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1. Introduction: The third project phase of GLOWA Volta:
Synthesis and Transfer

The GLOWA Volta Project

The Volta River Basin in West Africa is in many aspects representative of large basins in
the developing world. With regard to water resources management it is among the most
challenging and most interesting basins to study in Africa. It shows steep gradients in
precipitation, spans over four agro-ecological zones, and is shared by six riparian
countries, of which the two largest, Burkina Faso and Ghana, are situated in a distinct
upstream/downstream constellation. GVP focuses its research on these two main
riparian countries, Burkina Faso and Ghana, which occupy the great majority of the
400,000km? of the Volta Basin, of 42% and 40% respectively.

The challenges the basin faces are manifold, such as the effects of global environmental
change on the spatial and temporal distribution of water and its quantities, increasing
demand through steep population growth, agricultural and industrial development, and
growing demand for hydropower. A peculiar situation in the Volta Basin is the fact that
most of the hydropower is generated in the downstream areas, at Akosombo close to
the outlet of the basin, and at Bui dam in the near future. This high demand for water in
the downstream reaches of the Volta Basin stands in conflict with upstream watershed
development and interventions. Among the challenges for conducting research in the
Volta Basin are the poor physical infrastructure, the data-poor environment, and weak
human and institutional capacity.

GLOWA Volta is hosted at the Center for Development Research (ZEF) at the University
of Bonn, and is conducted in close collaboration with research partners in Europe, the
United States of America, and West Africa. GVP is conceived as a nine-year, multi- and
trans-disciplinary study organized in three phases. Phase | (June 2000 i May 2003)
emphasized the identification of methods and models; the establishment of research
infrastructure on the ground in Ghana, the collection of baseline climatic, hydrological
and socio-economic data, and the training of the first cadre of physical and social
scientists from the Volta Basin and surrounding regions of West Africa. In Phase Il (June
2003 1 May 2006), emphasis shifted from scoping studies and data collection to the
development, testing and application of a range of numerical simulation models; as well
as process-oriented studies of important bio-physical and socio-economic phenomena.
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Phase Il (June 2007 1 May 2009) focused on the integration of Phase | and Il outputs,
emphasis on aggregate economic analysis, operationalization of Decision Support
System (DSS) components and transfer of activities and responsibilities to institutions
within the Volta Basin.

This report is intended to provide a summary of research results achieved and activities
conducted in the third phase of the GVP.

1.1 Objectives and Structural setup of research clusters

The central objective of the GLOWA Volta Project (GVP) is the analysis of the physical
and socio-economic determinants of the hydrological cycle in the Volta Basin in the face
of global climate change. The main challenges for research and water management are
the climatic variability within the basin, limited spatio-temporal data coverage for climate,
hydrology, and land use data, as well as the heterogeneous institutional and socio-
cultural environment. Key aspects of the GVP research include sampling strategies and
scaling techniques to bridge data gaps, and the development of models on land use and
land cover change, water supply and demand, and to simulate human-environmental
interactions. Through interdisciplinary research, the project aims at supporting
sustainable water resource management in the Volta Basin, providing an integrated
assessment of environmental change and its impact. The main aim is the development
of ADecision Support Resourceso that wildl hel
and the other riparian countries to optimize water allocation.

The overall objectives of GVP, throughout all three phases, were
71 to provide an analysis of the physical and socio-economic determinants of the
hydrological cycle within the Volta Basin, and
1 to develop a scientifically sound Decision Support System (DSS) for the
assessment, sustainable use and developmentof t he Basi ndés water

Although not implicitly stated as an overall objective in the proposals of the Phases | to
lll, capacity development (human capital) was an additional, elementary cornerstone of
the project. Capacity building and knowledge transfer have been pursued throughout the
project by conducting much of the research with students and researchers from the
Basin, and close collaboration with the GVP research network of Ghanaian and
Burkinabe counterparts.

While the project Phases | and Il were organized along the research clusters
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AAt mospheredo, ALand useo, and AWater useo to
project structure was re-organized for Phase Ill to better match the more operational
requirements of the third project phase. The structuring of the research clusters and

work packages was changed to reflect the priorities placed on the integration of Phase |

and Il research results, knowledge, data and tools, to set greater emphasis on economic

analysis at aggregated and sectoral levels, and to shift the orientation from research to
operational modes, emphasizing on the delivery of services described in previous

phases of GVP research.

I n Phase L, t he project was organi zed al
Distibut i ondo (Cl uster STer nit ABbrav iyrsa rsmeonft al o nGgh an g e
AwWater Demando (Cluster D), AConsortium Buil d

and AGLOWA Volta Decision Support Systemo (CI

se, Hydrology Economics, Institutions, Stakehgtd
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Figure 1: GLOWA Volta Phase Il Research Clusters

\

The Analysis of Long-Term Environmental Change (E) cluster focuses on
environmental changes endogenous to the Volta Basin that evolve over decadal time
scales. These changes, such as alterations in land cover, soil degradation and loss of
wetlands reflect complex interactions and feedbacks between climate, human settlement
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and economic activities. Cluster E carries forward much of the work conducted within
the previous Land Use cluster. Primary objectives are (i) to provide credible future land
cover scenarios required by climate and hydrology models, and (ii) to provide decision
support tools for proactive land management on the local and basin scales. The cluster
components cover the Automated Classification of Remotely Sensed Images (E1),
Cellular Automata (E2), GVP-LUDAS (E3), and Land-use Change Predictions and Land-
use Policy (E4).

The Water Supply and Distribution (S) cluster encompasses the analysis of physical
water distribution and availability in space and time, inclusive of atmospheric, surface
and subsurface hydrologic processes. It contains most of the elements of the previous
Atmosphere cluster, runoff and hydraulic routing models, and is extended to include the
analysis of climatic and hydrologic phenomena and investigation of groundwater
recharge. Cluster S consists of four subprojects, Hydrometeorological Modeling (S1),
the Hydrometeorological Observatory (S2), Remote Sensing and surface energy
balance (S3), and Surface, Soil and Groundwater monitoring (S4).

The Water Demand and Management (D) cluster consists largely of integrative
activities that build extensively on research conducted within Phase Il on operations
research modeling of water-demanding economic sectors. It integrates Phase 1l work
packages on Water and Livelihood, Institutional Analysis, Household Decision-making
and Policy Response, the White Volta Policy Pilot, Policy Dialog at Basin Level, and
some aspects of Technical Integration of Socio-Economic and Environmental Modeling
Sub-Systems. The demand cluster has three components: Agricultural Water Demand
(D1), Non-Agricultural Water Demand (D2), and an Integrated Demand Simulation
framework (D3)

The fourth research cluster is Consortium Building for Technology Transfer (C): The
success of the GLOWA Volta Project will ultimately be measured by the continuity of
activities within the region following completion of GVP. GVP has built an effective
network of partners in Ghana and Burkina Faso, as well as a consortium of international
organizations including KACE, IWMI and UNU. During Phase lll these three institutions
will progressively assume leadership of project activities, with the ultimate objective of
transferring ownership to capable institutional partners within all 6 riparian states.
Cluster C covers Knowledge Exchange and Participatory Decision Support (C1),
Transboundary Water Management (C2), and Consortium building, Training and
Outreach in use of DSS (C3).
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The final cluster, GLOWA Volta Decision Support System (I) encompasses technical
activities required for the implementation of a scientifically sound DSS. DSS encompass
a wide range of scientific simulation tools embodying various methodological
approaches and technologies. However, there are several reasons why DSS are not
often used effectively at the management level, including lack of user-friendly interfaces,
insufficient involvement of potential end-users in software development, poor
identification of user needs and lack of adequate system infrastructure. The primary goal
of cluster | is to facilitate the development of an effective, user-friendly DSS
infrastructure for water management in the Volta Basin. In the third project phase, the
GVP has consolidated a multi-level GLOWA Volta Decision Support approach (Figure
2), which provides different sets of decision support at the scale appropriate to address
the problems. Cluster | covers Requirements Engineering (I11), GVDSS infrastructure
(12), and GVDSS Workbench (13).

