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INTRODUCTION

1.1 Background to IFEDA

The International Satellite Land Surface Climatology Project
({ISLSCP) has three major objectives:

Improvement of the usefulness of satellite data for
global climatic studies

Organization of field experiments to investigate the
interaction between land surfaces, atmosphere and
vegetation

Production of data sets at a scale applicable to
global climatic modelling.

A key feature is the integration of physical processes observed
at a vary lozal scale to establish effective land surface-
atmosphere interactions at the scale of general circulation
models. The primary approach to these objectives is through the
organization of collaborative field experiments which include
intensive periods of satellite, airborne and field measurements.

The First ISLSCP Field Experiment (FIFE) is taking place in
Kansas. Four Intensive Field Campaigns (IFCs) were held in 1987.

Although not formally related to ISLSCP, the Hydrolegical
Atmospheric Pilot EXperiment (HAPEX) set up in South-West France
shares the objective of refining the representation of ground-
atmosphere interactions in general circulation models. This
experiment started in 1986.

A European/African Task Group (EATAG) was established in 1985 to
provide a framework for ISLSCP-related activities in Europe and
Africa. At the initiative of the World Meteorological
Organization (WMO), a meeting has been called to assess the
relevance to the World Climate Research Programme (WCRP) of
proposals for IFEDA - an ISLSCP Field Experiment in
Desertification-threatened Areas. TwWo possible venues have been
proposed: a site in South-East Spain and a site in South-West
Niger.

1.2 Request for hydrological assessment

On behalf of WCRP, Prof. Morel commissioned the UK Institute of
Hydrology to prepare a hydrological assessment of the proposed
study areas. Dr Reed was subsequently appointed as principal

reporter. The scope of, and schedule for, the review were agreed
in November 1988.

1.3 Scope of review

The primary objective of the assessment is to ensure that the
siting of IFEDA takes due account of the known hydrological
characteristics of the regions. A secondary outcome is the
provision of summary information and reference lists - for both

the South-East Spain and South-West Niger study proposals -
within a single document.
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The review had to be compiled rclatively swiftly and the brief
3id not permit field inspection of sites within the proposed
study areas. With the full coopecration of many organizations, it
has nevertheless bcen possible to assemble much information and
to present this in a reasonably systematic fashion. It is hoped
that in due course this review will stimulate further, more

comprehensive, reporting of the hydrology of the sclected IFEDA
study area.

1.4 Structure of report

The proposed study areas in South-East Spain and South-West Niger
are reviewed separately, through duplicate mini-reports. The
final section of the main report (Section 9) reviews the
suitapility of the study areas and draws attention to some of
their contrasting features.
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Z. PRE-EXISTING PROPOSALS

2.1 Lead organization

The lead organization is the University of Valencia (UV), with
Prof. Melia the principal contact. In collaboration with
colleagues within the University - and with the Instituto
Nacional Meteorologia (INM) - he is preparing a formal proposal
to WCRP for IFEDA to be held in South-East Spain.

2.2 Possible sites

Earlier in 1988, it was suggested that a 10km x 10km field
experiment might be held in a semi-arid area of South-East Spain.
Possible sites were visited in June 1988 by a group of scientists
collaborating in European ISLSCP research.

In the weeks preceding our visit, it was suggested to Prof. Melia
- principally by Prof. Bolle - that a much larger field
experiment was required if the proposal were to be within the
terms of reference of WCRP research. The Spanish group were asked
to identify a 50km x 50km or, ideally, a 100km x 100km study area
that was both desertification-threatened and reasonably
homogeneous {so that local irregularities would not add to
problems of reconciling experimental results obtained at
different scales).

Such an area was identified by Prof., Melia's group on the day of
our arrival in Spain. It is a 100km x 100km area in the province
of Castilla-la-Mancha, centred approximately 130km southeast of
Madrid (see Fig. 5.1, Section 5).

3. ORGANIZATIONS VISITED

3.1 Programme

Dr Reed and Dr Bromley had four working days in Spain. The first

day was spent in discussion with Prof. Melia's group, the second

in visiting related research organizations in Valencia. The third
and fourth days were spent in Madrid, visiting a range of mainly

national organizations.

The meetings had three objectives. The first was to introduce the
concept of IFEDA, where this was not already known. The second
aim was to gain an impression of the nature of research
undertaken by the organization and its possible relevance to
IFEDA. The third, and most important, objective was to secure the
information necessary to an appraisal of the hydrology of the
proposed study area.

Appendix 1 lists the organizations visited and people met.

3.2 Univ. of valencia, Faculty of Physical Sciences

Prof. Me;ia hcads the Thermodynamics Department, which includes
both basic research on thermal processes (inc. evaporation)
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and a Remote Sensing {(or Teledetection) Unit.

The Remote Sensing Unit is using METEOSAT, NOAA, LANDSAT and SPOT
data in a range of studies. Ernesto Lopez has used METEQOSAT
visual channel {qualitative) data to lock at surface reflectance
{albedo). The minimum reflectance in images gathered over a ten
day period showed the proposed study area (see Section 5) to be
notably homogeneous in terms of surface albedo. Ampara Gilabert
is using LANDSAT data to map crop types: for example, citrus
orchards. Another application has successfully distingquished
types of rice. Vicente Caselles is a prelific researcher who has
published on a range of topics, including the spectral signature
{ LANDSAT images) of frost-affected citrus crops, frost
forecasting, atmospheric correction of LANDSAT images, and
estimation of evapotranspiration using satellite temperature and
albedo images.

The Unit uses a PERICOLOR 1000 image-processing system with
built-in software, and some PCs.

Under Prof. Melia, the Remote Sensing Unit has established close
links with many other researchers who use teledetection for a
range of applications, principally within the Valencia province.
Prof. Melia is also president of a National Remote Sensing Group
which publishes proceedings of its annual symposia, the second of
which was held in Valencia in December 1987.

3.3 National Meteorological Institute (INM}

We did not meet Alberto Lines (who had attended the Spanish
group's planning meeting) but met instead regional
representatives, Luis Sanchez and Francisco Andres. INM publishes
climate station data in a standard form; there are reasonably
long records for several stations in the study area (see
Subsection 6.2).

INM is part of the Transport, Communications and Tourism
Ministry. The Spanish group suggest that the most intensive
experimental periods scheduled for Apr/May and Aug/Sep be
postponed from 1992 to 1993. This is because INM will be heavily
committed in 1992 in connection with the Olympic Games
(Barcelona) and the World Trade Fair (Seville).

3.4 University of Valencia (UV), other faculties

As in many other countries, hydrology in Spain is studied by many
different disciplines in a range of institutional settings. The
geographers and soil scientists at UV are concentrated on an
older campus just east of the city. The work on soil
classification and mapping undertaken in the Pharmacy Faculty was
particularly impressive. Using aerial photography and detailed
sampling of some 20 so0il characteristics they have produced a
number of thematic maps of the Valencia province, for example
showing land capability, erosion risk, as well as maps of
lithology and soil types. They would be well able to apply
similar techniques to produce an improved soil map for the study
area, and expressed an interest in doing so.
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3.5 CSIC Unit of Desertification, Valencila

Consejo Superior de Investigaciones Cientificas (CSIC) is the
national scientific research council and has many research
institutes. The Unit of Desertification has worked very closely
with the soil scientists in the Pharmacy Faculty {(see Subsection
3.4) in the preparation of the thematic maps for the Valencia
province. Much of the physical, chemical and simulated rainfall
analyses of soil samples are undertaken in this laboratory. D.

Rubio spoke further of the integrated cartographic database being
assembled for the Valencia province.

D. Rubio also collaborates in a number of international projects,
their focus being improved understanding, mapping and land
management with particular regard to erosion. He cited
afforestation as an example of land use that was not always
working well in Spain.

That much erosion research has been concentrated along the
Mediterranean coastal provinces (especially Valencia and Murcia)
reflects the particular problems in this zone. While some of this
is related to topography (steep slopes) and soil and vegetation
types, a key factor is the incidence of intense storms. These
arise as warm, moist air arriving from the Mediterranean is
forced upwards when it meets the main Iberian plateau.

D. Rubio expressed only moderate interest in joining a project in
which erosion was possibly a secondary topic. We were given the
impression that a prior approach (Prof. Bolle to CSIC
headquarters, Madrid ?) had backfired in some way.

His participation in existing international projects (LICC,
LUCDEME and the CEC so0il erosion model project) make him well
placed to advise on aspects of these soil erosion projects that
may be complementary to IFEDA. He is the Spanish representative
to a CEC committee (programme DG6 - Science R&D).

3.6 CSIC Institute of Edafology and Vegetal Biology, Madrid

This Institute also works in soil science, with more emphasis on
agronomy than on erosion and desertification per se. D.
Labrandero and colleagues have experience in applying remote
sensing data, partly in collaboration with IGME.

