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ABSTRACT
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In 1991 and 1994 SC-DLO participated in the ECHIVAL Fieid Experiment in a Desertification-
threatened Area (EFEDA) supported by the Commission of the European Communities (Director-
ate General XII). SC-DL.O’s contribution to EFEDA was focused on a multiple-scale approach.
Measurements on single leaves, on plants, and in cells of 1-5 km® were carried out in the
Tomelloso area (Spain). Results showed that the evaporation in 1994 was lower than that in 1991.
Remote sensing data provided a means to areally extrapolate locally measured surface energy
balances, using the SEBAL algorithm.
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Preface

In June 1991 a number of European institutes, including the DLO Winand
Staring Centre, worked together in the EFEDA project, partially sponsored
within the EU EPOCH Programme (Contract EPOC-CT-90-030). The DLO
Winand Staring Centre (SC-DLO) contributed to the field measurements in
Tomelloso, Spain, and was involved in the remote sensing activities. In 1994
several institutes returned to Spain for a second field campaign, which was
supported through the EU ENVIRONMENT Programme (Contract EV5V-CT93-
0271). EFEDA is part of a series of international large-scale land surface-
atmosphere interaction experiments, which were fostered and supported by the
WRCP projects GEWEX/ISLSCP (Global Energy and Water cycle
EXperiment/International Satellite Land Surface Climatology Project).

This report has as major objective to provide an extended reference guide to the
collected data and to describe the data collecting and processing methodology.
Results of data analysis and modelling are being published in parallel.

We wish to thank ing. M. Jaarsma and P. Venema for their assistance during the
field campaign in 1991 and ir. E.J. Moors and dr. A.J. Dolman who helped to
collect field data in 1994. Particular thanks go to the tcams of the Department
of Meteorology of the Wageningen Agricultural University and the University of
Copenhagen, who jointly operated the measurement system in 1994.
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Summary

In 1991 and 1994 the DLO Winand Staring Centre participated in the the
ECHIVAL Field Experiment in a Desertification-threatened Area (EFEDA),
supported by the Commission of the European Communities {(Directorate
General XII). This project studied the interaction of hydrelogical, biological and
meteorological processes in Castilla-La Mancha, Spain, by simultaneous
measurements at various scales in 1991 and application of models to synthesize
the experimental results. The contribution of the Department of Agrohydrology
and the Department of Hydrology of Arid Zones of the DLO Winand Staring
Centre (SC-DLO) to the EFEDA programme in the Tomelloso area was focused
on a multiple-scale approach. During the intensive observation period (I0OP)
from 1 to 30 June 1991, SC-DLO carried out measurements at the scale of a
single leaf (stomatal resistance, leaf temperature, light interception), at the plant
scale (transpiration flux, leaf area, light interception) and at a scale of 1-5 km?
(micrometeorology) in the Tomelloso area. In 1994 a limited field campaign was
executed to provide additional data. This campaign concentrated on the
measurement of surface fluxes of water, sensible heat and CO,, vegetation
characteristics and meteorological parameters during 9 weeks in June and July
(in cooperation with the Department of Meteorology of the Wageningen
Agricultural University and the Geographical Institute of the University of
Copenhagen). This report has as major objective to provide an extended
reference guide to the collected data, to describe the data collecting and
processing methodology and to give a brief description of the results of the
remote sensing activities. Results of data analysis and modelling are being
published elsewhere.

In 1991 SC-DLO did measurements on the energy and water balance, Bowen
ratio and vegetation in a vineyard near Tommelloso. Radiation, air temperatures,
air humidity, precipitation, wind speed and wind direction were measured
continuously from 3 to 30 June. The 5- or 10-minute data were put into daily
files and grouped into four databases: radiation and soil heat flux, temperature,
humidity and wind. These data were checked and corrected if necessary, and
processed to half-hourly values. Most sensors performed well, but profiles of
temperature, air humidity and wind speed were not always correct due to
calibration errors. Soil and vegetation characteristics (except sap flow) were
measured instantaneously, the interval depending on the expected variation in
time. The sap flow was measured continuously, but the results were doubtful
during part of the measurement campaign. The latent heat flux was calculated
by the energy balance-Bowen ratio method. The temperature and humidity
gradients were measured by a Thermometer Interchange System, thus limiting
the measurement error. The evaporation was low, ranging from 0.6 to 1.5 mm
d'. ‘
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The purpose of the EFEDA 11 field campaign in 1994 was to link CO, fluxes to
the evaporative behaviour of the vines and to collect extra data needed for
parameterisation and calibration of Soil-Vegetation- Atmosphere-Transfer
(SVAT) models. Fluxes of water, sensible heat and CO, were measured by an
eddy correlation system. Meteorological parameters and vegetation
characteristics were measured as well from 1 June to 31 July. The evaporation
in 1994 appeared to be lower than in 1991, probably due to the smaller amount
of available water in the soil. The CO, fluxes showed great dependence on the
time constant used in the calculations, but seemed to be small.