GLOWA Volta Decision Support Resources
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Figure 2: The GLOWA Volta Decision Support Resources
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1.2 Capacity Building

Capacity building is the process of developing and strengthening the skills, abilities, and

resources that organizations and communities need to survive, adapt, and thrive in the
fast-changing world (after Philbin 1996') . A A fundamental goal i's to
evaluate and address the crucial questions related to policy choices and modes of
implementation among development options, based on an understanding of
environment potentials and limits and of needs perceived by the people of the country
concerned"(UNCED, 19922).

The capacity building in the GLOWA Volta Project focused on three main pillars, the
development of Human Capital, of Infrastructure and Technological Capacity, and the
development of Institutional Capacity. These three capacity building activities contribute

to the evolvement of an fAenabling environment
make informed decisions over the resources of the Volta Basin.

50 - a4
40 -
[Z4]
=
3
E 30 T
0
("
°
2 20 |
£
=
=
10 A
® = -
0 - T - - .
Volta Basin Germany East Africa Netherlands USA
& other WA

Region/Country of Origin
Figure 3: GLOWA Volta Students

! Philbin, A. (1998). Capacity Buildg Work with Social Justice Organizations: Views from the Field. Submitted to
A. Romero, Director, Human Rights and International Cooperation, The Ford Foundation.

2UNCED (1992). Agenda 21. The United Nations Programme of Action from Rio.
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The development of human capital has been a major component of the GLOWA Volta
Project. Over the whole length of the project, the research was heavily student based.
The largest part of the overall 81 students originated from the Volta Basin riparian
countries (44), with the second largest group of students coming from Germany (28).
Additional students who contributed to the GVP came from East Africa (4), the
Netherlands (3) and the United States of America (2). Most important for the
development of human capacity is the fact that 84% of the African graduate students
returned to Africa, where they have assumed academic and institutional positions.

In addition to the education of students, GVP has conducted a series of workshops and
trainings in the Volta Basin. In the past 2 years alone, 18 workshops and trainings have
been held in the Volta Basin, reaching several hundred participants and trainees - from
framer to scientist to policy makers i providing technical training, impact assessment,
and coping strategies.

Infrastructure and Technological Capacity Building was built in a number of different
aspects. A major contribution is the GLOWA Volta Geoportal, a multi-functional platform
to share and manage data and metadata, and for interactive mapping. It is the first
comprehensive, openly accessible database in the Volta Basin that provides the
platform for structured sharing of geospatial data. The range of other models given in
Figure 2, which are described in detail in the respective sections of the following report,
are referred to here as well.

Other contributions to infrastructural and technological capacity building are the network
of tele-transmitted river gauges, which allow obtaining instantaneous runoff
measurements in the basin, and the Biophysical Observation Network (BON, operated
in cooperation with the BIOTA West Project), a network of micro-meteorological stations
set up in a north-south and an east-west transects. Besides using the data obtained in
these networks for the calibration of models, the operation of these networks also
contributed to the human capacity building through involving of local staff.

Institutional Capacity building may be among the most challenging endeavors in the
framework of a research project. In the course of the third project phase, the GVP, as
one of the first partners, supported the evolving Volta Basin Authority (VBA). The VBA is
a river basin authority with transnational mandate for the Volta Basin which seeks to
promote Integrated Water Resources Management, to promote consultation tools
among parties for the development of the Basin, and to authorize the development of
infrastructure with substantial impact on water resources. The VBA has evolved to an
important partner, and it will play an important role in addressing the transnational
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management of the Basins natural resources. Besides the engagement with the VBA,
the GLOWA Volta Project provided research support and maintained close links with the
Water Resources Commission (WRC) in Ghana.
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Figure 4. The GLOWA Volta Research Network

In addition to the collaborations with the VBA and the WRC, the GVP has continued to
strengthen its research network of European, African, and American partners. The
continued collaboration not only focused on a north-south linkage, but also fosters
south-south collaboration, especially in conjunction with the returned students which
have developed interdisciplinary skills during their training.

23



1.3 Project Presentation and Media Coverage

In the course of the third phase, the project web page (www.glowa-volta.de) was
completely revised and remodeled. The information was updated to reflect the latest
developments in the project, and its structure was changed to reflect the re-organized
project structure that was adopted in Phase Il of the project. In addition to the updated
information in the different clusters and the addition of the latest thesis and publications,
the above mentioned GLOWA Volta Geoportal was made available through the projects
web page.

In addition to the projects presentation on the internet, the GLOWA Volta Project has
contributed to BMBF brochures (GLOWA i Global Change and the Hydrological Cycle®,
and IWRM - Integrated Water Resources Management: From Research to
Implementation), and produced flyers for concise information on the project which were
distributed both in Europe and Africa.

In August 2008, the International Confer ence on A Gl obal Change and
in West Africaodo was held in OQOuagadougou, Bur
projects, GLOWA Volta and GLOWA Impetus, presented their research results. The
GLOWA Conference was well attended and received international media coverage. In
conjunction with the conference, the Center for Development Research organized a
journalist trip to the Basin during which German journalists were able to experience the
region and gather information on the Volta Basin and its problems, mainly as they are
perceived by the local population. An exchange between German and African journalists
was also facilitated. As a result of the status conference, the journalist trip, local capacity
building efforts and presentation of research results, a number of newspaper
publications and radio features were published*, providing a broad audience with
information on the Volta Basin and the GLOWA Volta Project.

* IHP/HWRPRBerichte, Heft 8, Koblenz 2008

* The Chronicle (Ghana)Drip Irrigation is the Most Efficient Roy Ayaiiga (07.04.2008),

SWR contrd Wann kommt der Regen? Wettervorhersage fir Westafrikas Bauern (14.08.2008),

Domradio KdIn- Interview mit Wolfram Laube zu BOWA (18.08.2008),

BBC - Global Change in Water Resources in West Africa (26.08.2008),

Africatime.com/Burkina Gestion des ressources en eau: les projets "GLOWA" pour minimiser les effets du

changement climatique (26.08.2008),

Fasozine Changementsciat i ques: La Partition de GLOWangemént 08. 200 8
climati que e tLesghemandsdont redoers d ldseience.(26.08.2008),

Le Pays BurkinaFasoChangement cl|l i matique et gesduiProgramime | deau. Le
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As in the previous two phases, the GLOWA Volta Project participated in numerous
scientific workshops and presented its ongoing and completed research at conferences.
Besides the theses of which most are available from the GLOWA Volta webpage, the
GLOWA Volta Project has authored more than 200 scientific publications, with a few
more to come.

GLOWA (26.08.2008),

GeneralAnzeiger Bonn Wetterextreme in Afrika (26.08.2008),

Deutsche WelleL 6 eau au centre des pr®occupations °~ Ouagadougo
Deutschlandfunk Forschung Aktuell: Launische Regenzéit. stidlichen Westafkia verschieben sich die Regen
und Trockenzeiten (29.08.2009),

Deutsche Welle Tribune (09.09.2008),

ARD - Mehr Dirren, mehr Fluten: Klimawandel in Westafrika (September/Oktober 2008),

Deutsche Welle Reportage Spécial (03.10.2008),

Siddeutsche Zeitg - Unser Dorf ist immer in Gefahr (04.10.2008),

SWR2i Planet Erde: Teures Trinkwasser fiir Sirigu (07.10.2008),

SWR2i Planet Erde: Wie sich die Bauern im Voltabecken auf den Klimawandel einstellen (02.12.2008),
SWR2i Wissen: Wann kommt der Regen? \tédskanische Bauern und der Klimawandel (13.01.2009),
WDRS5 - Aus dem Takt Klimawandel im Voltabecken (17.02.2009),

Radio KélnCampu$ Das GLOWA Volta Geoportal fir Westafrika (02.07.2009),
MagazinDeutschland.deBetter Protection against Crop Fadui07.07.2009)
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2. Achievements and research results of the sub-projects

2.1. Completed work from Phase Il Clusters and ongoing projects
which contribute to several clusters

Due to changes in the project structure at the beginning of the third project phase, some
research activities cannot directly be summarized under the following project clusters. A
number of PhD projects, which started in Phase Il, were completed in Phase Ill. This
section also incorporates projects which contribute to several clusters.