3.7 National Geological Institute (formerly IGME), Madrid

Instituto Tecnologico Geominera de Espana (IGTE) is the national
organization concerned with geological survey and research. It
publishes a wide range of high quality geological and
hydrogeological information, referenced under IGTE's former IGME
name (Instituto Geologico y Minero de Espana)

The Institute is using remote sensing techniques in a number of
applications. Of particular relevance to IFEDA is their joint
work with CSIC (see Subsection 3.6) in detecting irrigated
subareas and crop types in La Mancha.
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We met Da. Ascuncion Riaza who, with Da. Carmen Antonh, has many
years experience in remote sensing applications. They collaborate
with the CSIC erosion unit in Murcia, the University of Murcia,
the French geological research institute BRGM, and others, in
studies of soil erosion potential in the Adra valley in Almeria.
IGME also have cooperative links with remote sensing scientists
in the USA (New Orleans) and the UK (Southampton, Reading and
Bristol universities}).

IGME have undertaken hydrogeological studies in many parts of
Spain. Of particular interest is the work of Vicente Fabregat,
who has studied the hydrogeclogy of Castilla-la-Mancha generally,
and the three main aquifers in the study area in particular.

3.8 Geological Service, Madrid

Servicio Geologico is the hydrogeological arm of MOPU, the
Ministry of Public Works and Urbanization. It deals with
groundwater resource and supply problems encountered in regions
throughout Spain. The organization has published a series of
hydrogeological reports dealing with the Llanura-Manchega region
of Castilla-la-Mancha. This corresponds with the central and
southern parts of the proposed IFEDA study area. Servicio
Geologico's consulting role allows little scope for research but
their detailed reporting of the hydrogeoclogy of much of the study
area is of considerable relevance (see Subsection 6.5).

3.9 University Complutense, Madrid

The Geodynamics Department in the Geological Sciences Faculty
undertakes hydrogeological research, in part in the proposed
IFEDA study area. Da. Zazo has researched the geomorphology of La
Mancha, including a study of Quaternary climatic change. Prof.
Llamas is a widely published groundwater authority who also has
experience of the La Mancha region. Two recent publications
concern the impact of falling groundwater levels on the wetlands
close to the south western edge of the study area (the Tablas de
Daimiel national park).

3.10 Centre of Hydrological Studies, Madrid

The primary role of this organization appears to be to collate,
vet and publish data from river gauging stations in the naticnal
network. Annual or biennial reports are produced for individual
hydrographic basins; tables give daily flows and some summary
statistics (eg. mean annual rainfall and runoff for a 25-year
standard period). The reports are produced several years 1in
arrears but we understand that the database held on computer is
reasonably up-to-date. Many of the stations do not have
limnigraphs; the daily flows in such cases are presumably
calculated from one or two water level observations only. The
basins relevant to the proposed study area are the Guadiana and

the Jucar. In its lower reaches, the Guadiana passes through
South-East Portugal.
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3J.11 Hydrographic Confedcration for the Guadiana

Because of language difficulties we were unable to establish the

precise role of Spanish hydrographic confederations. Clearly they
are responsible for flow gauging. They drew our attention to the

Servicio Geologico hydrogeological studies in Castilla-la-Mancha

but not to any specific hydrological studies.

3.12 Ministry of Agriculture, Fisheries and Food {MAPA)

We visited the MAPA publications department, obtaining copies of
very detailed land use maps (and monographs) for much of the
study area. We also obtained copies of recent reports which
characterize the provincial agroclimate for Ciudad Real and
Toledo. The equivalent reports for Cuenca and Albacete provinces
are understood to be in preparation.

3.13 Nature Conservation Council (ICONA}

ICONA is the part of MAPA dealing with nature conservation. This
includes national parks and forestry. Manuel Tuero explained the
partnership of central and regional governments in dealing with
environmental problems that do not readily conform to
administrative boundaries. He confirmed that erosion is a high
priority topic in Spain; central government now bears more than
50% of the costs of schemes undertaken regionally. He suggested
that the proposed IFEDA project be drawn to the attention of the
autonomous government of Castilla-la-Mancha. He did not draw our
attention to any specific hydrological information but gave us a
copy of the recently published report and maps dealing with
erosion and erosion risk in the Jucar basin. An equivalent
publication for the Guadiana basin is in preparation.

We also obtained detailed maps of forestry potential, and certain
other thematic maps, from the ICONA publications department.

4. OTHER RELEVANT ORGANIZATIONS

Within a period of only four days it was not practical to contact
all organizations in Spain that might have an interest in IFEDA
or might be a source of information about the hydrology of the
study area. Appendix 2 lists several organizations that we
believe may be relevant.

5. DEFINITION OF STUDY AREA

The study site proposed by Prof. Melia's group is a 100km x 100km
area in Castilla-la-Mancha, approximately 130km south-east of
Madrid (see Fig. 5.1). This choice gave us some difficulty.

Preparatory work for our visit to Spain had assumed that the
Spanish proposal would be to site the experiment south-east of
Albacete, in the general region visited in June 1988 by the group
of European scientists (Section 1), Because of its 200km distance
from Valencia, it was impractical to visit Castilla-la-Mancha
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Figure 5.1
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with Prof. Mellia. We chose to spend what time we had available in
Spain in visiting as many relevant organizations as possible
rather than attempting to visit the site independently.

The Spanish group chose the site for the following reasons:

* It is of the general size indicated by WCRP.

The area is vulnerable to climatic change. It is a
region of mainly dryland arable farming, with wheat and
sunflowers the major crops. Some irrigation takes place
but is not extensive.

The topography is relatively flat and uniform,
averaging 600 to 700m in elevation. The few hills
within the area are of low relief and of no significant
climatic consequence.

* Precipitation has a strongly seasonal character.

* Mountain chains surround the area at a distance but
their influence on weather patterns is thought to be
relatively minor. Those to the north-east have a
pronounced local effect on the climatology;
however,this is not a dominant direction from which
weather systems approach Castilla-la-Mancha.

- Communications in the area are generally good.

Our assessment does not differ radically. The characteristics of
the study area (detailed in Section 6) appear to be as
homogeneous as might reasonably be found in a 100km x 100km
region in Spain.

However, it seems sensible to us that the study area be adjusted
slightly to conform better to hydrometric boundaries. Thus we
recommend the revised study area also shown in Fig. 5.1. In terms
of longitude and latitude, the area is that between 2~ 11' and

37 11' W (of Greenwich meridian} and 38~ 55' and 40" S5' N.

6. CHARACTERISTICS OF STUDY AREA

6.1 Regional context

The proposed study area (see Fig. 6.1) is approximately 86km E/W
by 130km N/S. It falls entirely within the Communidades del
Castilla-~la-Mancha. This autonomous region is the third largest
in Spain (79,226 sq.km.) and comprises five provinces:
Guadalajara, Cuenca, Albacete, Ciudad Real and Toledo. The 11,280
sq.km. study area includes parts of four of these provinces: 55%
falling in Cuenca, 20% in Albacete, 17% in Ciudad Real and 8% in
Toledo.

From Fig. 6.1 it is seen that there are no major towns in the
area, but many smaller communities of which Socuellamos,
Tomelloso and Vilarrobledo are the largest. The average
population density of the study area is about 15 habitants/sq.km.

The centroid of the study area is between the communities of

Belmgnte and Las Pedroneras in the south-west corner of cCuenca
province. The provincial capitals of Cuenca, Albacete, Ciudad
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Figure 6.1
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Recal and Toledo are respectively 80km NE, 90km SE, 120km wsw and
120km WNW. Madriqd is :139km NW and valencia 200km E.

Access to the study area is generally good. The area is
transected by the Madrid/Valencia national highway {route II1I),
the parallel Ocana/Albaccte highway (route 301), and the roughly
perpendicular Cuenca/Ciudad Real highway (route 420). The
southern part of the area is served by railway stations at
Socuellamos and Villarrobledo. Madrid airport hosts a full range
of international flights. Aircraft for IFEDA remote sensing
activities might fly from Albaccte airport.

6.2 Topography and climate

The study area is part of the central plateau of Spain (the
Meseta: typical altitude 500 to 1,000m). The topography reflects
the geclegical nistsory of the study area {Subsection 6.4). It is
a relatively flat plain bounded by mountains to the north, east
and south. Most of the study area drains west to the Rio Guadiana
but a small part drains east to the Rio Jucar (see Fig. 6.2). The
lowest point is about 630m, where the Rio Zancara leaves the
area. Most of the area is below 900m in altitude but small parts
in the south and northeast exceed 1100m.

