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Abstract:

In Northwest and West Africa an increased occurrence of drought years since the early 1970s
has brought a number of serious problems related to the fresh water supply. An integrated
approach dealing with all aspects of the hydrological cycle is performed in the presented
project. Investigations are carried out on the basis of two river catchments: the wadi Dréa in
Morocco and the Ouémé river in Benin. During the first phase factors influencing the
hydrological cycle have been identified and analysed. Different global change scenarios will
be used in the second phase to predict the bandwidth of consequences regarding the fresh
water supply on the local and regional scale. In the final two years the collected insights of
all the disciplines will be coupled in order to assess management options and to install
operational tools for the decision-making process (so called "Decision Support Systems").

Introduction:

Fresh water has aready become critically scarce in many regions of the world. It is forecast
that, for the first quarter of the 21st century, about one-quarter of the world population will
auffer from severe water scarcity. For Africa some edtimates suggest that dready now the
amount of fresh water avalable for each person is only about a quarter of that in 1950, and
that fresh water supply could become problematic especialy in West Africa, where about
30years of drought have been observed. Although the climaes of West Africa are dill
relatively poorly known and understood, it is recognised that Northwest and tropicd West
Africa have experienced the most pronounced inter-decadd varigbility of climate in the world
during the 20 century. The possbility of humarrinduced climate change adds additiond
serious aspects to the chalenging water-related problems dready encountered in many parts
of the world.

Motivation:

The avaladle fresh water is controlled by the hydrologicd cycle. Climate, in paticular the
goatid and tempord didribution of precipitation and evgporation, plays a sgnificant role in
the hydrological cycle, and climate data are therefore of the utmost importance in the analyss
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of ground and surface water supply for domestic and indudtrid users, irrigation, hydropower
generation and ecosysems. Deding effectivdy with the hydrologicd cycde and its impacts
demands not only a strong co-operation between different disciplines within the naturd
sciences (e.g. hydrology, meteorology, botany, agriculture, geology, remote sensing), but dso
congderation of socio-economic and medicd issues, dl disciplines involved have to interact
in a complex and co-ordinated manner. Hence, in order to solve possible future problems with
regard to fresh water supply, a clearly interdisciplinary approach is necessary. This is done in
the present initiative for West Africa and it is the purpose of this project to offer concrete
ways of trandding into action scentific results through sdentificaly-based drategies. This
approach will provide a religble bass for politicdl measures and internationa agreements. In
the fira three-year phase the focus is set on the identification and andyss of influencing
factors regarding different aspects of the water budget. Based on this, in the second three-year
phase methods will be developed to predict changes during the coming decades. In the find
two years the collected ingghts of dl the disciplines will be coupled in order to assess
management options and to indal operaiond tools for the decison-making process (so
cdled "Decison Support Systems').
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Fig. 1la Precipitation variability in West Africafor the period June - September 1950-1998.
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Fig. 1b Annual precipitation variability in Morocco throughout the 20™ century.

Choice of Catchments:

West Africa was chosen because (i) it has experienced the most pronounced inter-decadal
vaiability of dimae in the world during the 20" century, (ii) relations to the dimates of
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Europe might exist via complex atmosphere-ocean interactions, and (iii) the regions north and
south of the Sahara might be linked via atmospheric teleconnection processes with regard to
precipitation anomalies, firs results of subprojects A1 and Bl give strong hints for the
existence of such a link by atmospheric moisture transports out of the West Sahel zone across
the Sahara towards the Atlas mountains.
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Fig.2 Thetwo catchments of consideration. The DRAA catchment in Morocco and the OUEME catchment in
Benin are boldly bordered. A sub-catchment of approx. 100x100 km west of Parakou (Haute Vallée de
I’Ouémé: HV O) has been chosen as an area of focused investigations.
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Since the 1970s both subtropical Northwest Africa and tropicad West Africa have experienced
a generd rainfdl decline which have probably been related (Fig. 1). For this reason it is of
advantage to consider both areas north and south of the Sahara desert in a combined approach,
redised by means of a transect between the Atlas mountains and the Gulf of Guinea (Fig. 2).
This transect contains two reasonably sized river caichments (< 100.000 kn?) which are
representative in the following sense: the Dréa cachment in the south east of Morocco is
typicd of a gradient from humid/sub-humid subtropicad mountains to their arid foothills (see
project B of this report); the Ouémé basin in Benin is typicd of an dternaing sub-humid
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cdimae ("Guineo-Soudanien”) of the outer tropics embedded within a transect from the
Sahdian to the Guinean Coadt climate (see project A).

The feaghility of the presented initiative has been guaranteed by the good avalability of data
of both the naturd and the human sciences and by politicaly sable conditions in the
respective countries.

Past and Present Situation:

Since the early 1970s tropical West Africa has suffered from a prolonged drought that reached
its firg dimax in the firgd hdf of the eghties The average ranfdl deficit over 1971-1990 was
of the order of 180 mm/year compared with the interva 1951-1970. All dimatic zones, from
the semi-arid Sahd and the subhumid Sudanese zone down to the humid Gulf of Guinea, have
been affected. The prolonged West African drought has dready brought about a profound
deterioration in the economic and socid deveopment of the West African countries. For
example, river discharges in West Africa have decreased by about 40-60% in recent decades,
causng shortages in river water available for domestic and agricultural purposes. For instance
Fg. 3a shows the decrease in run-off of the Ouémé a Béérou which reflects the integrd for
the southern part of the upper Ouémé catchment. This has led to extensve migrations in the
pest. During the rain-rich fifties, water power dations were built in the Guinea coast zone to
supply a substantia amount of energy to Ivory coast, Ghana, Togo, Benin and Nigeria

Run-off Ouémé at Bétérou
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Fig. 3a Annual run-off anomalies of the Ouémériver at Bétérou for the period 1952 through 2000. Unitsarein
mm/year, thereby taking into account the size of the upstream catchment area.

Moroccan precipitation is strongly relaed to the large-scde amospheric circulation over the
subtropical and extraropica North Atlantic and the Mediterranean Sea, with the bulk of
precipitation occurring in winter (November - March). Since the late 1970s, Morocco has
experienced a number of extremely dry winter seasons, the causes of which are not fully
understood. Againgt this background, the development of sustainable water resource
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management is even more a necesdty. The conddered wadi Dréa possesses two main
tributaries which drain the south-eastern and south-western parts of the Atlas and meet near
the city of Ouarzazate. This is dso the Ste of the Mansour Ed Dahbi dam that was built in
1968 and whose reservoir has a storage @pacity of 530 millionn?. Approximaely hdf of this
amount is released in norma years. The main irrigation dructures consst of five andler dams
downgream and a complex network of cands. Since the show mdt in spring contributes
donificantly to the annua discharge of the Dréa, diagnosing the spatid digtribution of
accumulated snow water equivaent in the devated aress of the cachment is particularly
desrable. An €ffective and sustainable management of water in the Dréa vdley is essentid to
endble the competing users (water power generation, irrigation, domestic consumption) to
have adequate supplies, and to prevent socid tensons related to water resources. Fig. 3b
shows the dramatic decrease in thefilling of the reservair in the last two years.

600
500
4001 Capacity
3001 Dec 2000
200 O Dec 2001
100

Fig. 3b Recent filling levels of the "Mansour Ed Dahbi" reservoir near Ouarzazate, Morocco.

M ethodology:

The avaldbility of fresh waer is govened by the hydrologicd cyde The different
components and their interactions are congdered in individud subprojects the amospheric
variability in subprojects A1L/B1, the continental hydrosphere in subprojects A2/B2 and the
land suface processes in subprojects A3/B3. Human activities related to fresh water are
investigated in subprojects A4/B4 and AS. In an integrated approach a sequence of existing
models for the individuad components have been adapted in the firs project phase. These
models will be coupled in subsequent phases with the ultimate goad to develop a decison
support system. A measurement network of necessary parameters has been sat up in data
sparse aress. For the Ouémé catchment we concentrated on the upper Ouémé valley where the
exiging nationd and IRD hydrometeorologica networks have been enforced with focus on a
super test ste 'Aguimd near Dogué (Fig. 44). In the Dréa catchment 11 climate staions and
10 fenced vegetation plots were indaled dong a height gradient from the High Atlas to the
pre-Saharan desert (Fig. 4b).

Co-operation:

Our research initiative is embedded within the loca research structures of the countries where
the research work is concentrated, i.e. predominantly Benin and Morocco. A large number of
co-operation contracts with local inditutions in these countries provide a sound basis. In
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addition to that efforts have been made to drengthen loca public, traditiond and private
inditutions and initiatives, and to enhance the locd scientific knowledge, eg. by. training
courses and seminars. Exchange programs a the universities of Cologne and Bonn for foreign
scientists and students support this process.
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Fig. 4a Location of the IMPETUS measurement sites and additionally all other hydro-meteorological sites
maintained by the following institutions:
zz  Direction Météorologique Nationale (DMN, Benin)
e Direction de|”Hydraulique (DH, Benin)
#&  Institut de Recherche pour |e Développement (IRD, France)
The circle indicates the 60 km radius of the French X-band radar at Djougou (planned for 2003).
During the period May - September 2002 IMPETUS will operate aradiosonde station at Parakou.
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PROJECT A

THE HYDROLOGICAL CYCLE OF THE OUEME CATCHMENT
AND SOCIO-ECONOMIC IMPLICATIONS
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Subproject Al

DIAGNOSTICS AND MODELLING OF THE SPATIAL RAINFALL VARIABILITY
ON INTRASEASONAL TO DECADAL TIME SCALES

P. Speth?, K. Born?, A. H. Fink!, R. Hagenbrock?, A. Hense?, M. Kerschgens?, H. Paeth?,
J. SchulZ, C. Simmer?, M. Sogalla®

Ingtitut fiir Geophysik u. Meteorologie, Universitét zu Kéln, Kerpener Str. 13, D-50923 Kéln
2Meteorologisches Institut, Universitét Bonn, Auf dem Hiigel 20, D-53121 Bonn
speth@meteo.uni-koeln.de; http://mww.uni-koeln.de/global er-wande /impetus

Key words: precipitation andyses, squdl lines, remote sensing, moded nesting, seasond
forecast, land surface changes, scae interaction

Abstract:

Analysis of precipitation trends reveals no return to normal or above-normal monsoon rains
in all climatic zones of West Africa. During recent dry decades, shortfalls at the height of the
rainy seasons were the major cause for the annual rainfall deficits in central-north Benin. In
this region, African easterly waves (AEWSs) were found to be a major trigger mechanism for
squall lines (SLs) at the peak of the rainy seasons 1998 and 1999. A 0.25 x 0.25° monthly
rainfall climatology is currently enhanced to daily resolution using METEOSAT Infrared (IR)
imagery and a passive microwave rainfall algorithm has been successfully calibrated with the
TRMM radar. As one result of $udies with the general circulation model, ECHAM4, a
combination of large-scale predictors were identified and used in a multiple cross-validated
satistical model which demonstrates a remarkable forecast potential of almost 50% of
seasonal rainfall variability. The use of the regional model LM for case studies of typical
rainfall events on different scales enhanced the understanding of West African weather
variability. Idealised and complex modelling studies with the FOOT3DK clearly disclose that
it is the interplay of convection cells with both land surface processes and larger-scale
atmospheric dynamics that eventually determines the rainfall anomaly pattern.

Results:
Precipitation trends in Benin

A dandardised rainfal anomay index for Benin as a whole, and the three overlapping sub-
regions, South Benin (6-9°N), Centra Benin (7.5-10.5°N) and North Benin (9-12°N) has been
developed from qudlity-checked higtorical daly ranfdl data From the rainfal indices it is
evident that a return to norma or above normd ranfdl has not occurred in Benin. On the
contrary, a dight negative trend emerges in recent years that is strongest a the Guinea Coad.
This statement holds true for West Africa as a whole. At present, it remains unclear why the
shift to a positive phase of the Atlantic decadal SST mode, that has occurred around 1995 and
that favoured above-normd rainfal in West Africa in the 1950s and 1960s, has not led to a
return to wetter years across West Africa. A vegetation feedback is just one, but a plausble,
scenario for this behaviour.