Measurements of all participants of the EFEDA I programme in 1991 were used
for validation of remote sensing data. The surface temperature of large areas
was calculated, showing the difference between the dry and hot Tomelloso area
and the cooler Barrax area, where about 35% of the land surface was irrigated.
The surface albedos were compared at different scales. A new algorithm
(SEBAL) was developed to produce maps of the spatial distribution of sensible
and latent heat fluxes and was tested with the EFEDA data.

16



1 Introduction

1.1 EFEDA: ECHIVAL Field Experiment in a Desertification-
threatened Area

As a major compoenent of the European Programme on Climate and Natural
Hazards (EPOCH) the Commission of the European Communities (Directorate
General XII) jointly with members of the European research community,
developed the European International Project on Climatic and Hydrological
Interactions between the Vegetation, the Atmosphere and the Land surface
(ECHIVAL). The ECHIVAL Field Experiment in a Desertification-threatened
Area (EFEDA) was the first major activity within this project (Bolle et al.,
1993).

The transformation of land surfaces has a long history in Europe, but gains
significance in light of the possible climate change predicted by global models.
Though such models show approximately the same general trend with increasing
greenhouse gas concentrations, they differ considerably in their prediction at the
regional scale. A likely cause of these differences, among others, is the
inadequate parameterisation of land surface processes. Studies of Sud et al.
(1990), Xue et al. (1993), Henderson-Sellers et al, (1993) demonstrate the
particular importance of land surface characteristics and processes in climate
modelling. Research into this topic is therefore closely related to the
improvement of global climate models.

The ECHIVAL research programme (André et al., 1989) addresses such
problems as the interaction of vegetation with the soil below and the atmosphere
above at scales compatible with grid meshes of climate models, aiming at an
implementation of these interactions into climate models to enhance their
predictive capability. This includes the collection of data needed for diagnostic
studies of changes in land surface characteristcs and data as input to both
mesoscale and global models. These studies should foster the development of
the ability to interpret climate model simulations in terms of their regional
impacts and, vice versa, the feedback of land surface change on climate.

An essential aspect of this reserach approach is to investigate how to incorporate
knowledge of land surface-atmosphere interaction processes, obtained through
experimental results and analysis at relatively small sites into the mesoscale and
global models which have much larger scale meshes. Land surface heterogeneity
which can manifest itself at relatively small scales complicates this ’scale
matching’ procedure and sets the aggregation problem {André and Kabat,
submitted; Dolman and Blyth, 1995; Kabat et al., 1995a). Satellite
measurements are considered to provide a potential bridge between the scales of
models and of ground based observations, and may allow the transfer of
evaluation methods developed in specific areas to the continental scale. To

17



achieve this the algorithms used to infer information from these primarily
radiance measurements need to be empirically validated at a scale representative
of global observations from satellites (Sellers et al., 1992).

Global climate models simulate an increasing tendency for droughts with the
increasing greenhouse effect (and therefore the threat of desertification) for the
most vulnerable European area, namely the Mediterranean (Bolle et al., 1993).
The investigation of the processes which occur in such a transition area between
the dry climate of the subtropics and the more humid temperate regions, fits
well into the research strategy of the World Climate Research Programme
(WCRP) and the International Geosphere-Biosphere Programme (IGBP),
especially its core project Biospheric Aspects of the Hydrological Cycle (BAHC)
(Kabat, 1994). In light of this, the European Community has chosen to
concentrate its initial activities in the Mediterranea. To reduce the complexity,
the orographically relatively flat area of Castilla-La Mancha was selected, which
in its area size is compatible with the grid mesh of global models. A first step
towards linking information gained from models with experimental results and
observations from space, is to bring together the interdisciplinary scientific

Scale

Satellite ~ 900m?- 100km*
(resolution)

Aeroplane  100m?® - 1000km?
Balloon

Measuring  100m%-  10km?
mast

Plant < 100m?