The study area has a moderately warm, dry Mediterranean climate
but with continental characteristics, notably large diurnal and
annual temperature ranges. Cloudless conditions prevail for much
of the summer leading to high temperatures but the effect of
altitude can give rise to very low temperatures in winter,
especially with airstreams from eastern Europe. This is
exemplified by a very wide temperature range: the difference
between January and July long-term mean monthly temperatures is
typically about 20 "C in La Mancha.

An INM report lists long-term climate data for 12 sites in the
study area. The most central are those at Belmonte and Las
Pedrcneras (Fig. 6.2 and Table 6.1).

TABLE 6.1 Climatic variable Mean annual value (1941-70)
Belmonte Las Pedroneras

(750 m) {704 m)

Temperature 13.8 'C 13.8 °C

Potential evaporation 771 mm 759 mm

Precipitation 439 mm 373 mm

Mean annual rainfall is little more than 400 mm in much of the
study area, making La Mancha one of the driest regions in Europe.
Precipitation is seasonal, with lower depths in Summer (June-
~4Jua3Ti &nL aign year-to-year variability (see Table 6.2). Thus
the periods of highest temperature and lowest rainfall coincide.

The INM report (Almarza, 1984) makes soil moisture calculations
assuming a 100mm storage. For the study area, the model indicates
that, on average, soil moisture begins to accumulate in late
October, reaches saturation in February, begins to deplete in
mid-April and is exhausted in late June. Thus late February,
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Figure 6.2
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March and early April is the typical period of moisture excess,
while July, August, September and October are the typical months
of drought.

The climate is a little less severe in the north-east of the
study area, towards Cuenca city. Here the altitude and average
rainfall are rather higher and average temperatures a little
lower; thus a slightly longer period of moisture excess and a
slightly shorter period of drought are typical.

Monthly climate data are included in the hydrometric yearbooks
for selected sites. For example, monthly mean, minimum and
maximum air temperatures, tank evaporation measurements and daily
wet and dry bulb tempeartures are published in the yearbooks for
the Jucar basin, for a major reservoir (Embalse de Alarcon} on
the ENE fringe of the study area.

More comprehensive summaries of climatic data are presented in
recently published agroclimatic reports for Ciudad Real and
Toledo provinces (MAPA, 1988). These reports evaluate the
agricultural potential and limitations of the various provinces
with respect to a wide range of crop types. Similar reports for
Cuenca and Albacete are in preparation. Extracts of information
follow for two climate stations in the study area.

TABLE 6.2 Climatic wvariable Long-term mean value
Socuellamos Vvillaneuva de
Alcardete
(674 m) (725 m)
Temperature 14.0 "C 14.3 "C
Minimum temperature 7.9 °C 7.2 °C
Maximum temperature 20.2 "C 21.5 "¢
Seasonal temperature
Winter 5.6 C 6.3 "C
Spring 12.0 °C 13.0 C
Summer 23.8 °C 23.3 “C
Autumn 14.6 C 14,7 "¢
Seagsonal min. temp.
Winter 1.2 °C 0.4 “C
Spring 5.9 °C 5.8 °C
Summer 15.8 "C 14.9 “C
Autumn 8.5 'C 7.9 C
ETP {evapotransp. pot.) 779 mm 785 mm
Seasonal ETP
Winter 34 mm 38 mm
Spring 149 mm 164 mm
Summer 425 mm 413 mm
Autumn 171 mm 170 mm
Precipitation 551 mm 480 mm
Seasonal rainfall
Winter 164 mm 140 mm
Spring 172 mm 153 mm
Summer 71 mm 61 mm
Autumn 145 mm 127 mm
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6.3 Soils and land use

Much work appears to have been done on the classification and
mapping of soils in Spain, in addition to the current research by
CSIC and the University of Valencia, referred to in Subsections
3.4 to 3.6.

A 1:1,000,000 soil map is available in several forms. It is
convenient to refer to that prescented as Sheet 5 of the Soil Map
of the European Communities (CEC, 1985). The dominant seils in
the study area are Calcic Cambisols, with some Gleyic Cambisols
in the lower central and western parts. Some Gleyic Solonchaks
occur in wetland areas adjacent to the main river system, with
smaller tracts of Orthic Luvisols occurring in valley bottoms
higher up the drainage system. There are a few areas of Chromo-
Calcic Luvisols in the slightly wetter highlands on the socuthern
and eastern margins of the study area. The classification follows
that used in the 1:5,000,000 FAO/Unesco Soil Map of the World
(FACG/Unesco, 1974).

The source map used in preparation of the CEC map is the
1:1,000,000 soil map of Spain (CSIC, 1966) and is reproduced, for
example, as part of the ICONA maps of vegetation (ICONA, 1987).
This is shown in Fig. 6.3. '

The 1:400,000 maps of natural vegetation produced by ICONA place
most of the study area in the Manchegan and Aragonese Meso-
Mediterranean series, with roundleaved or perennial oak.

Of greater insight are the very detailed maps of cultivations
prepared by MAPA. These 1:50,000 maps are reasonably up-to-date
and the accompanying monographs present a comprehensive
description of the agriculture of the study area, and related
factors.

We have studied monographs for about half of the 24 maps covering
the study area; these deal with the central and lower central
parts. The monographs indicate the following proportions of land
use: 5% irrigated, 40% intensive cultivation, 39% vineyards, 3%
forestry, 10% scrub & pasture, and 3% unproductive. Spatial
trends in the above are for scrub & pasture to the south,
irrigation to the south-west, and forestry to the east.

6.4 Geology

Centred in the headwaters of the Guadiana basin, the study area
occupies the socutheastern part of a sedimentary basin preserving
strata of Tertiary and Quaternary age. The basin, roughly
circular, covers about 30,000 sq km and is centred on the
scttlement of Tarancon, on the northern edge of the study area.
The basin is encircled by rugged highlands of Mezozeoic Dolomites
to the east and Palaeozoic intrusives and metamorphics to the
west (see Fig. 6.4).

Tertiary beds crop out in much of the study area although older

strata are exposed in places, principally in the south where the
Jurassic dolomites appear but also within many small scattered
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Figure 6.4
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inliers which expose dolomites and sandstones of Jurassic and
Cretaceous age.

The dolomite outcrop in the south is karstic. The remaining

Jurassic and Cretaceous outcrops are mainly a series of narrow
inliers driven up along a number of north-south oriented thrust
planes in the northwestern and eastern parts of the study area.

Most of the study area is underlain by flat-lying Tertiary
sediment of Palaeocene to Pliocene age. Younger Pliocene and
Miocene beds are concentrated in the west and south of the area,

whilst clder Oligocene and Palaeocene formations are restricted
to the north and west.

Lithology is complex but overwhelmingly calcareous in nature.
Generally the Palaeocene and Oligocene tend to be the more
argillaceous, with gypsum, clays and marls dominating. These
formations are classed as semi-permeable.

In contrast, the Miocene and Pliccene successions are dominated
by limestones and sands, with marls and clays subordinate.
Commonly the limestones are kKarstic. These two formations provide
the most important aquifers in the study area.

6.5 Hydrogeology

The study area incorporates five recognized aquifers (Fig. 6.5
and Table 6.3).

TABLE 6.3 Aquifer systems

Unit Location Composition

19 Altomeira Cretaceous and Jurassic dolomites &
limestones

20 N. la Mancha Miocene and Pliocene limestones, marly
limestones & sands

23 W. la Mancha Miocene limestones, marly limestones,

marls, Pliocene limestones, piedmont
deposits, soils & volcanics

24 Campo del Montiel Jurassic and Cretaceous dolomites &
limestones
18 E. la Mancha Similar succession to no. 23, but drains

east to Jucar basin

Unassigned parts of the study area are considered to be largely
impermeable with no significant aquifer present.

Detailed descriptions of the aquifer systems are provided in
Servicio Geologico and IGME reports and maps. The central system,
agquifer no. 23, 1is especially well researched.

Known as the western La Mancha aquifer, this system coincides
with about a third of the study area. Permeable formations are
the Upper Miocene limestones and the overlying Pliocene-
Quartenary succession of sands, gravels and piedmont deposits.
These form an unconfined aquifer which crops out over the entire
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aquifer system area.

The base of the aquifer is defined by Lower and Middle Wiocene
beds, a semi-permeable sequence of clays, marls and gypsum. The
composite Quaternary-Tertiary succession averages 100m in thickness.

Recharge to the system is from river infiltration, rainfall and
groundwater flow from the adjacent Jurassic and Cretaceous
aquifers lying to the south. In places the limestones are
karstic, with sink holes carrying rivers and streams underground.
In some signicant instances, notably on the Guadiana close to
Tomelloso, some modification has been attempted through
channelization works.