Synoptic wave disturbances (AEWS) and squdl lines (SLs) in West Africaand Benin

Usng ECMWF andyses, TRMM and DMSP passve microwave sensors and METEOSAT
three-hourly IR imagery, 81 African Easterly Waves (AEWS) and 344 Squal Lines (SLs)
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were manudly identified and tracked over West Africa during May-October 1998 and 1999.
SLs triggered by AEWSs were defined as such SLs that were first detected on satdlite images
ahead of the AEW trough and, only in the Sahd (> 12.5°N), in the region of the low-leve
moist northerlies. While 42% AEW-SLs were diagnosed for West Africa as a whole, this
number is only 27% for Benin. The reasons are twofold. Firgly, 17 out of 83 SLs occurred
dready in May when the AEW activity is negligible Secondly, AEWs grow in amplitude
towards the Atlantic coast, but aso in the course of the season. As consegquence of the
seasond amplitude growth, the number of AEW-SLs in Benin rose to 48% in the July-
September period. For the dry period, 1971-1990, it was found that shortfdls at the height of
the rany season in centrd-north Benin (August/September) were the mgor cause for the
annud deficits. Thus, the causes for “dry” AEWSs a the height of the rainy seasons are
presently investigated.

Remote sensng and precipitation andyss

The principd am of the use of meteorologica satellite data within the IMPETUS project is
the establishment of a satdlite based rainfal monitoring sysem for northwest Africa with a
soecid emphasis on the dae of Benin. This requires the derivation of ranfdl on
ingtantaneous to climatological time scales usng data from different types of radiometers (e.g.
microwave and infrared) as well as ran gauge data. The results will be used to assess the
qudity of ranfdl predictions provided by different meteorologicd modds on different spatid
and tempord scdes. For the hydrologica subprojects within IMPETUS, the satellite based
ran information can be used as input to hydrologicd models in different river catchments.
The climatologicd satellite products will dso be ddivered to the socio-economic parts of the
project giving much better geographicd rainfal distributions compared to maps derived from
common station based measurements.

As a dating point the precipitation andysis for Benin conssed of andysed monthly
aggregated precipitation fiedds. For this product the monthly precipitation estimates given by
the CRU (0.5° x 0.5° gpatial sampling) and the GPCC (1° x 1° gspatial sampling), both based
soldy on rain gauge measurements, and the GPCP (25° x 25° gspatid sampling), which is a
merged satellite data product, were combined in a weghted sense. The weghts were
computed by transferring the error covariance given by the GPCP data set (which gives a
parameterised estimate of the sampling error) to the other input grids. In the next step the
measurements of the individud rain gauges within the Benin weather service and the CATCH
networks were taken to enhance the resolution to 0.25° x 0.25°. During the data merging
process the optimal set of parameterisations of other influencing factors, eg. orography
influences on monthly rainfal was found via a cross vdidation technique (“regresson
sreening”’). A tempord  refinement towards dally vaues usng METEOSAT IR imagery is
currently under development.

The currently used quas empiricd basdine passve microwave dgorithm (Bauer e d., 2002)
is extended for the use with data from the TRMM satdlite. The used technique makes a first
order approach to remove seasondly varying surface contributions by maps of clear-sky
tempora averages of brightness temperatures. The influence of more dynamic parameters like
surface temperature and moisture is reduced by successve subtraction from the observations
by means of principd component andyss The resulting index of precipitation is then
caibrated to a rain rate using collocated radar data from the same satdlite. It was found that
the functiond dependence of the precipitation index and the radar-derived rain rate is very
amilar for different months and years. This is an encouraging result because the tempora and
soatid dability of this cdibration is of paramount importance for potentidly trandferring the
cdibration function to other passve microwave radiometers eg. SSM/I and AMSR which is
necessty to enhance the tempord sampling of passve microwave based ranfal estimates.
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The use of dl available microwave radiometers will then etablish the firg verson of the
ranfal monitoring sysem at the end of the first project phase in early 2003.

Modd reaults

A scde-comprenensve underdanding of the mechaniams that cause ranfdl varidbility in
West Africa is the principa purpose of the meteorologicd modd chain within IMPETUS. By
co-ordinated modd sudies, the key interactions of the manifold processes that contribute to
ranfal variability are identified and evauated on dl reevant tempora and spatia scdes.
This characterisation is the prerequiste to assess critical influences of possble globd and
regiond changes on ranfdl in the IMPETUS regions. In addition, the modd chan is used to
replenish meteorologica information to fill observationd ggps The modd hierarchy  that
covers the cascade from globa to locad scaes conssts of ECHAMA4 (globd climate modd),
REMO, (regiond cdlimate modd), LM (regiond meso-scde-? 20 -? forecat mode) and
FOOT3DK (meso-scde-? to micro-scde-? research model). Each model can be forced by
passve nedting into its larger-scale counterpart. Alternative forcing can be provided to REMO
and LM by andyss data

ECHAM4 is dudied and compared with other climate modds such as HADAM2 to
investigate globd and large-scde teleconnection patterns, the long-term  variability from
decadd to centennid time scdes and the progpect of climate prediction. Speciad emphasis is
put on the role of globa sea surface temperature (SST) changes and increasing greenhouse
gas (GHG) concentrations for West African rainfdl fluctuations. The results represent a
deciding fector for the forcing of smdler-scae amospheric (Al) and hydrologicd (A2)
models and might dso enter in economic baancing and agriculturd planning (A4). SST is a
man factor in determining West African precipitation, especidly south of the Sahara The
srongest link occurs to the tropica Atlantic and works via energy fluxes a the surface and
large-scde monsoon dynamics (cf. Camberlin et d. 2001). Furthermore, there is a Sgnificant
teleconnection to the tropical Pecific basin, involving the ENSO phenomenon. All predictors
are combined in a multiple cross-vaidated datiticd modd and demondrate a remarkable
forecast potentid of dmost 50% of seasond variadbility. In terms of riang GHG, there is a
wesk but datidicaly dggnificant cimate change dgnd in Sub-Seharan ranfal which is
condgent with different coupled climate modes and danding out againg internd variability
(cf. Hume & d. 2001). This 9gnd condds of deadily increesng annud ranfdl into the
future and contrasts the 20" century drought tendency.

Synoptic processes, which are not resolved in the globa modds, are picked up by the regiond
modd REMO. This modd is run a 0.5° resolution over the whole West African subcontinent
and helps to understand the regiona-scde synoptic mechanisms which induce ranfdl
variations over Benin and adjacent regons. REMO can be forced by ether (re-)analyses or
ECHAM4 data, and supplies the forcing data for smdler-scde atmospheric (Al) and
hydrologicd (A2) modds. Present smulations reved a reasonable representation of the
observed dimate variability. REMO even reproduces some basic features of observed
anomaous wet and dry rainy seasonsin Benin.

The rdation between mesoscde features of typicd precipitation systems and synoptic-scae
flow paterns is investigated with the non-hydrostatic mesoscale westher prediction moddl
Lokalmodell (LM) of the German Westher Service (DWD). For this purpose, the modd is
forced by andyss data for the globa weather prediction modd GME acquired from the
DWD. It operates on modd areas with grid sizes ranging from 0.25° (synoptic scae) down to
1 km (mesoscale) and can be used for case studies of a few days up to a couple of weeks. One
important question with respect to smulation qudity is if the convection parameterization,
which accounts for the largest part of the modd rain in West Africa, performs wel in the area
of interes. Two important conclusons could be made Firdly, deficiencies of the ran
forecasts ae manly caused by insufficient initid data due to the sparse network of
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aerological dations in West Africa; secondly, even on smdler scdes the use of a convection
parameterization precipitation improves forecasts compared to usng moded scae physics
only. The use of the LM for case studies of typicd rainfal events on different scaes enhanced
the underganding of West African weether variability. Another important aspect is the current
refinement of the land cover characterisation in co-operation with subproject A3.

The effect of interactions between the earth’s surface and the atmosphere on fresh water
avalability in the Haute Vdlée d Ouémé (HVO) is the focus of invedigations with the non
hydrogatic mesoscde modd FOOT3DK. A combination of idedised ensemble smulations
with a column verson of the modd and complex modeling of red precipitation events is
employed to assess the sendtivity of precipitation to variations in the land surface. For the
complex smulations, FOOT3DK is nested into LM forcing fields. Idedised studies exhibit a
dominant influence of initid soil water content and an enhanced dependence of precipitation
on vegetation when soil water availability is reduced. For wet soils, parameters that determine
the intengty of near-surface turbulence are dominant. Complex modelling confirms that these
relationships are useful to identify criticd land use changes in redidic settings. However, the
resulting regiond dructure of precipitation anomdies (Fg. Al-1) canot excusvely be
attributed to the pattern of hypothetical land use changes. It is the interplay of convection cells
with both land surface processes and larger-scde amospheric dynamics that eventudly
determines the rainfal anomay paten. Sendtivity andyss with FOOT3DK  will be
incorporated into a datistical-dynamical gpproach based on a classfication of cheracteristic
regimes tha account for the ranfdl in the HVO. This methodology will enable a regiond
assessment of rainfal reduction risks by future land use changes.

Fig. A1-1 Left: Accumulated precipitation and temporally averaged near-surface wind from July 28, 06 UTC to
July 30, 06 UTC simulated by FOOT3DK for an undisturbed surface. Right: Differences in resulting
for the same event if adverse properties for rainfall (reduction of vegetation, soil water, roughness;
increase of albedo) areintroduced at the grid points that are marked by dots.
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Abstract:

The main task of the hydrological project A2 of IMPETUS is the description and
quantification of the hydrological processes at different scales in Benin, West-Africa. It isthe
main goal to provide a hydrological modelling tool which enables us to perform a scenario
analysis to assess the effects of environmental and anthropogenic change on the hydrological
Ppr OCesses.

To attain this goal, a nested approach is used. At the local scale a representative, conjoint
catchment has been selected by all working groups which acts as a super test site. I's has been
arranged for instruments by all groups to comprehend the interrelations of properties and
processes in the subhumid tropics. In particular the subproject focuses on the variability of
soil water dynamics, groundwater recharge and soil degradation.

Based on the local scale measurements and the improved insight into the interrelations of
properties and processes, hydrological model applications are performed at the local scale.
Due to the fact that the meteorologists within IMPETUS already use the TOPLATS model
(Famiglietti & Wood, 1994) as part of their atmospheric circulation models it has also been
selected as hydrological model. At the local scale the model parameters can be measured
directly or derived from mapping campaigns. Parameterisation schemes are devel oped which
are needed for the regional scale hydrological modelling which have to be based on
operationally available data (soil maps, land cover classifications) stored in a Hydro-GIS.

Results:
M easurement concept

The Aguima caichment (30knt) has been sdected as a super test site of IMPETUS. It is
stuated in the south of the upper Ouémé basin (ca 14.000kn). The catchment (ca. 250-320m
above sa leve) is pat of a lage plan and is dominated by savannah vegetaion and
agricutura used areas closeto villages.
All measurements performed at the loca scde are concentrated in this super test ste (see fig.
A2-1). During the fira fidd campagns the following permanent indruments has been
installed:

?? two dimate Sations (plus one additiona of subproject A3),

?? two dud soil water measurement stations under four different land use types (tensio-
meters and TDR-probes at different soil depths, suction cups),
32 TDR tubes covering the whole catchment area,
four discharge measurement gations,

7?
»
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?? 12 eroson measurement plots.

Instrumentation of the
Aguima catchment

Hydrological gauging stations
b water level gauging station
r water sampling point
8 well

gauging sites of soil hydrology

# TDR-probes
) TDR-probes, tensiometers,
suction cups

other gauging sites
8 climate stations
y ercsion parcells
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Simone Giertz

Fig A2-1: Hydro-climatological instrumentation of the super test site (Aguima catchment).

Additiond to the permanent ingruments a large number of campaigns have been caried out
to determine soil-physica (eg. Ks, Ku, pF, bulk densty) and soil-chemicd properties (eg.
nutrients, pH), to investigate the soil eroson process and to andyse the water chemistry of
soil water, groundwater and surface water. One essential task to complete the knowledge on
properties and processes a the locd scde is the generdtion of the loca soil map which is
derived from 30 digtributed profile holes and 410 drillings dong transects.