Fig. I Relation between scales of data collection of large-scale field experiments
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community that deals with the different aspects of the processes and the land
surface. The EFEDA 1 experiment in 1991 finally brought together the expertise
of about 150 scientists in more than 30 groups, of which 24 were co-ordinated
and partially sponsored within the EU EPOCH Programme (Contract EPOC-CT-
90-030). In 1994 several of these groups returned to Spain for a second field
campaign, which was supported through the EU ENVIRONMENT Programme
(Contract EV5V-CT93-0271). EFEDA is part of a series of international large-
scale land surface-atmosphere interaction experiments, which were fostered and
supported by the WRCP projects GEWEX/ISLSCP (Global Energy and Water
cycle EXperiment/International Satellite Land Surface Climatology Project) and
by the IGBP/BAHC. After initial emphasis on basic understanding of
parameterisation and aggregation (Fig. 1) (André et al., 1988; Sellers et al.,
1995a) these experiments were conducted or are planned in major biomes of the
world, such as the Sahel (Goutorbe et al., 1994), boreal forest (Sellers et al.,
1995b; Halldin et al., 1995), tropical rain forest (Nobre et al., in prep.; Kabat et
al., 1995b) and the tundra (BIG(BAHC/IGAC/GCTE), 1995). In addition to
more insight into the interaction between land surface, vegetation and the
atmosphere these experiments provide necessary data to study the effects of
(anthropogenic) changes in land use on the subcontinental and regional climate
and vice versa, including possible long-term consequences such as land
degradation and progressing desertification.

Goals of the EFEDA I pilot study in 1991

The field experiment in 1991 was regarded as a pilot study since funding
limitations prevented the implementation of long-term observations and
background data evaluations. Its broad scope is a contribution towards a better
understanding of processes including the impact of mankind that may lead to
land degradation and desertification. Its specific emphasis was on:

— the experimental determination and modelling of area averages of the
available energy, the sensible heat and the water vapour fluxes between the
surface and the atmosphere

— the determination of the role of vegetation in these processes under relatively
dry conditions

— the investigation of the changes in surface fluxes as
— the land use changes including accompanying fetch phenomena, and
— the weather changes from wet to dry conditions

— the testing and validation of algorithms to deduce relevant information from
aircraft and satellite remote sensing data.

The experimental programme

The general configuration consisted of three sites arranged in a triangle at
mutual distances of about 70 km (Fig. 2). The three sites were sclected to be
representative of larger areas in this region, the basic intention being to extend
the results obtained in situ with the help of aircraft and remote sensing as well
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as satellite observations to an area of about 100 km x 100 km. At the three sites
micrometeorological stations were installed, separated by distances ranging from
100 m to several km. This is comparable with the pixel sizes of land
observation and meteorological satellites, and achieves the resolution required to
resolve the spatial variability of the energy and water vapour fluxes arising from
different land use. In addition, intensive measurements were made of
hydrological and soil physical characteristics for the area.

Aircraft equipped with eddy correlation instruments provided integrated fluxes
over the experimental area. These, supported by frequent radiosonde and
tethered balloon ascents at the three sites, supply the basis of a measurement of
the advective fluxes, which could play an important role in dry conditions. Such
advection may result from large scale circulation, including the intrusion of
Mediterranean air masses from the southeast and Atlantic air masses from the
west into a continental thermal low.

Satellite data were used to determine the albedo of the surface, the diurnal
change in surface temperature and their variation during the vegetation period.
The vegetation index (derived from multisprectral satellite observations)
provides an index of the biological activity of the vegetation; while the
distribution of vegetation types and their development can be classified by high
resolution multispectral data from satellite and NASA aircraft remote sensing
data. These included NASA/JPL DC-8 Aircraft Synthetic Aperture Radar
(AIRSAR) and the Airborne Visible/Infra-Réd Imaging Spectrometer (AVIRIS)
on the NASA ER-2 (Table 1). To validate the data obtained from satellites and
their processing, mobile measurements were made with transportable equipment
of the spectral transmittance of the atmosphere, atmospheric meisture content
(from radiosonde ascents), spectral measurements of soil and vegetation
reflectances and emissivity, spectral albedo over all essential land cover types,
surface temperature measurements and surface soil moisture measurements. The
role of the vegetation was additionally assessed by random sampling surveys on
leaf area index (LAI), photosynthetic active radiation (PAR), stem flow, stomatal
resistance and biomass production.

Intercomparisons of instruments were carried out occasionally during the
experiment, for example, with three spectro-radiometers in Rada de Haro on
June 12 and in the Tomelloso area with pyranometers, infrared thermometers
and net radiometers on June 26,

The evaluation of the experimental data involved modelling activity at different

scales, ranging from one-dimensional soil-vegetation-atmosphere-transfer
(SVAT) models to three-dimensional mesoscale and global climate general
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Table 1 EFEDA aircraft and instrumentation.