Groundwater elevations range from 690m at the Zangara-Rus
confluence to about 630m at the western limit of the study area.
Borehole data for the period 1974 to 1987 demonstrate a serious
progressive decline in groundwater levels throughout the system. A
long-term rate of depletion of 1.1 m/year is typical, with some
parts having experienced a fall of more than 20m in 14 years.

This serious situation has resulted from over-abstraction of
groundwater resources for crop irrigation.

Until recent decades, La Mancha was predominantly a dryland
farming area. However, exploitation of groundwater resources for
irrigation has increased greatly and some 20% of the area of
aquifer system no. 23 has been given over to intensive;, irrigated
agriculture. The resultant long-term depletion in groundwater

levels highlights the criticality of water resources in much of
the study area.

Neighbouring aquifer systems have experienced less dramatic
declines in groundwater levels and these may in part be
attributable to climatic effects rather than over-abstraction.
There is little doubt that the region would be acutely vulnerable
to a shift in climate towards higher mean temperatures and/or
lower mean rainfalls.

6.6 River flows

The study area is principally drained by tributaries of the Rio
Guadiana, notably the Ciguela, Zancara and Corcoles. Small parts
of the eastern fringe of the area drain to the Jucar basin. As
indicated in Fig. 6.3, the area includes several river gauging
stations belonging to the national network. Summary information
for five of these is given in Table 6.4.
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TABLE 6.4 Gauged catchments
River Gauging Basin 1lst Mean Mean Mean Max. Date
station area year annual annual daily daily of
r'fall runoff flow flow max.
sq.km. mm mm m3s-1 m3s-1

Guadiana basin

Ciguela Quintanar 995 1921 507 33 1.05 39.7 4/3/78
Zancara El Provencio 906 1923 507 37 1.08 29.7 21/3/72
Corcoles Castellones 92 1923 456 71 0.19 11.3 6/1/70
Zancara Cervera 5506 1953 484 12 2.47 42.2 17/2/79
Jucar basin

Marimota Belmontejo 187 1978 9.4 31/5/79

Some of the gauging stations record river level continuously but
other data appear to be based on daily observation. The semi-arid
nature of much of the study area is confirmed by the very low
percentage of runoff in the upper Guadiana basin. Even main
rivers such as the Zancara dry up in some summers. The Corcoles
has negligible flows for much of most years, periods of
significant runoff occurring relatively infrequently. The low
runoff characteristics reflect both the strong influence of the
hydrogeology of the area (permeable soils and underlying strata),
as well as the climatic regime.

These data indicate that over-exploitation of groundwater in

western La Mancha in recent decades has not had a pronounced

effect on main river flows. Flow records for the Ciguela and

Zancara indicate some long-term fluctuations over the last 70
vyears, with 1943 to 1959 very much drier than other periods.

Presumably these fluctuations are of climatic origin.

The north-eastern corner of the study area is notably less arid.
The Marimota catchment thus provides something of a contrast to
typical La Mancha conditions. Draining to the Embalse de Alarcon
- one of the ten largest reservoirs in Spain - it may be of
interest in studies of water resource implications of land use
and/or climatic change. Compared to the Manchegan catchments, the
Marimota has a relatively swift response to heavy rainfall, with
peak instantaneous flows many times greater than peak daily
flows. In the time available, we were unable to verify either the
quality of flow records or the availability of flood analyses.

Given the range of organizations interested in water resource and
agricultural problems in La Mancha, it would seem likely that
some experimental (ie. research) catchments already exist in the
study area. However, we have no specific details.

6.7 Water quality

Servicio Geologico and IGME reports document several water
quality paramecters for the main aquifer systems in the study
area. It is interesting to note that, throughout much of aquifer

system no. 23, Nitrate (NO3) levels exceed 20 mg/l and, in
places, 50 mg/1.
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. PRE-EXISTING RESEARCH INITIATIVES

some exXisting research initiatives in Spain and Europe may have
rclevance to the IFEDA project. Several of these concern erosion,
specifically erosion by water and its consequences for land use
capability.

Lucha contra la desertificacion en cl Mediterraneo (LUCDEME)
fight against desertification in the Mediterranean - is a
naticaal and international project with the objectives of
studying desertification processes and developing policies and
techniques to fight the problem. ICONA is the arm of Spanish
government under which the project resides although CSIC appear
to contribute much of the scientific initiatives.

The LICC project involves biologists and soil scientists from the
Netherlands; it is concerned with soil erosion and the impact of
climatic change.

The CEC funds an international research project seeking to develop
a European model for soil erosion prediction. CSIC collaborate
with soil scientists from the University of Leuven (Belgium)

and Silsoe College (UK).

LEARN is a European network of scientific and technical
cooperation concerned with water management in the alluvial
valleys of large rivers. One of its themes is the study of
interactions between river channel and wetland systems.

BRE is a network of European researchers concerned with the
collection and analysis of data from representative basins.

Some coordination of national research on remote sensing
applications is achieved through a working group (el Grupo de
Trabajo en Teledeteccion - GTT) with members drawn from

un. 'ersitizas and national research organizations. The group
arranges symposia; the December 1987 meeting was held at the
University of Valencia while that in October 1989 will be hosted
by the Instituto Tecnologico Geominero de Espana in Madrid. CSIC
and the Instituto Nacional de Tecnica Aeroespacial also
participate.

8. DISCUSSION & RECOMMENDATIONS

8.1 Choice of study area

The choice of a study area in Castilla-la-Mancha has much merit.
The region has serious water resource problems. Agriculture is no
more than marginal; the low, and highly seasonal, rainfall
severaiy Iimiti iz2nd use and, in many years, agricultural
production. Where irrigation is possible it is highly effective.
However, the long-term effect of lncreased abstractions for crop
irrigation has been to lower groundwater levels dangerously,
leading to quantity, quality and environmental problems in
natural wetlands. One example is the Lagunas de Ruidera National
Park in the southwest corner of the study area. That remote
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sensing techniques have been used to detect areas of illegal
irrigation is a symbol of the critical state, and importance, of
water resource management in La Mancha.

as such, does not experience the most serious erosion and
desertification problems that are found, for example, in Almeria.
However, this is not seen as a disadvantage. Locating IFEDA in La
Mancha will meet the requirement for a relatively large,
climatologically homogeneous, area - and will complement existing
research initiatives, which are largely concentrated in the
coastal strip.

The study area is remote from the southeastern coastal strip and, i

The Spanish group led by Prof. Melia suggested a 100km x 100km
study area. We recommend that this be modified to the 86km x
130km area shown in Fig. 6.1. The latter choice conforms better
to hydrometric catchment boundaries.

While communications to this study area appear generally good, the
logic of coordinating the project from Valencia is less clear.
Several groups of researchers in Valencia, notably those
concerned with thermodynamics, remote sensing, soil mapping and
desertification studies have much to contribute to IFEDA.
However, the remoteness of Valencia from the study area is less
than ideal. Had the present study area been selected at the
outset, it seems likely that the project would have been
coordinated from a national organization based in Madrid, through
a regional organization in Castilla-la-Mancha, or by the
University of Valencia establishing an outpost in the region
(perhaps in the offices of a collaborating organization).

8.2 Preparatory studies

The need for some preparatory studies prior to the main IFEDA
observational periods was recognized in WCRP's conception of
IFEDA. Further items of preparatory work have been proposed by
the Spanish group led by Prof. Melia. Rather than review these
suggestions, we merely add a few additional ones.

Although soil mapping in Spain appears to be generally well
advanced, we believe that work undertaken by CSIC in
collaboration with the University of Valencia is producing very
much better information for the Valencia province. We recommend
that consideration be given to similarly detailed soil mapping of
the study area.

A comprehensive hydrological survey of the study area does not
exist in a single document. There is ample information available
in perhaps a dozen Spanish reports but, prior to an international
project, it would be valuable to pull this together in a more
complete form than has been possible in our report, ideally
producing versions in Spanish and English. The survey would
identify key data series in the study area and might usefully
include some additional standard analyses to quantify the
regional water balance and flow regime.
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Such a survey, perhaps by a national organization such as CSIC,
might also serve to integrate hydrological research in Castilla-
la-Mancha prior to the main field experiment phase of IFEDA. The
survey would include site visits to the study area and might
usefully assist in planning the deployment of instrumentation,
both for the main field experiments and for further preparatory
studies.