Research activities of A. Brunner for the d i s s e r Madelingo soil edosion and
reservoir sedi mentation at hill sl ope and cat
mainly on (I) the evaluation of soil erosion results at hillslope scale and (ll) the
assessment of reservoir siltation at catchment scale.

| At hillslope scale, on-site effects of soil erosion have been measured at two research
sites in southwestern Burkina Faso. Soil erosion is a major factor for the loss of nutrient-
rich topsoil from hillslopes and can cause severe agricultural problems. The continuous
loss of topsoil may lead to diminished soil fertility and hence to reduced crop yield, which
is particularly serious in countries dependent on agriculture for food production.
Therefore it is necessary to quantify soil loss and to identify adequate land management
strategies to prevent topsoil from being eroded. Three specific methods are applied at

hillslope scale to analyze soil erosion: I.I catenary soil sampling, LIl **'Cs-
measurements and LIl erosion simulations by the Water Erosion Prediction Project
(WEPP)- model.

I.I For catenary analysis, the suitability of the catena concept for soils in south-western
Burkina Faso was examined by soil profiles investigations and soil horizon description at
two research sites. The specific objectives are i) to assess catenary soil development
along hillslope transects, ii) to evaluate variations in physical and chemical soll
properties along these transects and, iii) to derive a solil profile dataset based on distinct
catenary hillslope units.

Il The **"Cs technique is a more recent, but promising method to quantify soil erosion
and deposition over the landscape by measuring the remaining concentration of **’Cs in
the soil.

This environmental tracer technique can provide mid-term erosion rates (over
approximately 40-50 years) and gives information about the quantity of soil which is
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eroded, re-distributed and finally accumulated downslope. The specific objectives of the
137Cs approach are i) to quantify the amount of soil loss and soil deposition at two
hillslopes, and ii) to evaluate the soil redistribution pattern of **’Cs derived from different
conversion models (proportional model, mass balance model 1 and 2).

I.IIl The physically-based Water Erosion Prediction Project (WEPP)-model was selected
to predict long-term soil loss rates along hillslope transects and to account for
horizontally distributed soil erosion processes. The specific objectives of the soil erosion
modeling approach are i) to simulate soil loss and soil deposition rates on two hillslope
transects, ii) to predict the effect of soil and water conservation as well as land
management techniques (e.g., minimum tillage, residue management, and contour
farming) on simulated soil loss and, iii) to compare simulated soil loss values with **'Cs
estimates along these transects.

II At catchment scale, the off-site effects of soil erosion such as the siltation of dams
have been assessed at two small reservoirs in southwestern Burkina Faso. Dams have
the function to store rainfall and runoff water from the catchment and serve as water
storages for domestic use, livestock and irrigation. At the same time, dams present
major sinks for sediments from upstream. Incoming and accumulated soil particles can
lead to severe changes in reservoir morphology, which will influence in return water
storage capacity and water use potential. In Burkina Faso, 850 dams have been
constructed, most of them with a water capacity below 1 Mms3. Especially these small
reservoirs are severely affected by storage losses. Therefore, several environmental
methods were applied to quantify siltation rate at catchment scale: II.I bathymetric
surveys, II.Il sediment core analysis including **’Cs measurements and 1.l sediment
simulations by the WaTEM/SEDEM model.

[I.I The bathymetric survey is based on a comparison of changes in reservoirs bed
morphology. While a topographical map of the construction date provided information
about the initial morphology, the actual morphometry was measured by water-depth
measurements using a depth-sounder with mapping GPS unit sonar attached to an
inflatable boat (see Figure 5). The specific objectives are i) to monitor changes in water
storage volume by comparing the initial with the actual morphometry of the reservoirs
and ii) to calculate the thickness of accumulated sediment along a longitudinal cross-
section of the reservoi-ri faema tiiimg dafo telse
II.Il The retrieval of sediment cores from the bottom of the reservoir was found to be a
feasible approach to quantify the thickness of the accumulated sediment by stratigraphic
changes in soil properties and **’Cs concentration with depth. Sediment cores of up to 1
m length were taken from the bottom of the reservoir by a sediment core sampler (type
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Beeker sampler). The specific objectives are i) to analyze downcore variations in
chemical and physical soil properties as well as *’Cs measurements and ii) to
reconstruct the maximum sedimentation depth and iii) to calculate sediment yield, trap
efficiency and annual sedimentation rates.

[1.III The spatially distributed soil erosion and sediment delivery model WaTEM/SEDEM
was used to simulate annual soil loss and sediment delivery into small dams. The
specific objectives of the sediment modeling approach are i) to identify the most affected
erosion and deposition zones (sediment source and sediment sink areas) of three small
catchments, ii) to quantify the amount of soil deposition and to calculate sediment
delivery rates into the reservoirs and iii) to compare simulated results with those from
bathymetric surveys, sediment core analysis and **’Cs measurements.
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Figure 5: Digital elevation model of a small reseroir in southwestern Burkina Faso based on bathymetric

measurements

28



| Results at hillslope scale:

I.I In terms of soil catenary development, the description of soil profiles indicates that
diagnostic soil properties are closely related to pedogeomorphic processes ascribed to
individual hillslope positions. The dynamic interaction between soil formation and
landform characteristics confirms furthermore the concept of catenary soil development
as it was first developed by Milne (1935) for soils in East-Africa and further specified by
Conacher and Dalrymple (1977) in the nine-landsurface model. The soil-landscape
description of two catenae in south-western Burkina Faso has shown, that these land
surface units show typical slope geometry and inherent diagnostic soil characteristics,
such as eluviated horizons, leaching, water retention or hydromorphic features.
Furthermore, also chemical and physical soil properties follow the catena concept
although their pattern downslope is not always clearly pronounced. The soil nutrient
status at two research sites is very low and highly deficient for soil available P. This
might be due to the negative nutrient balance which has been often reported for soils of
sub-Saharan Africa. Often, more nutrients are taken up by plants and lost by harvest
than have been replenished by fertilizers or nutrient recycling such as straw mulch or
compost. The use of mineral fertilizers is recommended in such environments and
moreover seen as indispensable to improve soil fertility and to ensure an adequate crop
yield. In terms of soil erosion modeling, it is therefore seen as useful to consider at least
three distinct catenary slope units, namely summit, shoulder/backslope and
footslope/toeslope position.

.1l The **'Cs approach is based on a comparison between the local reference inventory
collected from an undisturbed, non-cultivated and stable site and **'Cs samples
collected from hillslopes. Related to the reference inventory of 730 Bq m? (Bq =
Becquerel), all *Cs values lower than the reference value indicate a loss and hence net
erosion, whereas all **'Cs values higher than the reference value represent a gain and
hence net deposition. At a hillslope in Dano, Burkina Faso, soil redistribution rates show
that erosion rates can reach up to 44 ha'yr' at the summit and shoulder position
whereas deposition rates can reach up to -36 t hayr™ at the footslope/valley position. At
the hillslope in Wahable, the amplitude between erosion and deposition rate is even
higher with erosion rates of 56 t ha™'yr* at the shoulder position and deposition rates of
up to -88 t halyr! at the footslope/valley position. However, when calculating net
erosion rates for the entire hillslope, results show values between 2.4 and 3.3 t ha’yr?
for the hillslope in Dano and between 2.7 and 5.0 t ha™yr® ha yr for the hillslope in
Wahable. This indicates that although the averaged amount of soil loss is within a
tolerable range, some parts of the hillslope are severely affected and highly prone to
erosion. The identification of these affected hillslope areas allows to select more site-
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specific management options in order to reduce the erosion risk and hence the amount
of nutrients lost from these endangered parts.

