSiM
Distributed Hydrological 

Model

Integration of Atmosphere and 
Surface Hydrology ZEF
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• Rivers, land use and gauges of the Volta Basin 
as applied in  hydrological model WASIM

• Coupled system allows estimation of change of 
river flow, recharge, evapotranspiration, etc. 

Coupled Hydrological-Meteorological Simulations
MM5, WaSIM

Meteorology ⇔ Hydrology
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Dano
Navrongo

Tamale

Ouagadougou

Kompienga

IOP 2004
Precipitation
Temperature
Radiation
Humidity
PAR
Wind
Ground Heat Flux
Soil moisture
Surface Heat Flux
Evapotranspiration
Sapflow
Runoff plots
Weirs-runoff
…

Instrumentation – Field Sites
ZEF
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Weir for Runoff Measurement

Automated Weather Station

Total & photo-
synthetically 
active radiation

Scintillometer: heat flux

Instrumentation
ZEF
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Ejura

Dano
Navrongo

Tamale

Ouagadougou

Kompienga

Field Research Sites
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Donor
Organisations

Major institutions and 
actors concerned with

water resources
management in Ghana

Ministries
and major 
national 
agencies

Regulatory 
Bodies

Actors
(sub-national 

Level)

Service providers

Research 
Institutions

Laws &  
formal 

regulations

Political office
bearers

Institutional Analysis
ZEF
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Ministry of 
Works and 
Housing
(MWH)

Ministry of Local
Government and 

Rural Development
(MlgRD)

Volta River 
Authority

(VRA)

Community Water and 
Sanitation Agency

(CWSA)

Ghana Water
Company Limited

(GWCL)

Ministry of Food and 
Agriculture (MOFA) 

Irrigation
Development

Authority
(IDA)

Ministry of Local
Government and Rural
Development (MLGRD)

Donor Organisations

Major institutions and actors
concerned with

water resources management
in Ghana

Ministries and major 
national agencies

Regulatory Bodies

Actors
(sub-national Level)

Service providers

Research Institutions

Laws &  formal 
regulations

Political office bearers

MinistryMinistry of of 
MinesMines

((GroundwaterGroundwater))

Institutional Analysis
ZEF
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Characteristics of the Institutional Set-up

 

Institutional 
characteristics: 

Medium Scale 
Project 

Small Scale 
Project 

Riverine 
Irrigation 

Multiple 
Institutions + + + + + + 

Overlapping 
Responsibilities + + + + + + 

Conflict of 
Interest + + + + + 

Rent Seeking / 
Nepotism + + + + + 

Degree of 
Legitimacy + + + + + + 

Enforceability of 
Rules + + + + 

Consequences:    

Deviant 
Behaviour + + + + + 

Unequalities + + + + + 

Inefficient 
Resource Use 

+ + +  +  

Environmental 
Sustainabilty 

+ +  + + ? 

Conflict 
 

+ + +  

Institutional Analysis of Irrigation Systems
ZEF
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1984 1999
# Dams 302 710
ha Reservoirs 4134 31200

Growth in Irrigation Water Demand

Water and Livelihood
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Ejura

Dano
Navrongo

Tamale

Ouagadougou

Kompienga

Field Research Sites
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Household water use

• Ghana Living Standards Survey

• Structured Sample Surveys

• All boreholes mapped

• Community interviews

• Water sampling

• Soil Sampling

Water and Livelihood
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• River Basin as the unit of 
analysis 

• Unified consideration of 
physical, social dimensions
of water management

• Optimize economic/allocative water efficiency subject to:

• Constraints posed by climate, hydrology, infrastructure, environment (WQ), 
laws, institutions, custom, ...

Integrated River Basin Modeling
ZEF
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Information Exchange

Hydrological Model
Input:
soil, veget., DHM, meteo, 
pumping rates, 
irrigation rates
Output:
River flow, groundwater 
table, soil moisture, …

Economic Model
Input:
prices, elasticities, 
water demand
Output:
Water use e.g. pumping 
rates,irrigation rates, etc. 

Physical surface & 
subsurface water balance

Water use and/or
optimization of water use

PHYSICAL CONSTRAINTS
WaSiM GAMS

Integrated River Basin Modeling
ZEF
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Legend

Ghana

Burkina 
Faso

TogoB1

B2

B4

B5

R1

R2

R3

R4

W5

W1

W2

W3

W4

Ot1

Pj1

Pj2

Ot2

Ot3

LkGh

Sea

Reach

Reservoir

Irrigation

Municipal

Rural

Hydro Power

Akosombo

Kpong

Tono

Bagre
Kopga

Accra

Tamale

Bolgatanga

Bagre

Wa

Boromo

Schematic, Volta Integrated Hydrosystem
ZEF
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flow from 
upstream

flow to 
downstream

abstractions
(irr, mun, ind, hp)

return flows

local 
inflows

losses

SLAQRIQ outiin ∆+++=++ ∑∑ ∑∑∑

Network Mass Balance
ZEF
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∑∑ ∑∑ ∑∑∑ ++=
t

thp
t hp

thr
tp hr

tpcir
cir

hpdPhprPcvalZ ,,,, __{

Z = total net value of water-supported economic activity

cval = value of irrigated agriculture

P_hpr = value of hydropower, reservoir 

P_hpd = value of hydropower, run-of-river

muval = value (cs) of municipal (domestic) use

indval = value of industrial use 

penalty = reservoir overdrought penalty

Subject to: environmental flow restrictions, water rights, interstate compacts, …

}
1000 ∑∑ ∑ −++

r
r

mu id

id
mu penalty

indval
muval

Unified Economic Objective Function
ZEF
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GLOWA Volta
Project

Challenge
Programs

BIOTA
West Africa

Virtual
InstituteN

IA
ES
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Small Reservoirs
Governance & Modeling

Nutrient Cycling

Dreyer Foundation
IFU
ZEF
Kiel

Biophysical, 
hydrometeorological

parameters
of terrestrial biodiversity

Research Network
ZEF
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