Soil water dynamics

The data collection of the soil water measurement Stations contributes to the andyss of the
soil water dynamics related to the Ste properties such as soil and vegetation characterigtics.
The two soil water measurements dations are built up under different vegetation types,
savannah and agricultura area. Both dations consst of eight tensiometers and eight TDR-
probes in four depths, therefore two sub-Stes are measured a a time. Additiondly the
spatidly digributed TDR tubes enadble an andyss of the spatid soil moisture pattern within
the catchment which is mainly caused by soils, vegetation and topography.

The savannah dte is divided into two sections with differently dense tree population (‘savanne
boisée¢ and ‘foret dar’), a the agriculturd dte the soil water dynamics under maize and
cotton is investigated. Maize and cotton ae the predominant field crops in that area, ‘savanne
boistee and ‘foret clar are the predominant natural vegetation classes. Based on these
measurements the estimation of the runoff production and groundwater recharge mechanisms
depending on the dte properties is feasble. Firs measurements show a quick reaction of
sorm events on soil moisture and runoff (Fig. A2-2).

Soil degradation / erosion

Actud soil eroson is examined a different scdes during the whole rainy season. Erosion
plots have been inddled to measure eroson rates a the point scde, sediment trgps and
eroson pins to sudy the spatia pattern of soil eroson. As the highest eroson rates were
expected on agricultura used areas, maize, peanut, cotton and yam fidds were sdected for
ingtallation. One extensively pastoral used savannah Site was chosen as areference.

The amount of eroded soil materid strongly depends on the amount and the intensity of the
ranfdl events. Highet soil loss rates are obsarved during heavy rainfal events. Differences
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between the eroson rates of different cultures (Fig. A2-3) have manly two reasons the soil
loss of maize, cultivated in rows, is higher than soil loss of yam cultivated on mounds. In the
end of the rainy season the relation changes due to the development of the leaf area index and
the soil coverage by the canopy.
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Fig. A2-2: Comparison of measured precipitation, discharge (Aguima) and soil moisture (savannah site).
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Fig. A2-3: Soil erosion of maize and yam, measured by sediment traps.

Hydrogeology and groundwater chemistry

The aquifer of the Aguima caichment is located within the migmatitic basement which
conssts of fractured rocks. The main fractures (NW-SE and SW-NE drection) represent the
drain system of the groundwater which is captured in the two wells of the village Dogue.

The groundwater recharge process drongly depends on the compostion of the lateritic
weathering zone. Laeritic dsrengthened soil horizons may act as aquitards. The percolating
water is then dammed up and forms interflow (depending on the dope conditions). If there are
preferentid flow paths in these aguitards, the water partly contributes to groundwater
recharge. As the aquitardes do not cover the caichment as a whole, a direct percolation from
the soil water zone to the groundwater is partly present. The origin and the age of water can
be derived from the chemica compostion of the water. Groundwater, soil water and surface
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water in the catchment differ sgnificantly concerning their chemica compodtion (Fig. A2-4).
Depending on the dorage time and aquifer minerdogy groundwater shows a higher minerd
content. The soil water shows increased K and Ca concentrations, the surface water increased
Fe, Naand Ca concentrations. To identify the flowpaths tracer tests will be carried out.

Locd and regiond water badances —
hydrologicd modelling — Hydro-GIS:
Based on the measurements of the first
rainy season water balance terms at the
locd scale can be compared to
regiona water baance terms. At the
savannah dimate dation near Dogue in
2001 an annud precipitation sum of
about 800mm was measured. The
runoff contribution of four smdl sub-
catichments of the Aguima (3-17 knt)
was between 23 and 136 mm/a,
depending on soil and vegetation
conditions. Thus as expected the
catchment contributions to runoff at
the locd scde show a high variability
but average to values comparable to
regiond scde vaues which can be
seen by extrgpolating the regression
curve of the gauge doation Térow
Wanou (fig. A2-5) to lower rainfdl.

For the hydrologicd moddling a the
regiond scde parameerisation rules
developed a the locd scde and a
gpatiad data base (Hydro-GIS) are
required. For the Térou basin which is
a subbasin of the upper Ouémé vdley
folowing daa were made digitdly
avalable

?? Digitd soil map 1:200.000,

?? Digitd geologica map
1:200.000,

?? Digitd devation modd (100m
gpatid resolution), derived from
contour lines of the topographic
map 1:200.000,

?? USGS land use dassficaion
(1 km spatid resolution),
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Fig. A2-4: PIPIER diagram of water samples- Aguima
catchment and village Dogue.
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Fig.A2-5: Annual precipitation (station Dogué) versus
discharge of four rivers in the upper Ouémé valley (1997-
2000). Black line: logarithmic regression of the gauge Térou-
Wanou.

Firg regiond smulaion (parameters derived from Hydro-GIS and literature) have been
performed for the Térou basn. The TOPLATS approach has been chosen as TOPLATS is
dready used as land surface scheme within the amospheric modd LM in IMPETUS. Since
the parameterisation rules are 4ill under development, the modelled discharge does not fit

exactly the measured hydrographs.

Refer ences:

Famiglietti, JS. & Wood, E..F. (1994): Multiscae modelling of spatidly variable water and energy
balance processes. Wat. Res. Res. 30/11, 3061-3078.

24



Subproject A3

FUNCTIONAL RELATIONSHIPS BETWEEN SPATIO-TEMPORAL VEGETATION
DYNAMICSAND WATER CYCLE

G. Menzt, W. Barthlott®, J. Burkhardt?, H. Goldbach?, B. Orthmann®, S. Porembski®,
M. SchulZ, H.-P. Thamm'

! Geographische Ingtitute, Universitét Bonn, Meckenheimer Allee 166, D-53115 Bonn

2Agrikulturchemisches Ingtitut, Universiti Bonn, Karlrobert-Kreiten Str. 13, D-53115 Bonn

3Botanisches Ingtitut und Botanischer Garten, Universitét Bonn, Meckenheimer Allee 170,
D-53115 Bonn

menz@rsrg.uni-bonn.de; http://www.rsrg.uni-bonn.de

Key words. West-Africa, land use cover change, vegetation dynamics, remote sensing, water
use efficiency, biomass, transpiration, regeneration potentia

Abstract:

The IMPETUS subproject A3 employs a multidisciplinary approach to investigate the
functional relationships between spatio-temporal vegetation dynamics and the hydrologic
cycle in the Upper Ouémé catchment in central Benin. Vegetation within the catchment was
assessed using remotely sensed data and processing. The hydrologic cycle and biomass
production parameters of transpiration and radiation budget were measured in situ on
several measurement stations and interpolated to wider areas. The vegetation dynamic was
then analysed at time scales of a phenologic cycle as well in decades in detail on 39 field test
plots and through remote sensing for the entire catchment. Dramatic land use and land cover
changes were assessed within the study area for the last 20 years, and land cover change
“hot spots’ were identified. Based on this analysis, and in co-operation with other IMPETUS
sub-projects, it is possible to derive a land use change model which provides additional
knowledge for important land use change factors, including socio-economic data.
Interactions between the different vegetation types present within the study area and the
hydrological cycle are fundamental to developing an appropriate hydrologic and
development management system for the region. Additional investigations focused on the
regeneration potential of forest areas following logging as well as on methods to increase
agricultural water use efficiency are other important components in such a management
system. Within Sub Project A3, new techniques and methods for a scientific approach to a
rapidly changing semi-humid tropical environment where designed. The subproject is well
integrated in the IMPETUS project, as well as with other international research groups and
programs. These include the NASA's Land Use and Cover Change (LUCC), the International
Geosphere Biosphere Programme (IGBP), I TA, GTZ, BIOTA and DANIDAT).

Goals:

The exiding land use and land cover of an area is a key parameter within the hydrologca
cycle. In the IMPETUS project, the main goad of Subproject A3 is to invedigate the
functiond relaionship between the vegetation cover and water cycle usng a process
orientated approach. Vegetation has high tempora and spatiad dynamics in the study ares,
principdly due to human impact and to the differing moisture regimes of the dry and wet
seasons in the semi humid tropics. As an important step towards an integrated management
sysem, it is necessary to assess these dynamics and understand their impacts on the
hydrologicd cycle.
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Resear ch design and results:

In spite of organisation problems faced when working in a developing country, we have
established aresearch program in the study area and have made significant progress to date.

V epetation assessment

Development of vegetation test plots: The Upper Ouémé region is a part of the trangtion zone
between the Northern Guinea Zone and the Southern Sudanian Zone. The natural vegetation
in the area is characterised by tree- and scrub-savanna, with a high grass understory. As a part
of this study, botanists have established 39 tet stes, 30m x 30 m in sze, in the catchment
aea to asses the flora and to record relevant vegetation parameters, including basa area,
height, lesf aea index, biomass and many others. Large-scde vegetation dynamics ae
regularly monitored in these test Stes. In order to assess of the impact of logging on the ared's
micro climate and the regeneration of forest, 72 transects, 5m x 15m in Sze, where
established and each was equipped with a micro data logger. Loca participants were recruited
and trained in order to monitor each plot throughout the year. All information acquired from
the test dtes is assembled in a spatidly related database, dlowing ready access to te data by
other members of the group.

Assessment of the actual land use / land cover with remote sensing: The Remote Sensng
Research Group has the task of assessng the land use and land cover for the Ouémé
caichment. This was done by classfying 30m x 30 m LANDSAT ETM 7 sadlite images.
Employing optical sensors in a semi humid area is complicated by the presence of the dust
and moigture typicaly present in the amosphere. These conditions required intensve pre-
processing of the LANDSAT image data. Advanced radiometric correction of the images was
peformed usng the progran STEAMER and meteorological reanadyses daa as input.
Additionaly, the program ATCOR was used. A land cover classfication sysem was
developed in collaboration with the botanists and the meteorologists to meet the requirements
of both groups. A sound basis for the classfication sysem was edtablished through an
intengve fidd campaign to collect in Situ vegetation data In  co-operation with
GEOSYSTEMS, Inc. new tools for linking remote sensng images with GPS measurements
were successfully developed and tested (THAMM & ScHMIDT, 2001). This effort lead to
ggnificant time savings and increesed efficiency in fidd data gathering. As a find component
of the fiedd campaign, a comprehendve field database including digitd photographs of more
than 600 training areas was aso conmpiled. The dasdfication of remote sensang imagery to
asess vegetdion in the semi-humid tropics is a demanding task, principdly due to the high
inter-seasond  variability of the vegetation. Conventional classfication methods based on
spectrd properties have ther limitations in capturing this response variability. To solve this
problem, a new knowledge based classfication method utilisng a multitempord image set
was developed and employed successfully (SCHOTTKER & THAMM, 2001). This approach
resulted in a 15 % increase in accuracy for classfication of vegetation types which are subject
to brush fire. Only very coarse resolution digita devation modds are available for the Ouemé
catchment area of investigation. Data from the recently orbited ASTER sadlite were used in
combination with highly precise differentid GPS measurements (DGPS) to produce a 30 m X
30 m reolution digita devation mode for the test area which we refer to as the “super test
dte’. This study dso had the god of cdculaing leaf area indexes for the different vegetation
types present within the study area. To complete this task, a number of in situ measurements
were made and compared with smilar vaues derived from satdlite images.

Assessment of the relevant physiognomic and meteorological properties of the vegetation:
The agriculture group determined transpiration rates, biomass and water use efficiency for the
different vegetation units. This effort incdluded working closdy with locd famers in the test
dste. 150 individua fidds were sdected and cultivated with different crops (sorghum, cotton,
maize, yams, peanuts). The biomass production and nutrient fluxes in reation to the water
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demand were determined for each fidd. Additional transpiration measurements were acquired
through the use of a new instrument developed by Burkhardt, Inc. (Burkhardt et d., 1999;
Burkhardt and Gerchau, 1994). These transpiration rate data were compared with transpiration
rates derived from different methods including sap flow measurements and gpproaches using
meteorologicd measurements. Two micrometeorological daions where ingdled in the study
area to record the complete energy baance.

Vegetation dynamics

Assessment of the vegetation dynamics. Vegetation has different tempora dynamics the
inner-annual  vegetation dynamic within the phenologicd cycle and the long-term vegetation
dynamic caused by human or environmenta factors such as long term dimatic change.