[.III Simulated soil loss predicted by the physically-based Water Erosion Prediction
Project (WEPP)-model shows also high differences in soil loss rates at individual
hillslope positions. Annual soil erosion rates are calculated for individual transects and
can reach at the hillslope of Dano up to 200 t hayr! at steeper backslope positions
whereas deposition rates do not exceed 30 t ha™* yr' at footslope/valley positions. At the
hillslope in Wahable, simulated erosion rates are lower and vary between erosion rates
of max. 11 t hayr* and deposition rates of 16 t ha™ yr'. The differences in simulated
soil loss between both sites might be explained by models sensitivity to both
topographical conditions, such as higher slope gradients and to differences in soil
properties, such as soil texture, organic matter content and hydraulic conductivity.
However, although similar erosion rates between 10 and 200 t ha™ yr' have been
reported for the Savanna ecosystems in West Africa, absolute soil loss data should be
considered with care. Considering land management options, WEPP-model simulations
have shown that at steeper hillslope positions (such as shoulder and backslope
position), the application of stone lines, minimum tillage, contour farming and residue
management could reduce soil loss by up to 95 %, 70 %, 55 % and 45 % respectively,
whereas burning and tillage by chisel plow could aggravate soil loss by maximal 250 %
and 600 % compared to the actual land management practices. This indicates that
especially at erosion-prone hillslope positions, adequate land management options
could highly reduce the risk of soil erosion.

Mass-balance model 2 P

Soil redistribution rate 28

(thaty?)

P EPNN
N O O M
Deposition

ThauaXon o)
TRERES

WONNN R P &4
ONODMOO
Erosion

Superelevation of relief (3x)

Figure 6: Spatial pattern of soil erosion and deposition at a hill slope in souttvestern Burkina Faso based on

a ¥'Cs conversion model
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Il Results at catchment scale:

[I.I' A comparison between the initial and actual stage-storage curves shows that the
reservoirs in Wahable and Fafo diminished their water volume by 30-50 % since the
time of construction. A loss in storage capacity of 50 % i mp | i es flhiafte ot hoef Atht
reservoir has been r eaclhiefde 0 Tehxep rcecsrmsceesp tt hoef tii
infill half of its original capacity. The half-life concept is an indicator of the time frame in
which sedimentation may seriously affect water supply and flood control, although it
does not indicate in return half of the time to reach complete sedimentation because
sediment trapping declines with reduced storage capacity. Both reservoirs in Wahable
and Fafo experienced approximately 20 years of sediment accumulation by wind and
water erosion and results indicate that they are losing their capacity at annual rates
ranging from 0.4 to 2.4 %. It is obvious, that the continuous siltation and reduction in
water storage capacity will severely affect water availability and its efficient use for
irrigation agriculture in the dry season.

II.II Results of the sediment reference profiles show clear downcore variations in soil
properties and **’Cs measurements and indicate a significant stratigraphic change at
the depth when the initial reservoir bed is reached. The accumulated sediment layer in
Wahable had a thickness of 40 to 45 cm, whereas the one in Fafo had a thickness of 20
to 25 cm. This indicates an average gain in the sediment layer of approximately 1 to
2 cm per year, which can be interpreted as already critical in relation to the shallow
depth of 1.5 m to max. 3 m at the peak of the rainy season. As it is technically difficult,
cost-intensive and not feasible for most sites in Burkina Faso to recover the capacity of
these small reservoirs by dredging or hydraulic flushing, control measures and
prevention methods become more and more important. The use of soil and water
conservation methods onf ar mer s6 fi el ds (e. g. Stcomoar | i nes
plowing) and the construction of intermediate check dams at most affected runoff and
sediment flow pathways, could be one option to counteract soil loss at its initial source of
origin.

[1.III Simulations by the WaTEM/SEDEM model produced spatially explicit erosion and
deposition maps for each point of the catchment. Additionally sediment delivery rates
into channels, rivers and finally into the reservoirs of the catchment were calculated.
Average net soil erosion rates at catchment scale reached 2.5 t ha™ yr' whereas
average net deposition rates had values of 2.3 t ha™yr™. Sediment deposition occurred
mainly along the flow network, in depressions and sink areas where eroded soil from
upslope was accumulated. For the calibration of the model, results from the bathymetric
survey and the sediment core approach were used in order to adjust the transport
capacity coefficient of the model against measured sediment yield data from the dams.
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For soil erosion predictions in West Africa, the WaTEM/SEDEM model was found an
adequate tool to represent the spatial distribution of soil loss and the deposition of
sediment yield into small reservoirs.

The research of T. Frazierest abl i shes a means to proj
most significant area of consumption, the Greater Accra Region. Sub-Saharan Africa is
urbanizing more rapidly than any other region in the world and at a historically
unprecedented absolute rate of increase. The current growth rate of almost 5 percent
per year implies close to a doubling of the urban population in 15 years, with new urban
residents projected to rise sharply by over 300 million between 2000 and 2030 (Figure
7). Urbanization implies potential harms, but it could also be positive and beneficial.
Improved infrastructure is a significant component of promoting smart growth in African
cities, while planning for improved land use controls and electricity facilities are
important first steps towards effective cities that promote increased GDP, average
annual income, and an enabling environment for economic development and poverty
reduction. Focusing on electricity provisions in the cities of the sub-Sahara is also
important because urban areas in the developing world are projected to overtake OECD
countries as the largest emitters of GHGs”.
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In step with its sub-Saharan location, Ghana is also experiencing unprecedented
urbanization with approximately 50 percent of its more than 20 million people currently
living in urban areas. This share is expected to be 65% by 2030 (Figure 8). The most
significant gr owt h ([ taking pl ace i n Accr a
commercial center, as well as its largest and fastest growing urban concentration.
Inhabited by more than 3 million people, representing 15 percent of the total population

and 40% of Ghanads tot al ur ban popul ation, Ac
that the population will double in 16 years. These projected increases are not a new
trend, instead they are an extension of t he

doubled and its area expanded almost three fold. Between 1990 and 2005 the built up
area increased from 133 square kilometers to 344 square kilometers, and the population
density decreased from 14,000 persons per square kilometer to 8,000 (United Nations,
2005; World Bank, 2007; World Bank, 2009).
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Figure 8: Urban and Rural Growth in Ghana

This concern for the rapid growth of urban areas in the developing world is one of the
major driving forces behind the immediate need to develop sophisticated quantitative
models for projecting land use and electricity demand under different scenarios. Unlike
land use planning in Europe and North America, the cities in Africa exist without the
benefit of a land titling system, a functioning taxation system, building permitting and
inspection or zoning. Electricity planning does not incoproate rights of way functional
classifications and development controls appropriate for land use and location prior to
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distribution. The location and placement of electicity transmission, distribution and other
appurtenances is often unknown and unregulated. Almost no comprehensive planning
has taken place in African cities which promotes sustainable development planning
within the context of the ever expanding metropolis of Accra.

Ty: 6-Mar-85 T2 4-Feb-00
‘ Annual

0 5 10 16 20km Measure Ty T2 % Change
Population ‘ 1882990 2,789,380 267%

1:350.000 Built-Up Area (sq km) , 133.35 34426  656%

Average Density (persans / sq km) 14,120.39 8,102.64 -366%

B vvater N Built-Up Area per Person(sq m) | 7082 12342 379%
Average Slope of Built-Up Area (%) 3.1 311 001%

[ T Excessive slope — Maximum Slope of Built-Up Area (%) 12.28 1228 0.00%
- Built-up area The Bunld.abI‘e Perimeter (%) 0.71 0.73 0.15%
The Contiguity Index 0.69 0.80 101%

The Compactness Index _ 0.68 0.61 -0.75%

Per Capita Gross Domestic Product $1,325.50 $1,836.23 221%

Figure 9: Sprawl of Accra, Ghana from 1985 until 2000

This research has proposed to fulfill a number of needs that have not been met,
particularly within the arenas of Urban and Regional Planning, Electricity Planning, and
Urban Development Research.