8.3 Acknowledgement

Finally, we record that the organizations visited demonstrated a
high degree of technical competence and, in many cases, showed
considerable enthusiasm for the national and international
collaboration that IFEDA is generating.
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APPENDIX 1: ORGANIZATIONS VISITED

Universidad de Valencia:

Unidad de Investigacion de Teledeteccion, Dpt. Termologia,
Facultat de Ciencias Fisicas

Prof. Joaquin Melia (Miralles)

D. Ernesto Lopez (Baeza)

D. Vicente Caselles (Miralles)

Ma. Ampara Gilabert (Navarro)
Unidad de Investigacion de Teledeteccion
Dpt. Termologia
Facultat de Ciencias Fisicas
Univ. Valencia
Dr. Moliner, 50
46100 Burjassot

6-3630011

Dpt. de Geografia, Facultat de Geog. e Historia
Prof. VvV H Rossello
Ma. Maria Jose Lopez (Garcia)
D. Adolfo Calvo (Cases)

Dpt. Geografia

Facultat de Geog. e Historia

Univ. Valencia

Ap. 22060

Avda. Blasco Ibanez, 28

46080 Valencia
6-3696100

Soils Unit, Dept. of Vegetal Biology, Faculty of Pharmacy
Prof. Juan Sanchez (Diaz)
Prof. Jorge Battle (Sales)

Unidad Dolente Edafologia

Dpt. de Bioclogia Vegetal

Facultat de Farmacia

Univ. Valencia

Avda. Blasco Ibanez, 13

46010 Valencia
6-36501358

Ministerio de Transportes, Turismo y Comunicaciones

Instituto Nacional de Meteorologia (INM)
D. Alberto Lines (Escardo) - DID NOT MEET
Suddirector General de
Climatologia y Aplicaciones
Ministerio de Transportes, Turismo y Comunicaciones
Instituto Nacional de Meteorologia
Apartado 285
Madrid

Also

SPAIN 25




—

N

D. Luls V Sanchez (Muniosguren)
Jefe del Centro
Metecorologico Zonal de Murcia
Avda. de la Libertad
30107 Guadalupe
6-8834404

Also

D. Francisco Andres (Pons)
Insituto Nacional de Meteorologia
Explanada de Espana, 14
Alicante

6-5208652

Consejo Superior de Investigaciones Cientificas (CSIC)
Instituto de Agroquimica y Tecnologia de Alimentos
Valencia Unidad de Desertificacion

D. Jose Luis Rubio (Delgado)
Jefe de Unidad de Estudios sobre Desertizacion
Jaime Roig, 11
46010 Valencia

6-3690800

Instituto de Edafologia y Biologia Vegetal
D. Jose Luis Labrandero (Sanz)

CSIC

Serrano, 115 {or 15657?)

28006 Madrid
1-2625020 x229

Instituto Tecnologico Geominero de Espana {ITGE)
[formerly Instituto Geologia y Minero de Espana (IGME) ]
Da. Carmen Anton (Pacheco} - DID NOT MEET
Da. Asuncion Riaza
D. Vicente Fabregat - DID NOT MEET
Instituto Tecnologico Geominero de Espana
Rios Rosas, 23
28003 Madrid
1-4416500 {AR is x251 or xZ211)

Universidad Complutense, Madrid
Dpt. de Geodinamica
Prof. M R Llamas - DID NOT MEET
Da. C Zazoc - DID NOT MEET
D. Javier de Pedraza
Catedra de Geodinamica
Facultad de Ciencias Geologicas
Universidad Complutense de Madrid
28040 Madrid
1-4490060
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Ministerio de Obras Publicas y Urbanismo (MOPU)

Centro de Estudios Hidrologicos
D. Jose Ramon (Temez)
Jefe del Sector de Hidrologie
Centro de Estudios Hidrologicos
Paseo bajo de la Virgen del Puerto, 3
28005 Madrid
1-2656800 x213

Servicio Geologico
Bernando Lopez-Comacho (y Camacho)
D. Fernando Anguita (Bartolome)
Servicio Geologico
Avienda de Portugal, 81
28071 Madrid

Confederacion Hidrografica del Guadiana
Comisario de ? - DID NOT RECORD NAME
D. Manuel Barzaga (7?) - DID NOT MEET
Paseo de la Castellana, 16

Madrid
1-4313010
Also
D. Domingo Rubio (Caja) - DID NOT MEET

Comisario de Aguas
Confederacion Hidrografica del Guadiana
Edificio de Servicios Multiples
C. Tinte
Ciudad Real
2-6211352 or 6212303

Ministerio de Agricultura, Pesca y Alimentacion (MAPA)

Instituto Naciocnal para la Conservacion de la Naturaleza (ICONA)

D. Manuel Tuero
Jefe del Servicio de Hidrologia
ICONA
Gran Via San Francisco, 35
28005 Madrid
1-2653554
(Same address for ICONA Publicaciones)

Secretaria General Tecnica
Servicio de Publicaciones Agrarias
Paseo de Infanta Isabel, 1

Madrid
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Billiton Espanada S.A.
D. David Hopgood
Billiton Espanola S.A.
Burguiltlo, 17
28004 Madrid
1-5214741

APPENDIX 2 : OTHER POSSIBLY RELEVANT ORGANIZATIONS

Instituto Geografico Nacional (IGN)
D. Enrique Cabero (Sec. Teledeteccion)
D. Rodolfo Nunez de las Cuevas (Cartography Unit)
Instituto Geografico Nacional
Genaral Ibanez de Ibero, 3
28003 Madrid
1-2333800

Instituto Nacional de Tecnica Aeroespacial
If this is same as INIA, an address is:

INIA Seccion de proceso de datos

Carretera Coruha, km 7

28040 Madrid

Univ. Politecnica Valencia

D. Juan Marco
Escuela T S de Ingenieros de Caminos
Univ. Politecnica de Vvalencia
Camino de Vera
46071 Valencia

Servicio Forestal y de Conservacion de la Naturaleza
D. Jaime Vesgas (Terron)
Jefe del Servicio Forestal y de Conservacion de la Naturaleza
Pl. San Vicente, 6
45001 Toledo
2-5222162 or 5222158

Junta de Comunidades de Castilla - la Mancha
Palacio de Fuensalida

Plaza del Conde, 2

45002 Toledo
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4. PRE-EXISTING PROPOSALS

2.1 Lead organization

‘The lead organization is ORSTOM, the French Scientific Research
Institute for Development in Cooperation., ORSTOM have very wide
experience in agricultural and hydrological studies in tropical
countries, not least in French-speaking West Africa. Dr Hoepffner
1s preparing a formal proposal to WCRP for IFEDA to be located in
South-West Niger.

2.2 Possible sites

In cooperation with the Niger Meteorological Service, ORSTOM have
initiated EPSAT: a project aimed at developing improved estimates
of precipitation by combining raingauge, satellite and radar
observations. The site of the experiment is a 100 km x 100 km
area just east of Niamey {(see Fig. 5.1). Some sixty rain
recorders commenced operation in 1988, with a further 20 stations
planned for installation in 1989. The network of recorders has
been designed to yield rainfall information at a range of spatial
and temporal scales.

It has been suggested that a HAPEX or ISLSCP experiment might be
colocated with EPSAT. The region has a severe climate, with low
and unreliable rainfall, marginal land use, and a high risk of
desertification. It would therefore appear to be a natural
candidate for IFEDA.

3. OQRGANIZATIOQNS VISITED

3.1 Programme

The schedule for the hydrological assessment did not permit a
visit to Niger. Dr Reed had four working days at the ORSTOM
laboratory in Montpellier, gathering information about the
hydrological characteristics of the study area and discussing
EPSAT. Certain references, notably Dubreuil (1986) and Brunet-
Moret et al {1986), have helped to piece together a description
of the study area; however, the hydrological assessment is
inevitably rather basic.

3.2 ORSTOM

ORSTOM 1s a French national scientific and technical research
institute, sponsored by the Ministry of Research and the Ministry
responsible for Cooperation and Development. The Institute
specializes in research in tropical environments, with teams
active in more than 40 countries.

Hydrology within ORSTOM is centred at the Montpellier Laboratory
under the direction of Dr Pouvard and Dr Jaccon. Fields of
activity include the design, installation and management of
remote measuring networks (eg. rainfall, c¢limate, water level and
water quality), the acquisition, management, and publication of
hydroclimatological data, and the development and application of

NIGER 1
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deterministic and stochastic hydrological models. Some contact
information is given in Appendix 1.

The main theme of the existing EPSAT project is the measurement
and analysis of rainfall. In addition to the project leader (M.
Hoepffner), the team includes an experienced analyst (T. Lebel),
and a fieldwork coordinator in Niamey (M. le Barbe). Three
postgraduate researchers have recently been appointed to the
EPSAT project: V. Thauvin (analysing raingauge data), Y. Arnaud
(analysing satellite data) and C. Roux (to study raingauge and
radar data). The project also draws on ORSTOM's more general
experience of hydrological investigations in West African
countries, including: fieldwork, database development,
statistical analysis and satellite telemetry systems.

ORSTOM's considerable experience in applying remote sensing
techniques in the region is summarized by Poncet (1986) and
further illustrated in the hydrological study of la Mare d'Oursi
{Chevallier et al, 1988).