Assessment of the inner-annual vegetation dynamic: The four LANDSAT ETM images which
were acquired for this sudy show clearly the different dtages of development within the
vegetation phenologica cycle and were used to conduct an invesigetion of the inner-annua
vegetation dynamic in the sudy are. Fire within the study area is of great Sgnificance to the
inner-annua  vegetation dynamic. more than 40 % of the area in the Upper Ouémé catchment
is subject to burning. That is a aso an important factor concerning the overal carbon budget
within the dudy aea The timing of the bush fires is dso ggnificant in the land use
management concept for the area. Typicaly, fires are started by farmers a the end of the dry
season, hus plant and soil nutrients will be washed out with the firg rain. Early fires are not
likely to go out of control and provide more time for the nutrients to penetrate the soil. We
fed that information avalable from the new MODIS satelite will dlow us to detect fires
within the dudy aea with even more precison. NOAA Advanced Vey High Resolution
Radiometer (AVHRR) images were dso analysed in addition to the LANDSAT ETM scenes.
When compared with the ETM data (with their reaively fine spatid resolution), AVHRR
imagery has a much more coarse spatid resolution (1000m x 1000m) but a much finer
tempora resolution with daly image acquistion. Vegeation informeation derived from the
AVHRR data is vauable as input for meteorologicd models or to verify the modd results.
Information derived from these remote sensng inputs over the entire Ouémé catchment is
then compared with field tes plot information generated by the botaniss adong with the
micrometeorologica spot measurements performed by agronomigts, following interpolation
of the field test plot data and point source meteorologica datato greater spatia units.

Assessment of the long-term vegetation dynamics. The long-term vegetation dynamic within
the sudy area was derived through andlysis of higoricd LANDSAT TM imegery acquired
during the 1980's and comparison of these data with exising vegetaion cover. Three
different change detection methods were employed: Principd Component method (PC),
change vector andyss and post classfication method. The land use and land cover of some
portions of the Upper Ouémé were subject to significant changes between the 1980 and 2000.
In the “Foré& de I'Ouémé’ area, approximately 15 % of the area changed from forest to field
and stlements. The main settlement lines are dong the roads, examples include the road
between Ndai and Djougoum and the road between Woubéo and Bassla, both of which
were enlarged during the early 1990's. Settlement in these aress is extremdy dynamic and
land use and cover change is quite rgpid; our research indicates than more than 10 new
settlements were present just in the one year period between 1999 and 2000. In addition to the
stlement with aress of naurd vegetation cover, commercid logging is a dgnificant
environmentd problem in the area of investigation. Four timber species (Khaya senegaenss,
Afzdia africana, Isoberlina doka, Pterocarpus erinaceus) are subject to large- scde logging.
Botanists have recorded more than 350 cut down trees (through count of remaning tree
trunks) in an area of only 5km x 2 km within a year. Urban settlements have dso expanded
between the 1980's and 2000. Both mgor cities within the test Ste, Parakou and Djougou, as
well as smdler towns like Bassla, have increased ther area by nearly 50 %. Information
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regarding land use and land cover in the area change were combined with the socio-economic
data collected from the IMPETUS subproject A4. These data include precise demographic
data for every village and new settlement dong Woubéro-Bassla road. This data st is very
useful for the developing of a land use and land cover change modd for the region and for
estimating future urban land area demands for in the area.

Edablishing an integrated land use management system will dso dlow the preservation of
criticdl areas within the region by identifying such land cover units as foret sanctuaries
Andyss of remote senang data shows clearly that human development and urban expansion
sop precisdly a the boundaries of the sanctuaries. This phenomenon is observed a the
northern boarder of the “Foré& de I’Ouémé’. In addition, areas where the borders of the
sanctuaries are being violated can be readily identified usng satellite imagery, and sanctions
may then be put into effect. The 1980 and 2000 land use classfications can aso be used as
inputs for climate and hydrologic models to more accuratdly estimate the impact that changes
in land use and land cover may have on the hydrologica cycle.

Activities towards a management concept

In addition to the important research activities to estimate the influence of land use change on
the hydrologicd cycle described above, additiona activities are ongoing which focus on
devdoping and implementing a scientific system of regiond land use management.

Increasing crop water use efficiency: Colonision is closdly rdaed to the efficency of
agriculture in the region. If yieds per hectare can be increased, less new area has to be
colonised. Agronomists are currently investigeting the impacts of different fertilizer types on
the yidd on ther 150 tet fidds in the study area Of gpecid interest is the use of organic
fertilizers which are meant to improve the water holding capacity of soils.

Estimating the regeneration potential of forests: Botanids are investigating the mechanism of
fores regeneration following logging. By andysng changes in micro cdimate in logged forest
clearings and by performing seeding probes, estimates may be made regarding which types of
trees regenerate in which dze of fores clearing. This ads in accurately edimate the sze of
forest patches which must be preserved for regeneration of selected tree species.

Implementation of a land use and land cover change model: A land use and land cover
change mode can be developed which describes the process of land use and land cover
change and may be used to predict future changes in the region. This modd is based upon the
land use and land cover changes detected with remote sensng dong with the socio-economic
data generated by IMPETUS Sub Project A4. This moded will be of particular use in
edimating land use and land cover changes which may be induced by development projects
such a huilding a new road or expanding and exiging road. In addition, sgnificant land use
and land cover change “hot spots’ can be defined within the region.
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Abstract:

The main objective of various research activities in this subproject is to analyse the
interdependencies between resource availability and socio-economic  respectively
demographic development in selected places in Benin.

Because of completely lacking or incomplete time series of secondary data the investigation is
partly based on empirical social research. Most of the work packages till remain in the
phase of data collection and of preliminary evaluation. The status of preparing the necessary
data-set and developing conceptional framework is still different because of manifold
problems including recruiting scientific staff or restrictions in working conditions.

Due to the actual findings, it is obvious that Benin at all does not belong to those countries
with poor water supply. It is most of all a problem of an urban-rural-dualism in water
availability related to different water-access and use. In those places with water-scarcity or
water insecurity thisisthe problem of highest priority for the population.

As far as development strategies and related institutions are dealing with the improvement of
resource availability it seems to be that the approaches do not meet the need of the
population.

In the field of migration it is quite clear that the settlement takes place in an institutional
vacuum and without governmental support. The consequences are transformations of socio-
economic structures on local level and changes in land use patterns, caused by migration as
well as by significant political problemsin managing property rights.

Finally collecting of data on natural indicators related to land use systems show very
different regional conditions. According to the efficiency of water application and capacity of
soilsin CO,.storage the expansion of agricultural production is different.

Results:

The invedigation on waer supply, which sated in 2000 is mosly based on an
interdisciplinary analyss of sdected private households at different places. In view of the fact
that Benin shows a supply of renewed sweet water of 4.800 cubic metres per capita and per
year it is not a water poor country exceeding sgnificantly the limit of 1.001 to 1.666 cubic
metres for water scarcity. Problems in water avalability mostly are obvious on regiond and
loca levd. In this context the differences in water consumption between urban and rurd aress
show a clear picture. During the rainy season the average water use per capita and per day is
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18,9 liters compared to urban inhabitants with 28,7 litres. The range of consumption per
capita is extended in urban households up to 69,9 litres, because of access to different sources
in water supply. In villages, the digtribution of water consumption is nearly equa caused by
identicd living conditions. For example, there is no posshility to buy water in dry seasons, if
the own well dries up.

Water scacity is a problem of vey high importance if households mention ther
environmental risks. Related to their persona gStuation in daly life, the aspect of water supply
only ranks on fourth position beside lack of money, disease and poverty. In spite of temporary
water-insecurity this is no reason for migraion, which obvioudy is due to private property of
house and cultivated area. Beyond this, it is a seasond phenomenon for which solutions
should be avalable. In generd the mgority of the popuaion induded in the invedigation
points to the fact that there are no indications for water conflicts.

Less encouraging ae the results of the effects of deveopment drategies including the
efficiency of related inditutions. Based on a crosssectionr and an in-depth-andyss the
research activities on one hand were amed a the identification of organisations supporting
agricultural  development and introducing micro-credit-schemes as wdl as being engaged in
the process of decentrdisation. On the other hand the andyss intended to describe and to
evduate different methods concerning for example the anadyss of problems, targeted
intervention to certain groups of population or to sdected regions. On this background, the
concatenation of actions and ther effects is a very important aspect, which will result in
development-orientated profiles of villages The result of invedigaing 41 naiond and
internationd organisations indicate that they hardly affect the agriculturd sector in spite of the
fact that this sector mostly influences natural resources.

A more differentiated judgement presents the following findings:

?? The establishment of micro-credit-schemes did not include poor people, which are not
organised, but are in need of external support.

?? The co-operation with people migrating from outsde did not work, because they only
dayed for a limited time, which made it impossble to integrate these people into
Society.

?? Women have been a preferred group as beneficiaries of micro-credit-schemes because
they have ahigher saving quota and thus, the ability to pay the credit back.

In the same way the results of the evauation of projects in 5 villages and of 2 infrastructure
programmes show that its effects on food production respectively on income generating were
limited. Mogt of al migrating people could not profit from these activities as shown above.

Concerning the aspect of migration in a narrower sense and the dynamics of sdttlement it is
important to know the new socid background crested by migrants, ther forms of politica
organisation and integration as wel as ther impact on the trandformation of the traditiona
sysems. The results present a sobering picture insofar as the process of decison making
within separated groups of migrants is informa and characterised by anarchic structures. On
the background of a keen competition on the control of new inditutions on village leve there
are winners and losers of socid change leading to dgnificant shifts of the traditional structure
of power.

Beyond this the invedtigation shows that — caused by migration — land-use-patterns change
and tha new forms of cultivation are introduced. These results will be important for the next
dep of research, when the interdisciplinary moddling will take into account changes in
surface covering and the process of deforestation.

Andysing the problem of property rights, the concluson is obvious that migrating farmers are
confronted with loca owners. The traditiona legidation on property does not give any legd
protection to the newcomers, which again affects the utilisation of naturd resources. So, for
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example, the prohibition of investment in tree planting will prevent reforestation of cleared
aress.

Summarisng the deveopment, the results indicate that conflicts on property rights will
increase — a chdlenge which is to be managed by reforms of political structures on loca leve.

Concerning the influence of land use sysems on organic matter dynamics and on water use
efficiency, the following approaches and results are interesting:

With the demographic pressure on the land, the farmers who till have enough land to clear,
maintan or increese their levd of production through the extenson of the agriculturd area
whereas those who do not it reduce the duration of the fdlow. Tha involves a fdl of the
biomass production and consequently a low content of soil organic matter. According to the
importance of water and the organic matter in the agriculturd production, this study andyses
the influence of the land use sysems on the organic matter dynamic and the water use
efficiency.

After the quantitative data collections and andyse, the villages of Dogué and Sérou were
selected respectively, as representing the villages which have ill land to cler and those
which do not have it. The land use in each village has been divided into four land use sysems.
forests, fadlows, cashew plantations and other crops arees (Cassava, yam, maize, sorghum,
rice, beans, groundnut, cotton, ...). Observations and quantitative data gathering began in June
2001. Parameters include litter fdl, organic matter, height of the cropsitrees, leaf ares
biomass production, soil water, soil CO, emisson..eic and are teken within sxty four
samples whose dimensions of each one are 30m* 30m.

Concerning the organic matter dynamics and the carbon sequedtration, the preiminary results
show that the biomass production during the farming season (June —November) 2001 is higher
in the samples of the crops area in Dogué (5.2T/ha) and Sérou (5.0T/ha) than it is in any other
land use sysem. If one considers the biomass production of each land use system during al
12 months, it is probable that the food crops provide less litter. Whereas the mgority of the
food crops produce their biomass between June and November, the cashew plantations and
the forests continue to provide litter especialy in dry sesson. The forest of Sérou comes in 2™
place with a litter production from 2.3T/ha The Cashew plantations in Dogue and Sérou
produced respectively 0,4 and 1,1T/ha litter. The forest of Sérou (with 6,2T/ha soil litter) as
well as the cashew plantations in Dogué (3.5 T/ha) and Sérou (4.9T/ha) can be defined as CO,
snk. Whereas in the other samples (forest of Dogue, falows), bush fires and the burning of
the harvest resdues destroy dl the litter and recycle the carbon in the form of gases (CO,,
CO)) in the air, the areas of cashew as well as the forest of Sérou are carefully protected
agang the fire. The CO, emisson from the soil under different land use systems was higher
in rain season and between 0.6 and 1.8 g/n?-h.