1 Until now, no known example exists of a plot (parcel) based, urban simulation
system of a major city in Africa. This work presents a comprehensive urban
simulation system of Accra, Ghana, a major economic and social center in West
Africa with more than 3 million inhabitants (Figure 9).

1 No known example exists in West Africa of a land use based, electricity
forecasting model, for a major urban area in West Africa (1 million or more
people). This work presents a comprehensive electricity demand model which is
fundamentally based on land use and performance standards at the plot level for
an urban area of more than 3 million people.
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1 No known example exists of a plot based, urban simulation system for projecting
scenarios and illustrating the implications of different public policies of a major
city in Africa. This work presents land use and transportation scenarios for Accra,
Ghana in terms of low, medium, and high population and economic growth rates
and in terms of business-as-usual or potential weak, moderate and strong
sustainability policy cadres.

The primary goal of this work was to develop an urban simulation system that will
forecast probable land development patterns in the Greater Accra Region under
different policy and growth scenarios for the next 20 years. To this effect, answering the
following questions have been central objectives of this work:
1 Which land development patterns are most likely in the Greater Accra Region
over the next 20 years if devel-aspumseaimtl 6c2ont |
1 What are the projected electricity demands and expected level of services for all
major distribution facilities throughout Greater Accra Region?
1 Which sets of policies, regulations and controls will be the most cost effective in
advancing a sustainable land use and electricity use plan in the Greater Accra
Region?

This research has relied heavily on the Open Platform for Urban Simulation (OPUS)
which was developed by Paul Waddell and his development team at the Center for
Urban Simulation and Policy Analysis (CUSPA) at the University of California, Berkeley.
UrbanSim makes extensive use of modeling individual actions, based on the theory of
Random Utility Maximization pioneered by McFadden® i n t h e . Thi9 disktréte
choice approach has been used to derive a model based on the probability of a set of
available alternatives, the characteristics of the chooser, the attributes of the
alternatives, and the propor taltenatads (Figwed18)t i ve u
Maximum likelihood and simulated maximum likelihood methods to estimate the
parameters of these choice models have been derived from data on revealed or stated
preferences, using a wide range of structural specifications (see Train, 2003)".

®McFadden, D. (1974). fThe measur emennomics3(4u30B.an travel
McFadden, D.(198]). fiEconometric models of probabilistic choi@eStructural Analysis of Discrete Datwith
Econometric Applicationst98-272. MIT Press, Cambridge, MA.

" Train, K. E.(2003. Discrete Choice Methods with Simulation.rilaridge University Press.
35



SPSS/STATA

Figure 10: Software Package Relationships

The components of UrbanSim are models which input base-data in terms of household
characteristics, persons, and jobs, simulate the real-world actions of agents acting within
an urban system, then update base-data as annual cycles progress (Figure 11).
Developers construct new buildings or redevelop existing ones. Buildings are located on
land parcels that have particular characteristics such as value, land use, and area.
Within the simulation environment, governments implement a new policy such as the
imposition of building permitting and inspections, zoning or comprehensive planning, or
pricing policies such as development impact fees. Governments also build infrastructure,
including transportation facilities, which interacts with the distribution of activities to
generate patterns of accessibility at different locations that in turn influence the
attractiveness of these sites for different consumers. Households have particular
characteristics that may influence their preferences and demands for housing of different
types at different locations. Businesses also have preferences that vary by industry and
size of business (number of employees) for alternative building types and locations.
These urban actors and processes are implemented in model components that are
connected through the software implementation.
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Figure 11: Annual Cycle of a Simulation Run

This urban simulation system is comprised of three primary parts: data, models, and
scenarios. There are five essential tables required to run the proposed urban simulation
system. These tables provide: economic and demographic characteristics of households
and the individuals living at that location; data about plots and their buildings including
the value and use; information about jobs and their associated industrial classification,
and point to point travel times by mode throughout the spatial environment. These tables
are employed by a number of models which also incorporate rates of mobility for
residential, commercial, industrial and institutional land use classifications. Finally, the
simulations are run as business-as-usual or in terms of sustainability approaches.

The research of T. Frazier has created a highly disaggregated, agent-based urban
simulation system based on plots (parcels) and buildings, including a comprehensive
electricity demand model for the Greater Accra Metropolitan Area (GAMA). A baseline
run (business-as-usual) comprised of models projecting household and business
decisions as well as land value and travel patterns was developed as a series of location
choice, regression, and simple allocation models. Household, person, and jobs tables
have been synthetically generated from 5% sample data from the Ghana Statistical
Service using the iterative proportionate fitting (IPF) method. These tables have been
incorporated into the Open Platform for Urban Simulation (OPUS), a runtime
environment, primarily written in python, with effective SQL database and GIS
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interfaces, and linked with an electricity demand model programmed in Python. Several

large scale datasets (including rates of residential mobility) were obtained from the
Ghanai an ministries whi ch d e umani deegrapticalc r a 6 s
environment. Additionally, weak, moderate and strong sustainability policy scenarios

have been developed and forecasted in terms of low, medium, and high economic and
population growth rates for the time period 2010 until 2030.
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Figure 12 Round in Jamestown, KorleBu District illustrating Plot Land Value and Land Use (Greeni

Residential; Bluei Commercial; Brown i Institutional; Government i Not Shown Here)

The following individual objectives have been achieved as part of the step by step

process of building the urban simulation system.

1 Synthetically generated household, person and jobs population tables using the
Iterative Proportional Fitting (IPF) method. This task depended on data already
obtained from the Ghana Statistical Service as well as additional data to synthesize
tables with an i mproved 6goodness of fitédé b
Pendyala at Arizona State University.
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Improved the residential location choice model based on household and person
attributes and previously conducted surveys on residential mobility. This task
depended upon mobility rates obtained from the publication Residential Mobility in
the Greater Accra Region and collaboration with Monique Bertrand at the University
of Caen, France.

Spatially distributed these households in accordance with their location throughout
the Greater Accra area, and included typical household demographics. This function
was an integral part of the Open Platform for Urban Simulation platform developed
by Paul Waddell at the University of California Berkeley, USA. Spatial dimensions
and locations of plots and buildings have been acquired for the Greater Accra region
and were used in this work. It was necessary to further specify land use
classificationsofpl ot s and buil dings beyond O6resident
accordance with building type, such as compound house, self-contained house, or
flat, would improve accuracy for predicting residential mobility. (Figure 13)
Conducted a literature review on commercial location choice mobility rates. Some
means for determining job mobility rates in the developing world, and in particular
West Africa was needed. The informal economy comprises as much as 80% of the
labor force and is mostly misunderstood in terms of its working dynamics.

Spatially distributed these businesses in accordance with their location throughout
the Greater Accra area. As previously indicated the complete physical environment
of Accra, including transportation facilities and all buildings, has been projected and
incorporated into the urban simulation system. Land use classification of individual
plots have been identified in the scale of their ability to attract clientele (gravity as a
destination) as well as in accordance of attenuation of commercial uses (i.e. local,
neighborhood, district, region)

Simulated industrial location choice based on business attributes and located these
industries in accordance with their location throughout the Greater Accra area. This
was relatively simple compared to residential and commercial land uses since most
industrial land uses are easy to identify. Some attenuation of land use, such as light,
medium and heavy industrial was implemented.

Simulated institutional location choice throughout the Greater Accra area. Land use
classification included adding public safety facilities (police or fire), public health
facilities (hospitals and clinics), public education facilities (schools), and other
government buildings (national ministries, district councils, tribal headquarters).
Developed a comprehensive, land use based travel model. This task included
identifying the functional classification of all roadway facilities in the Greater Accra
Metropolitan Area and integrating into File Geodatabase for Greater Accra. A future
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effort will be to incorporate a travel model based on MATSiIm, a framework for
implementing large-scale agent-based transport simulations, and integrated into the
OPUS operating environment. MATSIm provides a means to develop demand
models, agent-based mobility simulations (traffic flow simulation), re-planning, a
controller for iterative simulation runs, and methods for analyzing output.