4. OTHER RELEVANT ORGANIZATIONS

ORSTOM works closely with the Niger meteorological service. The
latter produce climatological summaries, published by the Comite
Interafricain d‘'Etudes Hydrauliques (CIEH). There are, of course,
other relevant national organizations, for example the Institut
National de Recherches Agronomiques du Niger (INRAN].

ORSTOM collaborates with a range of French research organizations
who also work in West Africa. Of particular relevance are those
specializing in hydrogeology, agronomy and remote sensing.
Hydrogeology is studied by the Bureau de Recherches Geoclogiques
et Minieres (BRGM). Organizations carrying out agricultural
research in Niger include the centre for Cooperation
Internationale en Recherche Agronomique pour le Developpement
(CIRAD), the Institute de Recherches Agronomiques Tropicales
(IRAT) and the Institute National de la Recherche Agronomigue
{INRA). All these organizations make use of remote sensing
techniques, often in collaboration with the Centre National

d'Etudes Spatiales (CNES). Some contact information is given in
Appendix 2.

A number of major international projects are already based in, or
near, Niamey (see Section 7).

5. DEFINITION OF STUDY AREA

The EPSAT study area is defined by the network of raingauges (Fig.

6.1} Some of these gauges lie along the boundary of the study area and
it might therefore be said to represent an area slightly bigger

than the 100km x 100km square shown on Fig. S5.1.

ORSTOM has installed additional raingauges just west of the study

area to prov@de further integration with existing international
research projects (see Section 7). It might therefore be possible

NIGER 2




ity |

[T 37] »u-:w....- !
Lrepunog
. swyne )
Aiepunoq (1RUOjIEN
ww|yeuie.
I1BNUUR UBON " = (D wm
- 10A11 RJRWoOYdy "’ - 00T o0t °
9] wy
lwwiitejuies jenuug usaIw uones Guibneg 'y
a 4iim eBneBuley o @
Wv puaban
- — ‘- ﬁ
w . T !
v T T ¥ 10 -
N 2t Y ', T L.y 998 ee08delg BWINODH U EPed  gladnoy ooo...
[ —""~00 M ozoe “ 598,
16 o ’
1 nonoy® . . ces noBnopebeny
1] .
L . _ . .
e ..‘rh: e Vieuduey oom/
Y/ f
..I!.loo.N o -7 _“ Ju SiL
..\\\ n__ ._. $49 ] 1 [T M s
e ossogl fop = gpuebog %
: ; . 0069 4
: u .ﬂ 1 i m_o%x snobnoy S
. T h
- 1
——— ' |
y 009 u_..“ou:mmvnmo_.a\ “ -.h -vv ‘g pL =
1 cee L eslY ’, ) . 00
..“... . 0ss N \\r\lll- Y I..Lno Q8% Loy 1409 , .Q -
Y Y W & -
—N ¥l 00S 1 Py : MII s Om Gv:_e v 08S$, “oqilg
0 ’ . . ' & oes !
, ; 'y /N o8y :
~ - 7 t 184y . !/ S8Y q Aieqeqi] . )
{ jenBuj|g AUB(IND . &=
/ I 8 )
% e Iy s_ 2 BIND,P IO ©7 ’ o
” .
=" ; "» f t .u./ : n_ Omall_
Fi \ . -
° oov p; Jh s- | y . P ﬂ
S6E / v _ ' cee? - T8
¢noye]) / (I _. ! i . uequey
- ll-.ln.- 1 -
T T A\ 005 52%s
.alau.aaﬁunl-.-oco.oco \ /
P ————— [
Q0¢ VL 00t
o \\.\\_ ———— eNRUSW
N.\\ \\ Re IIIIOhﬂ oBuosuy == 00f wmu
NP n “ LN
\.A-\\\ | - LIRY
- Zow— S - M2
0 :
3,8 o 0
mom_w woq o ] 1

NIGER 3

\\
| 000000 OOGOOEO O



-

g

for some IFEDA experiments to be carried out in the subsidiary
area, permitting continuity and coordination with existing
projects. However, the assessment that follows refers primarily
to the characteristics of the EPSAT study area.

6. CHARACTERISTICS OF STUDY AREA

6.1 Regiocnal context

The study arca is situated in South-West Niger, just east of the
capital, Niamey. The communities of Hamdallaye, Dantiandou, Kolo,
Balevara and Dosso are in or adjacent to the study area. The most
intensively monitored site is about 60km due east of Niamey (see
Fig. 6.1). Closeness to Niamey makes for relatively easy access
to the study area, with flights from Niamey airport. The
Niamey/Dosso highway (Route National 1) crosses the south-west
part of the study area.

6.2 Topography and climate

The study area lies mainly to the north-east of the River Niger
and to the west of the Dalleol Bosso ephemeral river system (see
Fig. 6.1). The area is relatively flat with only minor
undulations. The altitude range is between about 200 and 300m,
although the topography is only poorly defined by the 40m
contours shown on the Institut Geographique National (IGN)
1:200,000 map series. The study area lies on the Niamey ND-31-IX
sheet. According to Poncet (1986), aerial photography in 1963
provides images of much of the study area at 1:60,000 scale, with
limited portions close to the Dallol Bosso photographed in more
detail in 1973.

The study area has a Sahelian climate. Precise definitions vary;
a simple one is those semi-arid regions of West Africa which
experience a mean annual rainfall of between 300 and 800mm. The
isohyets in Fig. 5.1, redrawn from ORSTOM's Hydrological
Monograph of the River Niger (Brunet-Moret et al, 1986), indicate
that the study area has a mean annual rainfall of 500mm in the
north to 650mm in the south.

The East/West alignment of isohyets exemplifies the dominant 1link
between climate and latitude. While the climate {and water
balance, land use and vegetation) of the study area differ
radically to those of the sub-desertic regions to the north and
the tropical regions to the south, a corollary is that an east-
west transfer of information is possible. Thus, studies of
catchments such as the Dargol at Kakassi, la Mare d'Oursi and the
Galmi are of interest, although only the Galmi 1 catchment
appears to have comparable soils and gecology.

Daily rainfall records of 40 years or more are available for
Niamey (two sites), Kolo, Say, and Dosso. Somewhat shorter

records are available for Yeni and Birni-Gaoure in the south-
east.

Rainfall is highly seasonal. Records for Kolo indicate that the

NIGER 4
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S5-month perijiod November to March is invariably rainless, with
October and April generally very dry also. The rainy season
extends for 2 to 4 months, with the biggest falls typically in
July or August.

An analysis of 35 years of record for Kolo (1940 to 1978,
omitting incomplete records for 1941-3 and 1976) yields a mean
annual rainfall of 582mm and a coefficient of variaticn of 0.29.
With regard to storm rainfall, the mean annual maximum 1l-day
rainfall for Kolo is 63mm, with a coefficient of variation of
0.33. Neither the annual totals nor the maximum 1l-day rainfalls
show a long-term trend over the period 1940 to 1978, although
some Year-to-year persistence 1is evident. However, other evidence
indicates that there has been a shift in climate in the Sahelian
region, with lower rainfall totals in the last twenty years
leading to drought conditions (Hubert and Carbonnel, 1987).

In comparison to North-West Europe, climatic conditions in Niger
are relatively favourable for rainfall observation by radar, with
few "bright-band" and anomalous propagation problems. A 5cm C-
band radar at Niamey provides such measurements and, from 1989,
data archiving will be possible. Preliminary results from the
EPSAT project confirm that rainfall occurs principally from
intense storm cells passing over the area. These tend to be
arranged in squall lines with considerable variability between
cells. Squall velocities of 50 km/hr have been observed. Research
by ORSTOM and others (eg. University of Reading, UK) has met with
some success in relating rainfall depths to duration of
satellite-sensed cold cloud-top cover. A typical storm duration
(at a point) is 1 or 2 hours, with much of the rain concentrated
in a 5 to 20 minute pericd when intensities often exceed 100
mm/h. Bouvier presents depth duration freuency curves for point
rainfall estimation at Niamey.

Long-term climatic data are available for Niamey. Brunet-Moret et
al (1986) quote a mean temperature of 28.9 "C from data for 1944-
1954. However, climatic data for Niamey may not be fully
representative of the study area because of the proximity to the
River Niger.

More detailed information is given in Chevallier et al (1985) for
a site in the Oursi experimental catchment in neighbouring
Burkino Faso. La Mare d'Oursi is a lake fed by runoff from a
closed catchment area. The mean temperature from data for 1977-
1983 is 29.3 "C, only a little higher than at Niamey. Mean daily
minimum temperature at Oursi is 21.8 "C, with a seasonal minimum
of 15.1 "C in January. Mean daily maximum temperature is 35.9 °C,
with a seasonal maximum of 40.8 "C in May; there is a second
maximum of 38.6 "C in October. The lowest and highest
temperatures recorded in the seven years of record are 7.6 C on
26 December 1977 and 45.7 "C on 8 May 1983.