The water use efficiency in the different land use sysems in Sérou, is summarised in the table
below.

Water use efficiency under different land use systemsin Sérou:

Land use system | Biomass production (Kg/m®) | Calories production (K cal/m®)
Other cropsarea | 0,551 357,0

Cashew 0,131 Tubers 0,542 | Tubers 301,2

Fdlow 0,028 Leguminous | 0,450 | Leguminous 287,8

Forest 0,260 Ceredls 0,661 | Ceredls 482,1
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Supposing that 2000 Kcal are the daily needs of each person in Sérou, and that 75% (1500
Kcal) of caories come from the production of tubers, leguminous plants and of ceredls, 4,2n7
water are currently necessary to produce the 1500 Kcal (1533,6nT as annud water
requirement per capitain Sérou ).

A find goproach is deding with the andyds of long-term perspectives of economic, socid
and demographic development under dternative scenarios of resource avallability and socio-
economic framework conditions by cdculaions on smulation bass. The man methodicd
tool isthe programming of arecursive-dynamic modd of the agricultura sector.

The modd is ill in preparation and the necessary data adequate to the model are collected
respectively, they will be provided by national and internationa organisations
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Abstract:

The aim of the project is the assessment of risks caused by complex water problemsin Benin.
In this interdisciplinary approach anthropological and medical sciences (bacteriology and
virology) are collaborating. Modern risk theories provide a basis for the holistic analysis.
Main issues are the detection of communal "hazards' influencing the water system with
respect to quantity and quality, the local perceptions of these dangers and the role of local
risk minimising strategies. Due to the long term characteristics of anthropological studies
and the establishment of required settings in the medical part (laboratory construction,
method validation) only preliminary results have been obtained from 3 out of 5 work
packages. Malaria, respiratory and gastrointestinal infections are the leading diseases on the
single village level, highlighting hookworms as predominant parasites. Although no
significant differences could be observed, more infections have been seen in well- than in
surface-water dependant collectives. Daily water consumption was approximate 17 litre per
inhabitant. So far over 60 water samples have been taken out of 900 mapped locations (well
and surface waters). First line analysis showed approximately 1300 isolates of bacterial
species, requiring further differentiation and epidemiological judging.

Background:

The availability and qudity of drinking water is crucid for the inhabitants of the West African
Sahed and Sudan zones. Through their direct influence on agriculturd productivity and hedth
both factors have an impact on settlement and mobility patterns. In addition they determine
the locd drategies of resource exploitation and the epidemiology of the whole region. As a
consequence of the decreasing water resources, the growing population and the burden of
endemic infectious diseases tropica countries like Benin face this Stuation in a more extreme
sense. Conflicts begin to rase on a locd levd concerning the use and the didribution of
limited resources, spreading eventualy even to the developed part of the world. Therefore the
conception and evaudion of risk minimisng drategies is decisve from a locd, regiond and
globa point of view.

Objectives:

The subproject A5 of IMPETUS combines the disciplines of anthropology and medicine
representing the idea that only a holigic andyss of water problems meets the requirements
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for efficent management drategies. The common bass for both sciences is provided by
modern risk theories. Man issues ae the detection of commund "hazards' influencing the
water system with respect to quantity and qudlity, the loca perceptions of these dangers and
the role of locd risk minimisng srategies. Five work packages have been crested to cover
these problems:

The work package "Management of water and of water-dependant resources in loca, socid
and politica settings of the upper Ouémé region" deds with the interaction between economy,
migration and conflicts on a regiond scde. This investigation focuses on the documentation
and compadive andyss of economicdly, culturdly and higoricdly differing concepts of
water use.

In the work package "Water households economy in the upper Ouémé basn' socid and
economic drategies are andysed on a locd (village) levd. Surveys and interviews are used to
evaluate the agricultural production as well as consumption patterns with specia attention to
socid inequdity and changing owner rights.

The work package “Water and hedth conditions: indigenous medicines in the Haute Vdlée de
I’ Ouémé' assembles different perceptions and practices related to water dependant sickness.
Loca disease and hedth concepts as well as preventive and curative measures are analysed by
interviews and participating observations.

The work package "Water and infection: qudity of drinking water and epidemiology of water
associated infectious diseases in the Ouémé-Region” includes the detection, characterisation
and quantification of water-transmitted bacteria with respect to WHO advice.

In the work package "Proof of vird indicators in various sources of drinking water in the
upper Ouémé basn" the risk of virdly contaminated water is invedtigated. By testing
virologica indicators (Entero-viruses, Norwak-Viruses and Hepatitis E Virus) the effect of
these agents on local epidemiology is assessed.

Results:

Due to the specid character of the anthropologicd studies with long-term fidd campaigns and
the establishment of required settings (laboratory condruction, method vaidation) actudly
only preiminary results and obsarvations exist. As a consequence the inherent medicaly
orientated work packages are presented exclusively in the following.

Water and health conditions: |ndigenous medicinesin the “Haute Valée del’” Ouémé’

Research has been carried out for more than twelve months in Dendougou, a smdl village of
about 500 inhabitants in the north-east of Djougou. Badc indicators of the local Stuation were
ganed by a micro-census. People living in Dendougou beong to 12 different ethnic groups,
predominatdly Yom (36,5 %), Cocoma (18,7% ) and Fulbe (17 %). All other ethnic groups
ae bdow 10 %. 52 % of the married population is living monogamous versus 48 %
polygamous respectively. Only 21 % of the population older than 6 years had a formdized
education (7 % went to primary school, 2 % to a koranic school, 12% learned to read and
write in a campaign fighting illiteracy). 60 % of the villagers are Modems, 4 % are Chrisians
and 1 % rely on Fetishigm, but 35 % practice no religion a dl. Interestingly most of the
Modem, Chrigian and Athes families possess a family fetish (60% of dl families). There
are three different resources of water in Dendougou: Wl water, rainwater and water of rivers
or waterholes. 16 % of al families rey entirdy on surface water resources during the dry and
rainy season.

Based on this descriptive data, three long-time studies have been effectuated in the second
haf of 2001:

From Autumn 2001 to January 2002 a longitudind hedth survey in eight sdlected families has
been undertaken, thus covering one rainy as well as one dry season. Families with access to
wel water were included in addition to families which entirdy rely on water from the river or
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water holes. Firg andyss showed maaria, fatigue and fever associated illnesses as leading
diseases, followed by respiratory and gaestrointestind infections. Interesingly no sSgnificant
difference between the well- and the surface-dependant groups could be detected, suggesting
equa water qudities Never the less obsarvations showed dightly more infections among
people usng well water resources.

A second longitudind hedth survey focused on the examination of blood and stool samples of
the indigenous population, which were andysed twice monthly a a laboratory in Djougou.
The tests were concentrated on maaria and intestinal parasites, showing that 55 up to 73 % of
the population had actud manifestations or a least former contact. Under 47 infected people
32 cases (72 %) were due to Necator americanus (the sub-Saharan variant of Ancylostoma
dudenale), which causes intesind infection. These hookworms both infect man by
penetrating the intact skin, usudly of the feet. The aisence of latrines and the lack of shoes
were suggested as man factors favouring this route of transmisson. Again there were little
more infectionsin the well related group.

The third study concentrated on the consumption patterns of water in the locd setting of
Dendougou. It was effectuated in close co-operation with the subprojects A4-1 and A5-2, thus
dlowing a comparison of different rurd and urban settings (precisdy the villages Bougou,
Dendougou, Péébina, Sérou and the town of Djougou). The daly water consumption in
Dendougou was approximate 17 (range 15 - 20) litres per inhabitant.

More complex andlyss of the collected data has to be done to identify the main influendng
factors, including the influences of indigenous medica specidists on hedth concepts and
disease models in different ethnic and gender groups.

Waterborne pathogens in the upper OQuémé-region

Due to a redtricted infrastructure especidly in the countryside of Benin a dationary laboratory
and a mobile unit for the collection and transport of water samples had to be established on
the ground of the Service Regional de |'Hydraulique in Parakou before starting the andysis.
In addition more then 900 easy accessble watering places (wells and surface water) in the
area between Parakou, Djougou and Bassla have been mapped and trandferred into a specid
database. These locations will serve as primary objects for teking the samples. Water-
associated baecteria will be detected by cultivation on specid media and differentiated by
serologicd, biochemicd or gendticd methods, followed by invedtigation of resdgtance
petterns. The andyss of virologicd indicators (Entero-viruses, Norwak-virus, Hepatitis E
virus) combines the pre-andytical concentration of water samples in a trangportable system
with the detection of viruses and vird RNA by cdl culture or polymerase chain reaction,
respectively. For technica reasons some parts of this work has to be performed in the German
laboratories of the project leaders, requiring airway transportation.

Following the successful custom agreement between Germany and Benin in August 2001, the
establishment of the required settings as well as the vdidation of the laboratory methods have
been finished by the end of the year 2001. Meanwhile (15.03.2002) more than 60 water
samples have been taken from different locations in the catchment and andyss is dill
ongoing. Firg line anadyss showed approximatey 1300 isolates of bacterid Species requiring
further differentiation. The relevance of these results will be judged dependant on the loca
epidemologicd  dtuation. Data for this invedigation will be collected by specid
questionnaires during the ethno-medicad collaboration in the subproject AS5. Furthermore
results of the climate observation dudies (subproject Al), hydrologicd and geologicd
examindaions (subproject A2), exploitation of the soil and dynamics of vegetation (subproject
A3), as wdl as data on the regiond development of the population (subproject A4) will be
integrated in the epidemiologicd andyss
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PROJECT B

WATER-BALANCE OF THE DRAA-CATCHMENT AREA AND
SOCIO-ECONOMIC IMPLICATIONS

37



38



Subproject B1

SPATIAL AND TEMPORAL VARIABILITY OF PRECIPITATION
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Abstract:

The principal goals of the meteorological subproject B1 consist of the determination of the
atmospheric branch of the water budget for the Draa catchment and the assessment of the
mechanisms that control regional precipitation/evaporation variability. These objectives are
pursued by a twofold strategy based upon diagnostic and model studies. Both large-scale and
regional-scale influences on precipitation and evaporation are analysed for time-scales from
decades to single events in order to obtain a picture of the physical mechanisms behind
Moroccan precipitation generation and its spatial and temporal variability. It is shown that
precipitation south of the Atlas is to an important part determined by interactions between
extratropical and tropical synoptic systems. The latter are significantly influenced by Atlantic
sea surface temperatures and the North Atlantic Oscillation teleconnection pattern. High
resolution modelling of individual precipitation events gives further insight into the
underlying mechanisms and provides an interface to the estimation of snow ablation in the
High Atlas as an important freshwater source for the Dréa. Plant transpiration and soil
moisture in the Draa valley itself are decisive factors for freshwater loss due to evaporation
and significantly influence regional near-ground atmospheric flow, which can even lead to
modification of the isolated convective showers in the region. The results of the scale-
comprehensive process analysis obtained in B1 will enter the assessment of potential effects
on freshwater availability in the Draa catchment by global and regional changes.

Results:
Diagnoss of mechanisms for precipitation variability in Morocco

Due to its geographicd location between the North Atlantic sorm track and the West African
monsoon region, Morocco recelves precipitation in connection with both extratropica and
tropicd regimes, which have been sepaady invedigated. Extratropicaly  induced
precipitation, that is dominant in winter adong the Atlantic coast, has been investigated by
datigicd andyss on a dimaologicd bass. Mechanisms of tropicdly influenced
precipitation have been dudied with the help of case dtudies of rany episodes in late
summer/early autumn, when paticulaly the semi-arid to arid zones south of the Atlas
mountains receive Sgnificant contributions to their annud rainfal amounts.