1 Incorporated demographic growth as an exogenous variable in order to project low,
medium, and high growth scenarios. This was a simple allocation model that is
incorporated into the SQL database as a table and then incorporated into the OPUS
operating environment.

1 Incorporated economic growth as an exogenous variable in order to project low,
medium, and high growth scenarios. This was also a simple allocation model for
incorporation into SQL and OPUS.

1 Developed Electricity Demand Model based on the historical demand of more than
500,000 accounts for the period from October 2006 until January 2008.

Figure 13: Plots of the Korle Bu District

40



K. Nyarko’s doctoral research on the role of floodplain wetlands in hydrological
processes in the basin was carried out in Tindama and Pwalugu along the White Volta
River in the Upper East Region of Ghana. An examination of water flow within the
unsaturated zone based on infiltration experiments conducted in the Tindama and
Pwalugu wetland sites showed variability and, in most cases, high infiltration rates at the
start of the experiment followed by gradual decline over time. Exceptions existed due to
the breakdown of surface crust or reduction in the hydro-phobicity, which resulted in
increasing infiltration rate over time. In order to quantify the extent of floodwater storage
within floodplain wetlands and their contribution to subsequent river discharges, a series
of complementary studies was conducted utilizing stable isotopes, physical monitoring of
groundwater levels and numerical modeling. The variation in the isotope composition in
the river and wetland water samples, respectively, revealed the pattern of flow and
exchange of water between the wetlands and the main river system.

The completed PhD thesis (September 2007) used HYDRUS-1D model results as input
into the MODFLOW model to simulate interaction between floodplain wetlands and river
flow. The isotope tracers oxygen-18 and deuterium were utilized to derive a water
balance. Model results indicate a bidirectional relationship between floodplain wetlands
and river. They also show recurrent spatial and temporal patterns in the controlling
factors, such as horizontal hydraulic conductivity, specific yield and specific storage. In
applying the model, emphasis should be placed on the collection of temporally and
spatially high-resolution data.

The PhD project by L. Tia was defended in December 2007. In his work, he modeled
vegetation dynamics and investigated their contribution to the water balance in the Volta
Basin. Vegetation is recognized as an important component of the global climate system
through its control of energy fluxes over substantial portions of the land surface.
Moreover, it has been shown that vegetation-atmosphere interactions regulate local
weather and hydrological balances and regional climate. The study focuses on the
estimation of the contribution of tree stands to the surface water balance by means of
transpiration and actual evapotranspiration (ETa). The study used the nature reserve of
Bontioli (NRB) in southwestern Burkina Faso, from which it scaled up to larger areas
within the Volta Basin. This was achieved by modeling tree density and estimating daily
whole-tree water use rates. The method encompasses two components: (1) estimation
of climate, tree species and water-related variables, and (2) remote sensing and GIS
studies. The quantification of tree water uptake was achieved by the xylem

Heat-Balance method to assess sap flow rates of 17 tree species measured
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continuously from April 2005 to December 2006. During this period, weather data were
recorded by Eddy Correlation and microclimate stations. Tree parameters were
collected on the ground according to biometric standard methods in order to determine
the phytosociology and the physiognomy of the vegetation cover. In addition, the LAI-
SEB model, based on remotely sensed spectral vegetation indices and the surface
energy balance outputs derived from the Aster image of November 2006, was
developed to accurately estimate tree densities. The results reveal that the NRB is
useful for biodiversity conservation because it provides a habitat for 71 (x 2) tree species
representing 19 families, typical for tree savanna (33 species), shrub savanna (39) and
gallery forest (10). The LAI-SEB model produced validated large-scale maps of (1) tree
density by stem count, (2) tree density by DBH estimates and (3) tree density by crown
cover estimates. The reliability of the model was proven through the comparison
between the mean absolute tree density (331 + 4 stems ha™) and the mean predicted
tree density (325 + 87 stems ha). In the study area, the mean annual ETa was 94 % of
the rainfall in the dry year 2005 and 80 % in the wet year 2006. The mean daily whole-
tree water use rates ranged from 10.1 kg day® for Crossopteryx febrifuga to
492 kg day™ for Pterocarpus erinaceus.

Those rates were influenced and regulated by weather conditions, specifically by solar
energy. Moreover, the field-specific mean daily tree stand transpiration was 0.7 mm
day™; transpiration rates increased from dry to rainy seasons with highs between mid-
June and mid-September. The predicted tree stand transpiration map obtained by
means of the LAI-SEB model shows that 62.1 % of the map surface was not contributing
to transpiration, whereas 34.3 % of its surface transpired between 0 and 1 mm day™.
The mean daily ETa was 3.6 mm day™. The final analysis highlight that the contribution
of 8 large trees (DBH > 5 cm) to the water balance ranges from 9 to 20 % of rainfall,
depending on the vegetation type and the weather conditions. These results
demonstrate the importance of trees in the functioning of the surface water balance and
climate regulation through the maintenance of evapotranspiration in semi-arid regions,
particularly during dry seasons. Consequently, to mitigate drought, water scarcity,
poverty, threats to livelihood and food security one should start by preventing the
destructive effects of anthropogenic activities on vegetation covers. In this context,
decision-makers should advocate regional and concerted efforts to restore natural
vegetation through reforestation campaigns.

The completed PhD thesis by D.S. Kpongoron o0 Spatially explicit mo
production on a complex terrain in the semi-ar i d regi on of Ghana wusi
defended in May 2007. The thesis outlined that land-use trajectories have influenced the
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nutrient stock of the soils i n t he study

management activities on nutrient stocks was significant. Though a non-parametric test,
different soils were revealed, considerable variability could be observed within individual
soils based on their chemical and physical properties. The distribution of soil parameters

ar

was influenced by the soil s, farmersd manage

predicted the grain yield response of sorghum to both N and P application with an
overall modified internal coefficient of efficiency of 0.64. A gradual decline in grain yield
was observed over the 29-year simulation period in both the homestead fields and the
bush farms, with yields being much lower in the latter. Applying mineral N fertilizer in the
homestead fields (50 % of the amount applied on the bush farm) with crop residue
incorporation produced average grain yields that were similar to those produced on the
bush farm. Temporal variability in grain yield was consistently higher with the removal of
crop residues in both management systems. APSIM is responsive to both organic and
inorganic fertilizer applications in the study area and also highlights the essential role of
crop residues and inorganic fertilizer in influencing the temporal variability in sorghum
grain production and hence the i mpact
security. The use of inorganic fertilizer and incorporation of crop residues (organic
matter) are critical for attaining food security.

After graduation, two further field experiments were conducted in Ghana using maize in
the minor rainy season of 2007. Experiments have been repeated in the major rainy
season of 2008. The results from these experiments are to be used together with soil
data and forecasted weather data from the GLOWA Volta Project.

The PhD project of J.-P. Sandwidi was successfully completed in October 2007.
Groundwater potential in the Kompienga dam basin within the Oti sub-basin of the Volta
River Basin was estimated using three methods: chloride mass balance, water balance
and water table fluctuation methods. The estimate shows that 5% of the annual rainfall
replenishes the basin aquifers of essentially crystalline basement. From this recharge
rate, a mere 2% is used as domestic water supply. Using pessimistic scenarios of
decreasing rainfall (up to 20% of the long term mean annual rainfall) in the basin and
increasing population along the coming years, it was shown that the domestic water
supply will remain satisfactory if a required number of hydraulic infrastructures are
provided. The national standard of water supply to rural areas is therefore suggested to
be increased in order to improve the supply; water resources development may
contribute to more income and livelihood improvement. Sandwidi’s results can be
summarized as follows: (a) groundwater potential in the basin: 5% of annual rainfall; i.e.
ca 44 mm; (b) water use by the population: 2% of the basin annual recharge in 2005; 76
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| capita™ day™ (for all purposes); (c) water supply rate to the population until 2030:
variable according to the number of boreholes and wells in the basin and their average
unit yield that needs to be subsequently increased according to the increase in the water
demand; (d) recommended water supply rate in rural areas of Burkina Faso: 25 to 30
| capita™ day™ for the period of March to May; and (e) water resource development:
recommended respectively to the actual low level of water use in the basin in
comparison to the annual recharge. Small-scale irrigation schemes were suggested for
the development of the water resources.