Chevallier et al quote a mean daily relative humidity of 34%,
with a seasonal range from 17.5% in March to 62.5% in August.
Mean wind speeds are highest in June and July (4.1 m/s), with the
dominant direction in these months being from the south-west.
Mean wind speeds are lower outside the rainy season, the dominant

NIGER 6
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direction in October to April being from the east.

Mean potential evapotranspiration calculated by the Penman
formula is 7.87 mm/day (for an albedo of 0.15), with a seasonal
range from 6.17 mm/day in December to 9.42 mm/day in May.
Chevallier et al also report monthly mean actual evaporation
rates from the lake; these are generally somewhat lower than the
Penman estimates.

6.3 Soils and land use

The study area has red-brown soils, classed as '"ferruginous
tropical soils, unleached or slightly leached" (see Fig. 6.2). A
subclassification quoted by Gavaud (1977) distinguishes red soils
and armoured soils within the study area but Brunet-Moret et al
(1986) indicate that, away from the valley bottoms, the soils are
heavily armoured and of low permeability. Collinet (1988)
presents tables of physical and chemical properties of
ferruginous tropical soils, by reference to the Galmi 1
experimental catchment.

Under the FAO/Unesco 1:5,000,000 soil map of the world
classification, the soils are Luvic Arenosols (ie. showing
lamellae of clay accumulations) with associated Eutric Reqgosols.

Land cover in the study area comprises savannah, "tiger bush",
and some cultivated areas. The "tiger bush" is so-called because
0f the stripey appearance from the air. It consists of regular
alternating bands of dense bush and bare, almost white, soils.
Typically the bush width is about 40m, with a 60 to 80m gap
between the stripes; thus it can be detected by LANDSAT or SPQT
imagery. The tiger bush lands are too degraded for cultivation,
being used as permanent pasture for grazing and exploited for
firewood. As in the savannah, overgrazing and low rainfall can
lead to further degradation and, ultimately, desertification.
Bush fires prescnt a hazard.

Parts of the study area support some agriculture, a typical crop
being millet. The crops are often planted in the troughs of the
undulating landscape, thus benefitting from such runoff as
occurs. Some irrigated crops are grown immediately adjacent to
the River Niger and in the lower reaches of the Dallol Bosso.

Away from the Dallols (see Subsection 6.5), trees occur only
sporadically, the acacia and baobab being typical. These can
tolerate long periods of drought and survive even where the
groundwater level is as much as 35m below the surface. There is a
substantial area of managed woodland in the south-west corner of
the study area, close to the River Niger.

6.4 Geology

The study area is part of a sedimentary basin with tertiary
sandstones of continental origin (see Fig. 6.3). They are of
Oligocene-Miocene age. It seems that the region has been mapped

only at 1:500,000 scale; however, it is thought to be relatively
homogenecus.

NIGER 7
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Figure 6.2 Soils
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Figure 6.3 Geology
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The reiactive uniformity of the soils is attributable to the
mineralogical homogeneity and the strong evolution of the
material. The topographic landscape is rather more variable,
because of the different degrees of mechanical resistance
according tc surface slop=2.

6.5 Hydrogeology

The hydrogeology of the study arca does not appear to nave obeen
mapped in detail but further reference to the Bureau de
Recherches Geologigques et Minieres (BRGM) is required to confirm
this. According to Dubreuil (1986), a '"planning map of

water resources'" is available at 1:1,000,000 scale. An adjacent
area to the south-west (just south-west of the River Niger) was
investigated by Barrat and Puyoo (1984) in connection with the
siting of village boreholes. Their report indicates a groundwater
iewe] typicalliy 1im peiow the surface in the iptake area. But
the succession of soils and geology is different, with laterites
occurring frequencly.

It appears that within the study area the groundwater level is
typically about 30m below the surface. It is an important aquirfer
much used for watering cattle; however, its recharge is thought
to be of purely local origin. According to Brunet-Moret et al
{1986), the mode of recharge is as follows. Seasonal runoff
occurs in heavy storms, travels over or close to the surface and
rezches the main drainage paths. There the soils are less
armoureqd, and cthe tertiary sandstones more exposed, leading to
rapid infiltration of much of the flood runoff.

6.5 River flows

The area is bounded by "Dallols" to the west and east. Dallols
are ancient left-bank tributaries of the Niger, which drained
large parts of the Sahara in milder climatic periods. Nowadays
trie ballicls are large, wide valleys with much siltation. That to
the east is the Dallol Bosso which, theoretically, has an immense
catchment, connecting with the Azaouak and stretching north into
the Sahara. In practice the Dallols flow only seasonally,
receiving runoff from only a fraction of their theoretical
catchment. There is no regular baseflow, despite the dominance of
sandstones; the region receives too little rainfall,
Nevertheless, floods occur and can have a significant impact,
destroving crops and disrupting communications.

River flows 1in the study area occur only in the rainy seascn and
are short-lived. Many parts of the study area consist of closed
hollows, which receive runoff from a relatively small zone. In
tnese cases the runcoff never reaches a major watercourse but
eitier inflliltraves or is ponded and evaporates.

Potential drainagec routes are difficult to determine from the
1:2¢0,900 scale map &val.aple IOr the STuCy area. Eowever, there
are significant catchment outlets towards the south-east corner
of the study area (to the Dallol Bosso) and along the western
edge of the area (to the Kori de Ouallam).

NIGER 10




|
” © 0 © © 0 0 000 000000000 00000660000 00000606090

L

The Kori de oOuallam has recently been gauged close to the Route
National ! crossing (see Fig. 6.1). The theoretical catchment
extends as far north as the Mali border but, in practice, the
effective gcatchment is much smaller. A number of small
catchments, some partly urbanized, have been gauged previously in
Niamey, and have been analysed, particularly with respect to
floods (Bouvier).

Over the years, ORSTOM have set up a network of representative
basins in West Africa, some of which have been catalogued by
Dubreuil (1972). A detailed hydrological analysis of the Oursi
experimental catchments (see Fig. 5.1) is presented by Chevallier
et al (1988). While the climate is similar to that of the study
area, the soils are not. This also appecars to be the case for the
larger Tera and Dalgol gauged catchments also shown on Fig. 5.1.

The experimental catchment having soils and geology most
analogous to the study area is possibly Galmi 1, approximately
350 km to the east. This is one of a number of sites for which
Collinet reports very detailed studies of soil properties and
infiltration. He studied percentage runoff rates using a rainfall
simulator, obtaining values of about 80% runoff for a small plot.
Rodier {1982) reports an analysis of mean annual rainfall and
runoff for the catchment, quoting percentage annual runoff values
of 22 to 41% for four years of record. It appears that this
refers to an area of 29.2 sqg.km.

Galmi 1 is at the head of the 45 sg.km. Galmi 4 catchment.
Rainfall-runoff analysis of flood events drawn from eight years
of record indicates a very flashy response to rainfall.

6.7 Water quality

From the little information seen, it appears that groundwater
quality is generally good within about 30km of the River Niger;
at greater distances, the degree of mineralization increases.

It is known that minor drainage paths within the study area are
frequently modified by so0il erosion in heavy storms. When
significant runoff occurs, the watercourses presumably experience
high sediment loads.

7. PRE-EXISTING RESEARCH INITIATIVES

ICRISAT is the International Crops Research Institute for the
Semi-Arid Tropics. A number of major investigations are sited at
the ICRISAT Sahelian Centre (ISC). This 1s situated just south-
west of the River Niger, close to Say. The ISC serves as an
African regional centre for the improvement of crops. For
example, there are major programmes concerned with pearl millet
breeding, sorghum improvement and groundnut impraovement. A
further I1SC objective is to identify the constraints on
agricultural development in the Sahelian zone and to evaluate
means of alleviating them.

A small project based at the ISC - and of particular relevance to

NIGER 11
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IFEDA objectives - 1s the Sahelian Energy Balance EXperiment.
SEBEX is obtaining direct measurements of available energy,
evaporation and sensible heat flux from three contrasting
Sahelian land uses. These are: well managed savannah, savannah
denuded of much of its vegetation (due to over-grazing and/or low
rainfall) and agricultural land used for growing millet. The
objective of SEBEX is to determine the sensitivity of the encrgy
balance to changes in vegetation. Clearly the vegetation types
being studied bear some similarity to those found in parts of the
proposed IFEDA study area.

The AGRHYMET programme is concerned with the acquisition of
meteorological and other data throughout North Africa, and is
also based in Niamey.