Winter time (DJF) precipitation in the north-western parts of Morocco shows a clear
dependence on the postion of the North Atlantic storm track. In months with large
precipitation a southward to south-westward shift of the eastern end of the North Atlantic
gorm track is found, which is accompanied by an enlarged locd cyclone and upper-levd
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trough activity north of Morocco and in the western Mediterranean. Barodlinicity is enhanced
south of 45°N over the Atlantic in these dtuations. Corresponding westerly circulation
westher types lead to an enhanced low-leve moisture trangport from the Atlantic into
Morocco. Since sea level pressure is below norma west of the Iberian Peninsula in high
precipitation months, a large negative corrdation to the North Atlantic Oscillation (NAO) is
found (for a schematic summary see Fig. B1-1a). Winter precipitation in north-east Morocco,
north-west Algeria and south of the Atlas, however, appears to be stronger related to more
localised cyclone activity. A srong low-levd moidure trangport from the Atlantic dong the
southern flank of the Atlas Mountains associated with cyclones west or north-west of
Morocco can be identified as a decisve factor for precipitation south of the Atlas in winter. In
contrast, northreast Morocco and northrwest Algeria is dominated by the influence of
cyclones in the western Mediterranean that are associated with enhanced baroclinicity over
northern Africa and the Mediterranean and that lead to north-westerly moisture trangports into
thisarea

The conddered late summer/early autumn cases dl revea tropica-extratropica interactions
(for a schematic picture see Fig. B1-1b). By trgectory andydss, tropicd convection over
Africa and the Atlantic — partly triggered by African Eagterly Waves - could be identified as
moisture sources for the rainy episodes. The moidure is transported northward, east of the
axis of an upper-leve subtropica trough, that extends anomaoudy deep into the tropics. The
exact podtion and propagation direction of the trough, however, varies between the
consdered cases. In contrast to the extratropicaly induced precipitation regime, most
moigture is trangported a mid-levels, mogtly above the dry Saharan planetary boundary layer.
The moisture converges between 700 and 400 hPa over north-western Africa underneath a
srong upper-level divergence centre, that is probably related to the advection of postive
vorticity ahead of the trough. The resulting dynamicdly forced ascent, in connection with
orogrgphic lifting and surface heeting, triggers convective rainfdls which occur preferably
close to and downwind of the mountain chain. Precipitation intendties are mogsly smdl to
moderate, but some events of more than 20 mm in 12 hours were observed, paticularly if the
tropica air merges with an extratropica front over north-west Africa.

convection . oy .
el Afican iy Wave

Fig. B1-1: Schematic overview of the principal mechanisms for precipitation generation in northwestern Africa:
(a) extratropically induced rainfall (predominantly during the winter half-year) and (b) tropically
induced rainfall (predominantly during late summer/early autumn). For details see explications in the
text.

Improvement of obsarvationa data by remote sensing

As in subproject Al, the lack of ground based rainfdl observations, which are especialy
spase south of the Atlas mountains, is sought to be overcome by the egtablishment of a
satellite based rainfdl monitoring system. The methodology is the same as in ALl. In support
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of identifying remote water vapour source regions for precipitation events in the Atlas region,
saellite data are dso used to derive the evaporation over the sea surface in the tropica
Atlantic and the Mediterranean. The use of sadlite data concentrates upon the derivation of
the basc date variables wind speed, sea surface temperature, and near surface atmospheric
spedfic humidity. Moreover, recently avalable TRMM sadlite data dlows for the firg time
edimates of evgporaion from insrumentation on the same platform. Data from the Visble
Infrared Scanner and the TRMM Microwave Imager have been used to derive monthly
averages of the above mentioned basic date variables and evgporatiion. These new estimates
were compared to older estimates from the HOAPS data set (Grasd et a., 2000). In spite of
severd differences, the HOAPS data et is fairly usable and biases can now be assessed usng
the new estimates from TRMM. At this stage of the project, a time series of 12 years (1987 —
1998) conssting of pentad and monthly averageson a0.5° x 0.5° patid grid is available.

Results of modd studies

Invesigations with the globd climate modd ECHAM4 as pat of the meteorologicad modd
chain within IMPETUS (cf. A1 for an overview) confirm the observationa results depicted
above with respect to influences of the NAO on Moroccan rainfal. In terms of sea surface
temperature (SST), the North Atlantic subtropica and extratropica tripole in SST anomdies,
which is itsdf linked to the NAO, plays a digtinct role in Moroccan precipitation rether than
the tropicd teleconnections. Rising greenhouse gas (GHG) concentrations seem to cause
decreasing rainfdl amount over Northwest Africa which is likdy to be connected with a
pogitive trend in the NAO circulation mode (Peeth et d., 1999). However, the sgna is week
and not consgtent with al conddered climate mode versons.

As observations are especidly sparse over Northwest Africa, the regionad mode REMO (cf.
Al for deails) is run in a long teem climaie mode to supply a decadd ranfal cimatology
from 1991 onward to be used by dl subprojects. Meanwhile, the rainfdl cdimatology covers
amog three years and is in excdlent agreement with the CRU observation data (New et d.,
2000). Future investigations will include a detailed andyss of the relevant synoptic processes
and supply post-processed data sets of important atmospheric variables for al subprojects.
Furthermore, it is intended to force REMO with ECHAM4 scenario smulations to obtain a
vauable database for predicting vegetation changes (cf. B3) and socio-economic implications
(cf. B4).

An improved underdanding of mesoscde features of precipitation events in the vicinity of the
Atlas Mountains is obtained by process studies with the the Lokalmodell (LM) (cf. Al for
detalls). The synoptic scde forcing of cyclonic, frontd and mesoscde convective ranfal
events was invedigaed in detal. The modd smulates the interaction between tropicd
dynamics and midlaitude synoptic phenomena consdently with the observationa results
depicted aove and gives further ingght into the undelying mechanisms For example,
moisture convergence connected with extratropicad fronts crossng the Atlas ridge, which
leads to penetrating convection, usudly causes ran only in the region north of the Atlas
Mountains, unless there is a conveying of moig, tropicad ar from the south-east (see Fig. B1-
2). At present, the cgpability of forecasting thunderstorms is enhanced by using remote
sensng data (from radar network and TRMM sadlite) to improve initid fidds of cloud
water.

In order to supply snow ablation moddling in the High Atlas mountains (cf. B2) with
meteorological forcing by observationd or LM data a computationdly inexpensive coupler
has been desgned, which interpolates atmospheric data to smal scde hydrologicd grids and
calculates surface energy and moidure fluxes (Born, 2001). The meteorological coupler is
tested with IMPETUS climate station network data (cf. B2-2). As a firg result, the influence
of evagporaion on snow ablaion has been found to be on the order of magnitude of the
snowmelt, which is much stronger then in mid-latitude a pine regions.
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Fig. B1-2: The LM case study of a thunderstorm on Aug 25, 2001. Left panel: Conveyor belts with
corresponding heights constructed from 84 h backward tragjectories at 6°W, 31°N. Right panel:
Profiles of specific humidity (i) thunderstorm (white circles), (ii) parcels on backward trajectories 6
hours before (black circles) and (iii) 60 hours before (squares, grey). Right part: differences between
60h backward trajectory-profiles and thunderstorm (curve iii minus curvei). This shows that the
pre-storm moisture maximum in 5-6 km height is clearly of tropical origin.

Investigations with FOOT3DK (cf. Al) focus predominantly on evaporation in the mid and
lower Dréa vdley as an important sink for freshwater. For this purpose, FOOT3DK is nested
into the Lokamoddl (LM). The influence of a flood wave that leads to saturated soils in the
Dréa oadss, the effect of trangpiration of deep rooting plants and the benefit of improved soil
masks on evgporaion and the atmospheric circuation have been tested. The mode reacts
with pronounced sengtivity to dl factors. In paticular, soil moisture and transpiration
changes exert a remarkable influence on the near-ground atmospheric flow that can even lead
to changes in occurrence and efficiency of the isolated moist convective events in the region.
The results underline the need for accurate surface and initid soil moisure data The
corresponding database is currently improved in subprojects B2 and B3. With accurate
surface and soil data, FOOT3DK will be used as a viable tool to caculate area-covering fidds
of evgporation and related meteorologicd quantities on high resolutions up to a few 100 m.
Thisinformation will contribute to an accurate determination of the water budget in the Dréa.
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Abdgtract:

The aim of this project is to analyse and to quantify the climatological, hydrological,
geological, and pedological processes in the investigated arid catchment. Eleven weather
stations were installed at test sites situated along a gradient of aridity and elevation chosen in
close co-operation with the subproject B3. Detailed small scale investigations were carried
out at the test sites in order to gather process knowledge required for developing and
applying hydrological simulation models. Small scale soil mapping is performed and soil
degradation is monitored using erosion pins and sediment traps. The test site concept is the
base for the regional characterisation of the whole catchment necessary for predicting the
effect of global change on the hydrosphere.

In the High Atlas the spatial and temporal dynamic of the snow cover is investigated because
it is the most important water resource for the reservoir at Ouarzazate and therefore for the
middle Draa catchment. The analysis is carried out by combining remote sensing techniques
with field observations. Groundwater quality and quantity is monitored at numerous wells
and springs. These data were combined with information about the isotopes ? 80 und ? 2H
and detailed information concerning the geological structure to quantify the groundwater
reservoir and their temporal dynamic.

Results:

For a detailed description of the weether a the test Sites, deven weether station were instaled.
All dations were equipped
with  sensors  for  ranfdl,
temperature, relative
humidity,  radiation,  wind
veocity, soil matric potentid
blocks etc. Four dations
were additionaly  equipped
with TDR sensors to monitor
the soil water content. Where
possble discharge gauges
were indaled to measure

runoff.
As an example for the
Solrce: GTOPO30 Distance (km) IS and Catogaphy: . of Gaogaphy nct B a0 a]dygs of the weather data
obtaned from the westher

Test sites along transect M'Goun (High Atlas) - Lake Iriki

Elevation (m.a.s.l.)

Tarb Labied

1000

500

Fig. B2-1: Position of the test sites and the weather stations along the
gradient of elevation and aridity 43



Wind direction, wind speed and rainfall, Station EL Miyit 8/2001
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Fig. B2-2: Wind direction, wind speed and rainfall in El Miyit,
August 2001

thunderstorm is apparent.
The determination of the water quantity stored in the snow

dations the wind and ranfdl
dtuation August 2001 a E
Miyit is shown in FHg. B2-2.
The synoptic wind can not be
derived from locd  wind
mesasurements because a smal
scde wind sysem near the soil
suface is vishle Knowledge
concerning these locd  wind
systems ae important  to
understand  rainfall patterns
controlled by luff-lee effects. In
totd 128 mm of ranfdl were
observed in August. Comparing
these data with a near by
ranfdl dation and sadlite
images the importance of locd

cover a the regiond scae can

only be accomplished by usng sadlite images. As an example the cdibrated and geo-

referenced NOAA-AVHRR images were used for testing

different approaches for snow

mapping: Normdised Difference Snow Index, classfication according to the “Pardld piped’
and the “Maximum Likeihood” method. The show maps given in Fg. B2-3 were calculated

congdering the following three steps.
1) Normalised Difference Snow Index (NDSI) > 0 [NDSI

= VIS — MIR / VIS + MIR],

2) channd 5 (TIR) > - 10°C, and 3) channd 2 (NIR) / channd 1 (VIS) <O.
For vdidation a Landsat 7 ETM image was used. Although cdibration of thresholds were
necessary in this procedure the derived maps do show high rdliance. A detailed vdidation of

Flg BZ 3: Snow maps of the High atlas derived from NOAA AVHRR
satellite images recorded winter 1995/96
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the procedure will be possble
by usng data from the westher
daion inddled in the High
Atlas because they ae
equipped with automatic snow
gauges. Numerous soil
temperature data logger were
buied in order to determine
the gpatid and tempord
pattern of the snow cover. For
amulaing the dynamic of the
show cover a modified verson
of the Snowmdt Runoff
Mode (SRM, Martinec et 4.
1998) will be gpplied. Because
SRM is based on the degree
day method, an energy baance
approach actua under
development in  co-operation
with subproject B1 will be
more promisng.