B. Antwi completed the final write-up of his dissertation in March 2006. The objectives
of the study were to assess the long-term soil erosion rates under different land uses by
using *’Cs, #°Pb and particle size fractions (PSFs) as tracers, evaluate the
performance of some of the existing calibration models, establish the relationships
between the different tracers to facilitate the generation of uniform values irrespective of
the tracer used and finally, and to determine the spatial distribution of the tracer-derived
erosion rates and their implications on some parameters of topsoil quality.

The study was at GLOWA-Volta experimental site on longitude 001° 16’ W and latitude
07° 19 i 20’ N within the Volta Basin of Ghana. Soil and land-use data were collected
along grid points for spatial analysis. The data included **’Cs, ?!°Pb, infiltration rate,
hydraulic conductivity, particle size distribution, organic carbon, exchangeable
potassium, available phosphorus and rainfall. The calibration models were the
Proportional (CsPM), Mass Balance 1 (CsMB1), Mass balance 2 (CsMB2) and Diffusion
and Migration (CsDM) models for **’Cs, Mass Balance (PbMB) and Diffusion and
Migration (PbDM) models for #°Pb, clay ratio (CR), sand ratio (SR) and NUSLE (soil
erodibility from the Universal Soil Loss Equation (USLE) nomograph) for particle size
fractions. Variance reduction tool s and Morganods rati o were u
performance of the models.

Secondly, he applied research information he had acquired over the years to address
soil erosion problems in three communities from May to October, 2006. This was
sponsored by United States Agency for International Development (USAID) through the
Advents Relief and Development Agency International (ADRA), CSIR-Soil Research
Institute and Ministry of Food and Agriculture, Ghana. The technology application
involved assembling previous erosion control research results including those developed
at the GLOWA-Volta project site. We trained the communities on how to reduce
sediment flush to water resources using participatory methods (Figure 14). The
communities identified their major erosion problems and we were invited as resource
persons to assist the implementation of the project. The achievements were telecast on
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national television studios.

The study determined the reference values of the tracers: 668 + 90 Bq m™ and 12680 °

1700 for *¥’Cs and #°Pb, respectively; SR was 0.99 ° 0.13, CR (4.85 ° 1.89) and

NUSLE (0.58 ° 0.07). CsPM, CsMB1 and NUSLE predicted very low erosion rates
typical of fall owyr') aPbdV SR, &nd CR for mbldgraté erosion
rates from a | and r ot &yl end CsMBXane PbME for high. 0 Mg
erosion rates from intensi VW).y cultivated fie
The study established that the risk associated with predicting erosion rates was in the

order: CsPM (CV=85 %) < CsDM (CV=89 %) < CsMB1l (CV=95 %) < CsMB2
(CV=105 %) for *’Cs models; PbDM (CV=85 %) < PbMB (CV=92 %) for *’°Pb models;

and NUSLE (CV=53 %) < SR (CV=63 %) for PSFs. The sensitivity analyses suggested

that losses in **’Cs and #°Pb with respect to the reference values were unstable beyond

40 %); however, SR, CR and NUSLE were stable
performance ratio showed that the erosion rates by CsDM, PbDM, NUSLE, SR and CR

were reliable (0.5 - 2.0). The linear and robust linear regressions used to establish inter-
convertibility of the tracers suggested the scaling of point values with respect to the
reference to obtain a high relationship among the tracers.

Kriging was used to determine the spatial distribution of the erosion tracers and some
parameters of soil quality. The results suggest that **’Cs and #°Pb erosion rates reflect

the contribution of erosion to soil compaction while the movement of available
phosphorus and exchangeable potassium were linked to **’Cs and #°Pb distributions,
respectively. NUSLE and SR erodibilities were associated with the loss of organic

carbon content of the soil. The study recommends the use of *'Cs, #°Pb, SR and

NUSLE for monitoring the long-term spatial erosion rates in the Foresti savanna
transition ecology of the Volta Basin for sustainable land use planning.
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Figure 14: Erosion control program at a village in the Volta Basin

For the Assessment of human-induced land degradation in Volta Basin from 1982-2003
Q. B. Le, L. Desta and P. Vlek conducted a step-wise analysis using a series of
databases to identify the extent of land under anthropogenic threats. By integrating time-
series of NDVI (Normalized Difference Vegetation Index) and rainfall from 1982 to 2002,
we delineated the geographic extents of zones with significant biomass decline or
improvement in the Volta Basin. To distinguish human-induced biomass trends from
climate-driven vegetation dynamics, we excluded those areas that had shown a strong
biomass response to inter-annual rainfall variation. Pixels with NDVI changes in
accordance with rainfall (positive correlation) were considered due to climate change or
variation. Pixels not affected by rainfall (no or negative correlation) are those where
green biomass change could be interpreted to reflect areas with strictly human induced
land degradation. Spatial data of soil constraints, land-use/cover and population density
within the study period were used to interpret possible underlying factors of land
productivity decline. The results of the study show that about 31 thousands km? (8% of
the basin land mass), which is the living space of over 1.3 million people, was land that
is losing its ability to produce green biomass due to human actions. The degradation
areas for the various land cover types are 12.2 thousands km? for woodland, 8.3
thousands km? for agriculture, 7.3 thousands km? for shrubland, and 1.6 thousands km?
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for evergreen forest. The relatively low population density in the degraded areas
(averagely 43 persons km?) would suggest that these are marginal areas with limited
carrying capacity to start with. As population pressure increases, more fragile lands will
be taken into cultivation leading degradation with below average population densities.

Correcting atmospheric fertilization effects in remote sensing-based assessment of land
degradation: Long-term trend analysis of biomass productivity (1982-2003) shows that
the greening areas are about 22 % cblargetthaa
the areas showing significant biomass decline (8%). Moreover, about 81% of the
greening areas experienced no significant correlation to annual rainfall, showing that this
profound greening cannot be explained by rainfall dynamics. Global changes in
atmospheric chemistry, e.g. rising levels of atmospheric CO, and NOy, are likely
responsible for the observed increasing trend in biomass. Evidences from other
continents on atmospheric fertilization, the observed NDVI improvements in SSA may
be plausibly explained by a shift in atmospheric chemistry. Assuming that atmospheric
fertilization is ubiquitous in SSA, the process would mask degradation of land due to
direct human activities. Against this background, a re-assessment of the vegetation
decline in the Volta Basin, taking into account atmospheric fertilization, increased the
land affected by human-induced degradation from 8 to 65%. The masked degradation
areas for the various land-cover types are 106 thousands km? for agriculture, 55.5
thousands km? for shrubland, 52.5 thousands km? for woodland and 10.4 thousands km?
for arid grassland. At this rate of decline in land productivity, the basin may soon lack the
land resources necessary for economic development.

LAndscape Management and Planning Tool (LAMPT)to identify soil loss hotspots in
White Volta sub-basin: The Revised Universal Soil Loss Equation (RUSLE) and a
Distributed Sediment Delivery Model (DSDM) in a GIS environment to estimate the
spatial distribution of areas experiencing different levels of soil loss in the White Volta
Basin. The RUSLE is employed to map the spatial patterns of major sediment source
areas based on data calibrated for the study region. As RUSLE only estimates the
potential gross erosion of each grid cell, a DSDM is used to estimate the sediment
delivery efficiency of each cell using flow distance and velocity along the flow path. The
combined models allow a classification of sub-watersheds experiencing different levels
of soil loss using a soil tolerance threshold suitable for the study areas (Burkina Faso
and Ghana).
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Figure 15: Screenshot LAMPT

The result shows that the majority of areas around north-eastern and eastern parts of
the White Volta Basin (mainly south-eastern Burkina Faso and Upper East Region of
Ghana) are associated with high levels of sediment yield (over 15 t ha™ y™*). The main
reason could be high population pressure, poor surface cover and relatively high slope
of some of the areas in Ghana. On the other hand, the north-western and southern parts
of the basin experience low levels of sediment yield (less than 5 t ha™ y™*) mainly due to
their flat terrain and good surface cover that encourage sediment deposition rather than

erosion. The study reveals that a GIS-based soil erosion and sediment delivery model
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can successfully be used for identifying and prioritizing critical sub-watersheds for
management purposes. Such a tool can be of significance in developing areas where

problems are severe but resources are scarce.