HYDRONIGER is concerned with the forecasting of flows and water
quality throughout thr River Niger. French research organizations
play a major rele in the project. ORSTOM are responsible for the
development and operation of the telemetry system, which is
satellite based. SOGREAH Consulting Engineers have developed
models for flow and water quality modelling. The HYDRONIGER
International Forecasting Centre is sited at Niamey.

8. DISCUSSION & RECOMMENDATIONS

8.1 Choice of study area

It seems logical that the area already being investigated in the
EPSAT rainfall project could realistically be adopted as a
suitable study area for IFEDA. The area appears to be reasonably
homogeneous in terms of climate, topography, soils, geology, and
land use. The extreme south-west of the study probably

experiences slightly different conditions due to the presence of
the River Niger.

The proximity of the study area to Niamey, and. to existing
international projects (eg. ICRISAT, AGRHYMET and HYDRONIGER},
should be favourable to further international collaboration. The
soils and geoclogy of the study area are, however, thought to be
somewhat different to those at the ICRISAT Sahelian Centre.

8.2 Preparatory studies

It is clearly advantageous that much of the existing information
about the hydrology of the region is held by a single
organization, ORSTOM. The need for some preparatory studies prior
to the main IFEDA observational periods will presumably be A
recognized in the proposal put to WCRP by Dr. Hoepffner.

While much is known about the general climatology of the region,
the level of specific information about the study area is fairly
limited. It would be helpful if mare comprechensive mapping coud
be undertaken, of the topography, soils, geclogy, natural
vegetation and land use. Thematic maps at 1:200,000 scale would

be most useful; a topographic survey to 1:50,000 scale is also
desirable.
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It is understood that ORSTOM propose to cstablish a number of
experimental catchments in the study area, to complement the
impressive raingauge (and climate station) nctwork installed in
EPSAT. Catchment studles are a particular themc of HAPEX-type
energy balance experiments.

ORSTOM already make available a number of reports about their
catchment experiments in South-West Niger and some of these are
undoubtedly of relevance to an understanding of the hydrology of
the study area. However, it might be helpful if this experience
and data could be gathered in a single document - possibly with
French and English versions - to make it readily accessible to
researchers collaborating in IFEDA.

Clecarly the paucity of long-term river flow data in the study
area is a weakness. Given the severe and unreliable character of
the Sahelian <liimate, 1t will be important to interpret IFEDA
results with reference to long-term climatic conditions. This
historical perspective will presumably be provided by an analysis
of rainfall and temperature data. However, a long-term flow or
groundwater level record in or close to the study area would be a
valuable adjunct, if such a record can be found.
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APPENDIX 1 ORGANIZATION VISITED

Institut Francalis de Recherche Scientifique pour le Developpement
en Cooperation (ORSTOM)

Dr. Jacques Claude - director of Montpellier centre

Dr. Gilbert Jaccon - research director

DY. Bernard Pouyard - director of contincntal water dept.
Dr. Frederic Moniod - vice-president of scientific

commission on hydrology and soils
EPSAT project coordinator
rainfall, flood and spatial analyst

Dr. Michel doepfiner
Dr. Thierry Lebel

Dr. P. Ribstein - flood analyst, process studies
Valerie Thauvin )
Yves Arnaud ) research students working on EPSAT
Christian Roux )
¥. Gautier telemctry systems {(inc. HYDRONIGER)
C. Bouvier )
C. Dieulin-Picart ) software systems

ORSTOM

Centre de Montpellier

2021 Avenue du vVal de Montferrand
BP 5045

34032 MONTPELLIER
67-52-11-71

APPENDIX 2 GLOSSARY OF OTHER ORGANIZATIONS

Bureau de Recherches Geologiques et Minieres (BRGM)
Centre scientifique et technique

Zivision Eau-Espace souterrain

1l avenue de Concyr - Orleans La Source

BP 6009

45060 ORLEANS
38-64-34-34

Censeiller Technique en Agroforesterie pour 1'Afrique de 1'Ouest
(CARE)
BP 10155
NIAMEY
Republique du Niger
73-54-17

CEIS-Espace
Rue des Freres-Boudes
31084 TOULQUSE

Comite Interafricain d'Etudes Hydrauliques (CIEH)
OUAGADOUGOU

Burkino Faso

Centre de Cooperation Internationale ecn Recherche Agronomigque
pour le Decveloppement (CIRED)

42 rue Scheffer

75016 PARIS
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Cencre National de Recherches Meteorologigques
42 avenue G. Coriolis
3113537 TOULQUSE

Centre National d'Etudes-Spatiales {CNES)
Centre National de la Recherches Scientifiques (CNRS)
Direction de la Mecteorologie Nationale (DMN]

Ecole Nationale des Mines
35 rue Saint-Honore
77305 FONTAINEBLEAU

Forestry and Land Use Planning Project (FLUPP)
USAID

BP 11201

NIAMEY

Republique du Niger

International Crops Research

Institute for the Semi-Arid Tropics (ICRISAT)
Sahelian Centre

BP 12404

NIAMEY

Repunlique du Niger

Institut National de Recherches Agronomiques (INRA)Y,
Bioclimatologie
78850 GRIGNON

Institut National de Recherches Agronomigues du Niger (INRAN)
BP 439

NIAMEY
Republique du Niger

;12510

Institut Gecographique Nationale (IGN)
136 rue de Grenelle
75700 PARIS

Institut de Recherches en Agronomie Tropicale (IRAT)

Laboratoire d'Etude et du Recherches en Teledetection spatiale
( LERTS)

S0GREAH Consulting Engineers
& rue de Lorraine

383130 Echirclles

B.p. 172 X

323042 GRENCELE
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9.1 Suitability

The proposals to establish IFEDA in South-East Spain and South-
West Niger have much to commend them. Both arcas are at risk of

desertification; neither has previously been studied intensively.

However, there are notable differences between the study areas
and proposals: some hydrological, some organizational.

9.2 Contrasts

a)l The climate in South-West Niger is severe and restricts
development.

b} The La Mancha region of Spain has a worsening water resource
problem, aggravated by over-abstraction.

c) The Niger study area is typical of a wider region.

d) There are many long-term climate stations, and several long-
term river flow gauges, in La Mancha.

e) The Niger study area has a newly installed and highly
sophisticated raingauge network, with some climate stations.

f) The proposed study area in South-East Spain conforms well to
river basins.

g) An operational radar can provide estimates of rainfall for
the Niger study area.

h) Detailed mapping of topography, geoloqgy, hydrogeclogy, soils
and vegetation is available for the study area in South-East
Spain.

i) HNiamey hosts many international research projects, several
concerned with agronomy and meteorology.

j) La Mancha has a rich scientific and cultural heritage.
k) Niger is a developing country.
1} Spain is a member country of the CEC.

m) A single organization has much expertise in hydrological

studies in Niger, and can move quickly to develop a HAPEX/ISLSCP

project there.

n) The planning group in Spain wishes to postpone the Intensive
Field Campaigns until 1993.
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9.3 Recommendation

There is no over-riding hydrological factor that makes one or
other of the proposed study areas clearly preferable. Either site
would be suitable, though both would require preparatory work.
For the Niger study area, there is need of more detailed mapping
of topography, geology, hydrogeology, soils and vegetation. The
primary need with respect to the study area in South-East Spain
is to coordinate the existing hydreclogical data which, although
extensive and detailed, are widely dispersed.
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INSTITUTE of HYDROLOGY

The Institate of Hydrology is a component establishment of the UK
Natural Environment Research Council, grant-aided from Government
by the Department of Education and Science. For over 20 years the
Institute has been at the forefront of research expioration of hydrological
systems within complete catchment areas and into the physical
processes by which rain or snow is transformed into flow in rivers.
Applied studies, undertaken both in the UK and overseas, ensures that
research activities are closely related to practical needs and that newly
developed methods and instruments are tested for a wide range of
environmental conditions.

The Institute, based at Wallingford, employs 140 staff, some 100 of whom
are graduates. Stafl structure is multidisciplinary involving physicists,
geographers, geclogists, computer scientists, mathematicians, chemists,
‘environmental scientists, soil scientists and botanists. Research
departments include catchment research, remote sensing,
instrumentation, data processing, mathematical modelling,
hydrogeoclogy, hydrochemistry, soil hydrology, evaporation flux studies,
vegetation-atmospheric interactions, flood and low-{low predictions,
catchment response and engineering hydrology.

The budget of the Institute comprises £4.5 million per year About 50
percent relates to research programmes funded directly by the Natural
Environment Research Council. Extensive commissioned research is
also carmied out on behalf of government departments (both UK and
overseas), various intemational agencies, environmenial organisations
and private sector clients. The Institute is also responsible for
nationally archived hydrological data and for publishing annually
HYDROLOGICAL DATA: UNITED KINGDOM.
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