The hydrologica dtudtion in the catchment is characterised by smdl scde vaiability of soil
properties and vegetation coverage. The oils layer is generdly thin, often only a few
centimetres a the hill dopes Infiltration, evaporation, and soil water Storage is strongly
influenced by the high content of stones. While the effect on soil water storage can easily be
determined, the consequences for evgporation and infiltration has to be dudied in detal.
Therefore, an evaporation experiment was started according to the approach of van Wesemadl
et a. (2000). According to these experiments, evaporation rae is 3 to 5 times lower in soils
with a stone coverage compared to pure soils. Furthermore, losses were lowest when the
stones are not isolated a the top but enclosed in the soil matrix. The stone content causes
large problems in determining the infiltration behaviour. Therefore a rainfal smulator was
congtructed (see Fig. B2-4). Although the effort in determining infiltration capecity is high,
the reaults are promising. As an example the runoff measured a the test dte Bou Skour is
given in fig. B2-5. Ponding is reached very fad, the find infiltration rate is dready achieved
after 15 min. In order to characterise the test Stes, hydro-pedologicd mapping is performed
according to the gpproach of Lange (1999). By measuring soil properties for each hydro-
pedotope (soil texture, stone content, infiltration capacity, water holding capacity, etc.) the
important information required by the smulation mode were determined.

The dmulation modd applied in this project is a new deveopment based on the work of
Lange (1999) and Boer (1999). The grid based moded computes soil temperature,
evapotranspiration according to the Penman-Montheith gpproach, soil water dynamics usng a
amplified two layer concept, infiltration by the Hortan gpproach and runoff concentration
with the Mannings formula The modd is actudly tested usng data from the southern test Ste
B Miyit. After successful gpplication to the test dtes the modd will be generalised for
gpplication to larger scales.

For the gpplication of the modd an accurate digitad eevation mode (DEM) is required. For
three of the test dtes DEMs were generated udng a differentid GPS, for the other this will be
performed during the field campaign spring 2002. For larger areas a DEM was derived from
digitised topographica maps.

pump

nozzle

| / min]

area 1 m’

rd
Q

/

pedosphére

1 4 7 10 13 16 19 22

runoff measurement

t [min]
Fig. B2-4: Rainfal simulator used for Fig. B2-5: Measured discharge at the test site Bou
determining infiltration behaviour (nozzle Skour (stone coverage > 80%) Rainfall intensity
Vegjet, Spraying Systems Co.) was 1.5 |/min, ponding occurs after two minutes

Because no soil maps were available for the investigated catchment, a detailed soil mapping
(about 100 soil profiles) was performed. In co-operaion with the hydro-pedologica mapping,
s0il probes were taken aong different soil catenas. Soil type as wel as soil texture, dinity,
organic matter content etc. were determined and stored together with relief properties (dope,
dope length etc) in a database. This database is required for deriving soil-rdief-land use
relationships which will be used for the regiondisation of the soil properties From the fidd
observations the fundamentad relevance of the vegetation for the smdl scde vaiability of
ils is vigble Vegeation acts as a sediment trgp and is therefore important for soil
conservation. At the test site Tichki about 4 | of soil per n were trapped in the vegetation a
the upper sope and about 8 | soil per M a the middle Sope. Because the texture of the
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trapped soil as well as the soil depth differ between vegetation covered and vegetation free
zones the amdl scde spatid variability of soil water and runoff behaviour is closdy linked to
the vegetation dynamics. Therefore, detaled experiments were carried out in close co-
operation with the subproject B3. In addition to the soil mapping soil eroson measures were
inddled a selected dtes. The combinaion of the results from sediment traps, eroson pins
with map of the erosion damage will be the base for the erosion assessment.

The invedigation of the hydrogeology focuses on the upper Dréa catchment in the first phase.
Because only a rough geologicd map is avalable, a detalled geologicd mapping of the test
dtes gStuated in the High Atlas and in the basn of Ouarzazate was peformed. This mapping
at the locd scae results in detalled knowledge concerning the hydrogeologica classfication
of the tes dtes and their rdaed sorings and wdls. As an example, fig. B2-6 shows the
hydrochemicd classfication of the groundwater in the tetste Ameskar, High Atlas, which is
determined by the geologicd gStuation. Some springs are characterised by a distinct mixing of
the general clearly geogene determined water types (e.g. basdt, carbonates). Mixing portions
show a diginct dependence on the hydraulic sSituation. However, the hydrochemica pattern
coud not be used to soldy determine the caichment area of the sorings. Therefore
environmental isotope measurements have been performed in the northern Dréa catchment
area, showing a reasonable correlation of ??H/?20-data with the meteoric water line (Fig. B2-
7 MWL: ?°H = 8 2?80 + 10 %o). Deviations are partly due to enrichments by evaporation
effects. Based on the rare rainwater data available no loca input function for the ?'20- and
?%H-content of the rainwater could be established so far. However, the regular sampling of
ranwater started in autumn 2001. Therefore a determination of the various catchment aress of
the springs will be performed soon.

basalt (Trias) .
Mg  sandstones (Trias)
carbonates
(Lias) + Precipitation
.o
a0~ X N 40 . jvprlllngs
g mixing-" 4o . ells

20\ I‘E‘_-"‘ ooy’ e (9_}\’ 20 * o Surface water

Na+Cl 26 46 L 60 80 SO, i * error
clay-, siltstones Trias
-12,00 -11,00 -10,00 -9,00,4 -8,00 -7,00 -6,00 -5,00
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Fig. B2-6: Triangle diagram of selected springs Fig. B2-7: Analysis of the isotopes of all investigation sites
of thetest site Ameskar of the upper Dréa catchment. MWL = meteoric water line
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Abstract:

Subproject B3 deals with vegetation-based regulating mechanisms which control the regional
water balance. The selected approach is based on the coupled spatio-temporal pattern
analysis, and integrative process oriented methods to assess the regional evapotranspiration.
Finally, research is oriented towards investigations on the technical aspects of water efficient
crop management and sustainable pastoral land use systems.

Results:
Organisationa progress

During the firg project phase, the logistic infrastructure of the subproject B3 was completed.
Ten fencing experiments and 34 permanent monitoring plots (PP) have been established dong
the IMPETUS-Transect. Each permanent plot covers an area of 100 m?. The census units are
Yam?, the data refer to the rooting point of an individua plant.

The florigic exploration of the study area has proceeded successfully. 150 vegetation relevés
were established in the upper and middle Dréa-Catchment. Each plot is geo-referenced and
linked to the GIS of the study area.

In co-operation with ORMVAO, a weighing lysmeter and a climate datiion were inddled a
the oasis of Zagora (Agrir) in order to measure evapotranspiration (ET) in arable lands.

Anayss of spatia patterns in landscape and vegetation

Macro-scale. The spatid didribution of different land use and land cover categories of the
Dréa catchment were derived from LANDSAT-ETM data, by means of a hybrid supervised
classfication. This necesstated the collection of land cover and land use parameters from
representative observation points (eg. vegetation coverage, ~height, ~compostion, spectra
reflectance and edimation of lesf aea index). Linear Spectrd Unmixing, Maximum
Likelyhood and Knowledge Based Classfication were applied to the LANDSAT-ETM-data.
The overdl accurecy of the firgt classfication result is 90 %.

The firgd classfication of the rdevés gives an explicit trisection of the vegetdion, and it's
filiation to three florigic regions in the sudy arear Mediterranean vegetation on the dopes
of the High Atlas, and the northern dopes of the Antiatlas, Irano-Turanian steppes in the
basins, and findly Saharan vegetation units from the Antiatlas down to the Algerian border.
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Micro-scale. At the spaid scde of the test dtes, a dructurd and functiond analysis of
vegetation patterns has been darted. At severd test dtes, vegetation was mapped a an
individual level, usng a transect gpproach with a differentid GPS. An devation modd, with
high resolution has been compiled. Hence, the spatid didtribution and patterns of different
taxa, with regard to their ecologica affinities, could be andysed. This gpproach enables the
transfer of indghts that are acquired from the permanent plots to the landscepe leve.

Anayss of vegetation dynamics

NOAA-AVHRR-data: In order to andyse the seasond dynamics within the vegetation in the
sudy area, daly NOAA-AVHRR data were downloaded from the NOAA Salite Active
Archive (dtarting 01/1999). Usng the software TERASCAN, an automatic processng chan
was developed for the necessary pre-processng of the data, including geo-correction and
cdlibration. Also, the Normdised Difference Vegetation Index was cdculated on a daly bass.
NDV I images are used in order to observe the response of the vegetation to rainfall.
LANDSAT-CORONA-IKONOS In order to cary out a compastive caculation of the
reflectances of LANDSAT-MSS (1974), LANDSAT-TM (1987) and LANDSAT-ETM
(2000) imeges, a radiometric and topographic normalisation had to be gpplied to the data
Ground control points in x, y and z co-ordinates for the geocoding of CORONA and IKONOS
images were recorded by means of a differentid GPS. High resolution digita eevation
models for two test regions were generated out of CORONA stereo data.

The prdiminary results of the land use change sudies show interesting increases in vegetation
in the irrigated areas north, and north-west of Zagora, while in other sections of the Dréa, a
sgnificant decrease in vegetated surfaces could be detected.

Monitoring plots: Parameters recorded for each individud plant ingde the PP comprise:
increese in biomass, frequencies of flowering and fruiting, as well as germinaion and
mortdity. The inventaries of the PP can be mapped a the scade of individuas (Finckh &
Staudinger, in press). They offer the opportunity to detect hardly noticegble long-term
changes, ether due to varying physica conditions, or due to different grazing intendties in
the ten sdected ecosystems of southern Morocco. As vegetaion structure  influences
infiltration, run-off and ET, evaduated data from permanent plots are indispensable in order to
properly mode the regional water balance.

V egetation parameters, controlling the regiond water balance

Measurement of ET: ET measurements are carried out with different combined measurement
sysems. A lesf wetness sensor (RES) was applied for the recording of the diurna
transpiration dynamic of a species The absolute transpiration rates were attained by
cdibrating these date with a porometer (LICOR). This approach will be repested in different
seasons S0 that the seasond transpiration rhythms of each plant species can be documented.
Further informetion on the potentia transpiration, water stress dtuations and the water stress
modulation system of these species will be derived by measuring the actud water potentia
with a Scholander pressure chamber. The ET of dominant plant species and of different crops
that are grown in the Oadis of Zagora are measured at the test Sites of El Miyit and Taoujgalt.
Oasis ET will dso be measured with a weighing lysmeter. It is planned to evaduate the water
consumption of sdected trees and shrubs with aflow meter.

Determination of biomass: Findly, the biomass of dominant plant species was determined in
order to extrgpolate the transpiration rates (gathered from single leaves) from the individud to
the landscape levd. Therefore, the dimensons of randomly sdected individuds were
determined. Subsequently, these plants were harvested. The transpiring and non-transpiring
biomass was separated. For each of the dominating species, a calibrated transpiration-biomass
curve will be caculated. In combination with the vegetation maps of the permanent plots and
the test Sites, the area rdlated transpiration rate of the stands can be determined efficiently.
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Fig. B3-1: Spatial related evapotranspiration

Deveopment of resources management tools

With regard to IMPETUS's am to develop efficient and sustainable resource management
plans, the subproject B3 ams a deveoping concepts for water-saving pastord and
agricutura techniques. Hence, the initia focus has been put on restoration techniques.

Plant establishment with hydrogels. Hydrogels provide a possbility to increase the soil water
dorage capacity and to minimise evgporation. We will try to use hydroges for plant
establishment on eroded soils. This procedure might support the restoration of degraded
rangelands.

At fird, greenhouse experiments with two different polyacrylates (HYSORB,
STOCKOSORB) and one dlicate (BETASOIL) were caried out. Subsequently, field
experiments were dated at two different locations in Morocco. A loca variety of winter
wheat is cultivated a the fidd dation of Agir and experiments with Atriplex halimus are
running. Findly, Citrus limon sgplings are used for a pot experiment with nine replicates.
Prdiminary results indicate that the trestments with polyacrylaie-based hydrogels perform
better under water stress than those with the silicate gd.