LAndscape Management and Planning Tool (LAMPT) to facilitate land management
decision making and landscape planning by optimization: We integrated some of the
most commonly used soil erosion and deposition models into NetLogo, an agent-based
programming platform, producing a LAMPTOs prototype. T
designed in such a way that fast and robust sensitivity analyses can be performed, after
users are allowed to (i) select and set different physical parameters, and (ii)) choose
different sets of land-use management and planning options. The physical parameters
choice meets the scientific needs of landscape modelers in their exploration of adequate
values of the many parameters in soil/sedimentation models that are often not well-
calibrated in developing regions. The latter is expected to meet the needs of
practitioners in catchment management and planning. As the tool allows front-end users
to handle the selection of management/planning options, and provide a fast and
responsive outputs (in terms of both maps and graphs), LAMPT can assist in effective
multi-stakeholder negotiations over land-use planning where the minimization the
degradation of land/water resources is the ultimate goal. The LAMPT model can be
easily coupled with LUDAS, an agent-based land-use change model using the same
platform, to comprehensively simulate environmenti community loops. During the further
development of LAMPT, the research team intends to follow a participatory approach to
enhance the relevance of the tool to local community needs. To plausibly calibrate
LAMPT at the catchment/community levels in the data scarce environment of West
Africa, additional long-term research catchments are essential.
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2.2 Cluster S Water Supply and Distribution

The cluster "Water Supply & Distribution” is designed to provide the primary physical
components of the integrated analysis of the hydrological cycle within the Volta Basin,
inclusive of atmospheric, surface and subsurface processes. It encompasses
probability-based analysis of climatic and hydrologic events made possible through
Phase Il outputs, and a range of activities focused on the surface-soil water-
groundwater continuum. The emphasis within the theme is on the integration of ongoing
research activities leading to operational prototypes of water resources forecasting and
management tools which will be transferred to research partners within the basin.

The cluster includes research on: (a) the primary physical components of the integrated
analysis of the hydrologic cycle; (b) hydrological and climatological data; (c) all
resources and processes related to water (atmosphere, soil, surface, etc.).

Thus, the Water Supply and Distribution cluster aims at supporting near-term water
management decision making for stakeholders, e.g. economic project planning,
agriculture, policy, etc., to allow sustainable water use in the Volta Basin for the future.

2.2.1 Sub-project S1: Hydrometeorological Modeling (MM5 and WaSiM)

Focus of the research activities was the identification of objective weather patterns,
which are highly unfavorable for agriculture. Special attention is given to weather
patterns that tend to produce extremes in precipitation resulting in unusually wet or
droughty conditions.

Milestones achieved

1 Completion of interface for assimilation of satellite derived land surface
parameters (albedo, emissivity, LAI) into MM5 and WaSiM.

1 Coupled water balance simulations completed and validated for White Volta
catchment

1 Identification of pressure and SST anomaly patterns that indicate onset and
cessation of the rainy season

1 Methods and tools for onset/cessation estimation completed
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Milestones achieved with deviations

1 Completion of uncertainty analysis of WaSiM output in the White Volta Basin
using Monte Carlo simulation:
Instead of Monte Carlo simulations more sophisticated methods, like external drift
kriging and turning bands were applied

1 Completion of CropSyst simulations to provide improved rainy season onset
(ORS) definitions
Crop yield data were not available for Ghana or Burkina Faso. Instead data for
Cameroon were used

1 Transfer of operational weather forecasting to KACE, Ghanaian Met Services
Training for operational weather forecasting was performed for two scientists of
Ghanaian Meteorological Service at IMK-IFU (Mr. Soami Pokperlaar and Mr. Juati
Aylari-Naa). Due to the fact that the speed of the internet connection at KACE
was not fast enough to retrieve operational global GFS forecasts (needed as
input for the regional forecast with MM5), transfer was not established. Weather
forecast is now performed at IMK-IFU and results are published operationally
under http://www.imk-ifu.kit.edu/wetter/index_wetter_africa.htm

1 Transfer and implementation of coupled model system on LINUX cluster at KACE
Training for MM5 and WaSiM performed with Dr. Barnabas Amisigo at IMK-IFU.
WasSiM was transferred during training courses in Accra and Ouagadougou.

1 Identification of statistical models of risk of extreme events; regionalization of
models
This milestone was addressed by Raimond Kasei in combination with sub-project
S2

Milestones not achieved
1 Completion of 2x30 years time slices of ECHAM4 A2 and B2 scenario runs in
27x27 kmz2 resolution for West Africa, both for land use 1990 and 2000.
This topic and this PhD position was not part of the IMK-IFU contract. No PhD
student could be recruited to pursue this investigation.

Methodology and Research Results

Sustainable water resources management under increasing water demands and
changing climate conditions is a central, socio-political challenge, in particular in climate
sensitive regions. Decisions in sustainable water resources management require
scientifically sound information of the current water resources and fluxes and future
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water availability.

The first objective of the work of S. Wagner is to provide estimations of the current water
resources and fluxes in a poorly gauged basin, the White Volta Basin in West Africa.
This is a central task to support water management authorities and stakeholders in
operational irrigation, water supply and running hydro-power strategies. To allow
investigations in ungauged or poorly gauged basins, these instruments and methods
should be applicable worldwide, cost-effective and preferably public domain. In poorly
gauged basins without automatic data recorders and online transmission other
meteorological data sources for near real time estimations of the terrestrial water
balance have to be used to overcome the temporal delay and/or the insufficient spatial
resolution. Therefore, a joint atmospheric-hydrological modeling system with MM5 and
WaSiM is developed which is able to provide near real time water balance estimations
within 48 h. Additionally to meteorological modeling results and observation data, a
TRMM product, which is available with approximately one month delay, is applied as
precipitation data source.

&0 u] 50 Kilometers
e —

Figure 16: WaSiM setup: derived river network and boundaries of the White Volta Basin and its

subcatchments
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Besides meteorological driving data, land surface properties are essential input data for
distributed hydrological modeling. Land surface properties information is usually taken
from standard literature values and incorporated into hydrological modeling through
tables depending on the land use. The second objective of this work is to increase the
level of detail in the spatial and temporal dimension of land surface properties in
hydrological modeling using satellite derived land surface properties and to investigate
the impact on hydrological modeling results. In this study, products of the MODerate
resolution Imaging Spectroradiometer (MODIS) remote sensing system for albedo and
leaf area index LAl are imported into the hydrological model and investigated.

For sustainable decisions in water resources management, additionally to the modeling
result itself, the reliability or uncertainty of the result has to be quantified. Due to the fact
that the spatial variability of rainfall is often termed as the major source of error in
investigations of rainfall-runoff processes and modeling, the propagation of
uncertainties, resulting from the calculation of areal precipitation from point
measurements in water balance estimations, are investigated as third objective.
Therefore, different spatial interpolation methods, including external drift kriging, for
areal precipitation are applied, and their impact on water balance estimates is analyzed.
Furthermore, geostatistical simulations using the turning band method for areal
precipitation are performed in order to investigate the propagation of uncertainties in
water balance estimations. These results provide ranges of the temporal and spatial
distribution of water balance variables as consequence of uncertainties from the
calculation of areal precipitation from station data.

Figure 17: Coupling strategy for using atmospheric information in hydrological modeling
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