Rangeland management: Rangeland degradation due to overgrazing and firewood collection
is the man ecologica problem in these aress. Therefore, as a fird gpproach to quantify
impacts of pastoralism on the vegetation, ten enclosure experiments have been inddled. The
comparison of coupled PP ingde and outside the fenced areas dlows the evauation of grazing
impacts on biomass production and species compogtion. Depending on the results derived
during the firg phase, we will initiate controlled grazing experiments in the next phase in
order to define the carrying capacity of the different ecologicad units.

Perspectives

We are intending to establish stand ET baances a sdected test dtes during the remaning
time of thefirg phase.

The monitoring of the permanent plots has to be continued in order to assess the impacts of
climatic variability and changing land use patterns. A preiminary vegetation mgp of the Dréaa
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cachment will be completed by the end of the firsd project phase. In the second phase,
vegetation classfication and cartography will be refined to a higher resolution, thus, serving
asabassfor gatidly orientated vegetation modeling.

Tempora aspects of long and short-term vegetation changes will be andysed over time and
soace, usng multi-temporal sequences of different remote sendng media. This method will
support the measures to identify the driving forces of degradation and desertification.

Links to other subprojects and research groups

Field experiments are carried out in close co-operation with the loca population. Links have
been established with the Institut Agronomique et Vétérinaire Hassan Il and other Moroccan
research inditutions. We are also co-operating with the projects ROSELT and PBTHA (Projet
de Biodiversité et Transhumance dans le Haut Atlas). The RSRG is co-operating with Prof.
Goossens from the Univerdsty of Gent (Begium) and with Dr. M. Canty (FZ Jilich). Close
contacts exist with the BIOTA-project, especidly, with regard to methodology and technica
co-operation.

Our grong transdisciplinary research link with the socio-economic subproject B4 is based on
determining the long-term demogrephic trend, surviva drategies and economic development
of mobile pastord groups with regard to land use and grazing pressure. These key factors
utimately affect the vegedion dynamics. Currently, in a joint initiative with the GTZ
(Zagora), the human impacts on the Tamarisk foret west of M’Hamid are being investigated
as wdl. Interdisciplinary activities are aso being caried out with the subproject B2, with
regard to aspects of infiltration, run-off and microclimatic conditions.
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Subproject B4

WATER DISTRIBUTION AND WATER CONFLICTS
M. Casimir?, B. Casciarril, H. Kirscht!, C. Rademacher!, M. Réssler!, D. Schliitter?,
nstitut fir Volkerkunde, Universitét zu Kéln, Albertus-Magnus- Platz, D-50923 KéIn
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Keywor ds. water management, water rights, water conflicts, water distribution,
S0ci0-economic development, inditutions, water use, irrigation

Abdgtract:

The aim of the B4 sub-project is to analyse the water distribution and water use in the Draa
valley in Morocco. Local land and water rights have to be identified, described and related to
the power-position of various social groups involved. Social stratification along ethnic,
tribal-agnatic or economic lines is common in most of the communities. Water distribution
often is organised according to this stratification of society, which can be demonstrated in
various settings along the Draa valley. Although local water distribution systems are till
functional in many rural settlements, modern influences like labour migration or tourism
haven altered the traditional water relations in the urban context, but also in some rural
areas. To cover the full range of cultural variations of the water use systems, the research
area of the anthropological work-package was extended. After the first half of the ongoing
research period areas in the middle and upper Dréa valley were included.

Results:

Dynamics of socdo-economic change in waler management anong agricultura and  pastoral
communities in the southern and middle Draavdley

The sedentarisation process and the interplay between nomads and sedentary groups; the
dynamics of tribal institutions; the strategies of domestic groups in water distribution

Ethnologicd fiddwork mainly focuses on the socio-paliticd dynamics of pastord and
sedentary groups in the southern Dréa valey. The access to, the didtribution of, and the
conflict over natura resources - especialy water and land - are anadysed. Three groups are the
object of the inquiry in the Ktawoua region: 1) The “perdsting nomads’ who manly beong
to the Ait Unz& tribe, a sub-fraction of the Ait Atta Berber confederation; 2) The former
nomads who settled in margind quarters of the urban centre of Tagounite snce the mid-70s;
3) The mixed population of Arab-spesking Draoua farmers and Berber-spesking Ait Unz&
pastoraists, who sttle in the ksar Tiraf, in the extreme south-west of Ktaoua Oasis.

In Tiraf, the access to water gill seems to be managed dong traditiond socid and datus
categories. The basic divison remans the one between Draoua and Berbers. This becomes
obvious in: 1) the organisation of the digtribution of drinking water a the collective taps in the
ksar; 2) the linesge-based partition of water rights for irrigation; 3) the limitation of weter
rights concerning wels outsde the cultivated space of the oads, 4) the solidarity networks
based on ethnic, tribd-agnatic or datus identities This perdstence of a wdl-rooted socia
background does not neglect socid mohility, often linked to migration and the spreading of
capitalist [abour relations.
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The importance of locd inditutions in managing the socio-economic life is underlined by two
festures. The “harmonious’, non-contradictory coexistence of nationd “modern” date eected
functionaries and traditiond tribal non-elected representatives in loca administration on one
hand, and the redevance of an interplay between Ait Unz& nomads and the sedentary triba
groups of the Draoua in managing dl daly matters on the other. This is wdl illugrated in the
vitdity of the two tribd assemblies in Tiraf, representing and organisng their respective
groups. In a context of spatid and socio-economic margindity, the exigence of such
autonomy and capacity of “bottomrup” management is paticulally importat as a
counterbalance to state ingdtitutions as the AUEA.

A more quantitative andyss based on demographic and socio-economic data showed a
number of issues and a remarkable flexibility in the didribution of the household tasks to cope
with drought and criss. Nomads and former nomads differ from the established sedentary
population in choosng different economic drategies, nomads being most oriented towards
military service, while the latter are more dtracted by labour migration and invesments in
education. Marriage patterns dso offer an interesting ingght into Strategies of adaptation to
rapid changes and resource scarcity.

Strategies of water acquirement in a village of the middle Draa valley

Fieldwork was done in Blida, a village on the left edge of the Southern wadi Dréa. The work
focused on the socio-politicd life and the locd inditutions in the village as wdl as on the
avalability and didribution of water resources. The village has about 113 households. Its
population conssts of the following five socid groups 1) Ait Isfoul, 2) Draoua, 3) Reggaga,
4) Abid and 5) Chorfa. Life in the village is characterized by strong socid, political and
economical hierarchies. In Blida, the water gStuation of an individud, a resdentid or
descendant group is closdy related to the power-postion occupied in this socio-economic
sructure.

Water in Blida is avaladle in various forms water pumps (wells), water reservoirs matfia,
and river water. Water is distributed according to the local water rights nouba. Having access
to these water-sources depends either on the rigid “local” water law, on the economic power,
or on the socia networks between and within the socid groups. Irrigation water comes mainly
from the Mansour Edhahbi dam. It is digtributed through the “local” candisation, the seguia.
Branches of the seguia that lead to the plots of irrigated fields are named after lineages living
in the village. Farmers who need water for agricultura production but who are not entitled to
nouba rights have only few options. They can either dig a wel and ingtdl a water pump, or
buy water on an hourly bass from other farmers owning a water-pump. The scarcity of the
irrigetion water necesdtates the co-operaion of socid groups, or urges individuas to seek a
patror/client relationship. Because of the sdinity of most wdls, drinking water for amog dl
the socia groups is provided by the dam. In some cases, the water of wells having the best
water quality is aso used as drinking water.

To participate in decison-making processes dl socid and descendant groups are represented
in the gabila. The postion of sheikh, which is nowadays a governmental postion, has dways
been held by members of the same descendants group. Decisons related to water are mostly
made by these locd inditutions, dthough the AUEA was officidly creasted by the government
to manage and control water distribution.

Recently the research area has been extended to include another oasis north of the aress
aready <udied. In the pam grove of Tinzuline, anthropologica research focuses on the
household economy of the mixed population. In addition, the influence of date or paratate
organisations on loca water digtribution systemsis being studied.
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Urban and rural water users
Changes of water management in the upper Dréaa valley

Different inditutions and adminidrative bodies are involved with the water management in
Ouarzazate. Conflicts between water users and these inditutions can be observed on severd
levels:

On the large scde, growing competition between urban and rurd water use is visble. Due to
the population growth and the urban development, the demand for drinking water is rapidly
increesng in Ouarzazate. The water of the dam Mansour Ed Dahbi, which should supply
water for irrigation in the lower Dréa-Vdley, is usad to satisfy the urban needs. Although the
water consumption for urban purposes is rather low, compared to the annua evaporation, after
long dry periods, the water of the dam Mansour Ed Dahbi gets scarce. The actud Stuation in
the fourth dry year in sequence, is marked by the absence of irrigation water for annua
cultures like maize, henna and lucerne. The irrigation campaigns could only support the
permanent cultures like date- and amond tress and recharge the groundwate.

On the smdl scale a difference in the access to, and the qudlity of the drinking water supply in
Ouarzazate is evident. In the traditiond rurd quarters of the town not dl households have
access to the public water supply. In two rurd quarters at the eastern outskirts access is
resricted to two hours a day. The drinking water qudity declines during the dry season in the
aress north of the riverbed. The quality is congtantly good in the areas south of the oued. The
people react on the poor water quaity during the dry season by looking for better drinking
water facilities on the other riversde or at springs or wells.

The poor water qudity in the dry season results from the absence of a sewage plant for the
waste-water of the city. The waste-water is used without trestment for irrigation by the
farmers downstream, who have their fields near the outlet on the northern river terrace. The
loca water supply authority ONEP is an inditution with an autonomous budget. After the
condruction of the trestment plant and the high running codts for the filtration, the authority
was forced to expand their digtribution net and to sdl as much water as possble. The
economic use of water is not their mgor interest, but the balance of the budget. For private
households and the adminidration, the water price is increased with a growing consumption.
The mgor consumer - the industrid sector - has afixed price.

In the region of Ouarzazate not only the water use and the water distribution has changed, as a
result of the socio-economic development, but adso the symbolic vaue of water as a scarce
and precious element. Water is now consdered as a modern, commercia good, which can be
bought, sold and wasted.

Changes of water management in the upper Dréavalley
Conflicts and modes of regulation in the Higher Atlas Mountains

In this work package water digtribution systems were andysed and related to arisng conflicts
and their modes of regulaion in the context of socid and politicadl upheavas. The research
area is located a the foot of the Taskka Zat mountains and is inhabited by severd fractions of
the Tdili, a Berber group. The intensfied cash crop production together with Sgnificant
investments of migrant workers led to an increese of socid differentiaion in rurd
communities and an dteration of the traditiond water didribution sysems. Besde the, at least
temporary, shortage of water, the introduction of motor pumps enabled an intendfication of
irrigated farming independent of the traditional weter digtribution system.

Mogt conflicts in the rura communities arose from the problems associated with the supply of
drinking water. The congruction of reservoirs and pipdines exhaugted the financid means of
many communities and damaged the village solidarity. Fractions of the rurad population with
access to financiad support from migrant workers, build houses with modern sanitary
inddlations consuming much more water, than an average household. Although prices for
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drinking water are graduated - higher consumption means higher cost per m# - the feding of
inequaity or injustice perssted. In addition, dl the expensive resarvoirs could not guarantee a
continuous water supply. The increase in population, besde the high water consumption of
some eaborated household, created arapidly risng demand in drinking water.

The dedine in avalable water dso affects the agricultural sector. As a consequence
cultivation of summer crops such as maize and potatoes did not take place in the last years.
Agan, the falure of summer crops did not affect dl households in the same way. While
households with access to money from migratory workers could compensate the loss,
members of poorer families were forced to work as day labourers of the fidds of large
landowners. In years with low rainfal, when the demand for farm labour was low, the
pressure to migrate outwards was high.

In order to examine the dgnificance of these findings, a second research area west of
Toundout in the Imidirt valey was chosen. Current research focuses on the impact of the
regiond adminidration of Ghasset and Toundout on the loca political actors. Moreover,
anthropological research about bcad knowledge systems is carried out in the vicinity of some
botanical rescarch aress. These dudies am a comparing scientific and loca concepts of
knowledge about natura resources.
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