Aircraft type Instrumentation
Falcon 20 Basic meterological parameters {temperature, humidity, wind,
pressure)

Turbulent fluxes

Radiation (up and down)

Water vapour and aerosol backscatter vertical profiles (DIAL)
Video images of ground or sky

Do 128 Basic meteorological parameters (temperature, humidity, wind,
pressure)

Turbule‘nt fluxes

Radiometric temperature

DC-8 C-, L- and P-band, full polarization synthetic aperture radar
(AIRSAR)
ER-2 Thematic mapper simulator (TMS)

Airborne visible/infrared imaging spectrometer (AVIRIS)

Metric camera

model outputs. Ultimately, the experimental results need to be embedded in
climatological and meteorological background data for the Iberian Peninsula in
order to define the climatological representativeness of the experimental phase
(Bolle et al., in prep.).

Characteristics of the study area

The total study area (Fig. 2) is almost rectangular, and covers more than 10
km® between 2°11°-3°11°W and 38°55°-40°05°N. This area is part of the central
plateau of Spain, called the Meseta, with typical altitudes of 700-800 m. It is a
relatively flat plain bounded by mountains to the north, east and south. The
lowest point is about 630 m, where the Rio Zancara leaves the area. Otherwise
it is below 900 m in altitude, except for small parts in the south and northeast
which exceed 1100 m.

The climate is of Mediterranean type, with heaviest rainfalls in spring and
autumn and lowest in summer; it presents a high grade of continentality, with
quite sudden changes from cold months to warm months and high thermic
oscillations in all seasons between the maximum and minimum daily
temperatures. The rainfall statistics from 1931-1960 (Mata, 1984) show that the
mean annual rainfall is little more than 400 mm in most of the study area,
making La Mancha one of the dryest regions in Europe. Precipitation is
seasonal, with a minimum in summer (June-August) and a high year-to-year
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Fig. 2 The EFEDA experimental area with the three central sites near Rada de Haro,
Tomelloso and Barrax.

variability. The study area is principally drained to the west 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.

Centred in the headwaters of the Guadiana basin, the study area occupies the
southeastern part of a sedimentary basin preserving strata of Tertiary and
Quaternary age (Bolle and Streckenbach, 1992). The basin, roughly circular,
covers about 30,000 km?® and is centred on the settlement of Tarancon, on the
northern edge of the study area. The basin is encircled by rugged highlands of
Mesozoic Dolomites to the east and Palaeozoic intrusives and metamorphics to
the west.

The regional groundwater table in 1991 was deeper than 10 m at the Barrax area
and deeper than 25 m at the Tomelloso area (Llamas er al., 1993). Bore-hole
data for the period 1974-1987 demonstrate a serious progressive decline in water
table 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 20 m in 14
years. This serious situation is a result of over-exploitation of groundwater
resources for crop irrigation. Until recent years, La Mancha was predominantly
a dryland farming area. However, exploitation of groundwater resources for
irrigation has increased largely and some 20% of the area of the main aquifer
system which cuts through the area from north to south is nowadays subjected
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to intensive, irrigated agriculture. The resuiting 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 be attributable in part to climatic
effects rather than over-extraction. There is little doubt that the region would be
acutely vulnerable to a progressing groundwater decline due to a shift in climate
towards higher mean temperatures and/or lower mean rainfalls.

Locations and characteristics of the three intensively studied experimental
sites

Barrax

The Barrax site is situated in the west of the province of Albacete, 28 km from
the capital town (39°3’N, 2°6’W, 700 m). The landscape in this areca is flat with
no change of elevation higher than 2 m over the whole area. Under the Barrax
area several aquiferous geological formations exist. These formations (Holocene,
Miocene, Cretaceous and Jurassic} seem to be connected and form a regional
groundwater body. The regional water table is about 20-30 m below land
surface. Nevertheless, there is some evidence that, at least locally, several
perched aquifers exist with their water table between 4 and 7 m deep.

The soils of the area have been poorly developed. In terms of soil taxonomy
they belong to the Inceptisoils. They are very finely textured and have a high
degree of compactness under drying conditions. All soils show a calcic hard-pan
layer at approximately 40 cm below the surface. The main limitation offered by
the soils with regard to their productive capacity is the small real depth, due to
the presence of the petrocalcic horizon with large amounts of total and/or active
limestone. The stoniness is excessive in many cases due to the presence of
remains of the petrocalcic horizon on the surface. The dominant cultivation in
the 10,000 ha area is approximately 65% dry land (of which 67% are winter
cereals and 33% fallow land) and 35% irrigated land (corn 75%;
barley/sunflower 15%; alfalfa 5%; onions 2.9%; vegetables 2.1%)

Tomelloso

The Tomelloso site (39°10° N, 03°01° W, 670 m) belongs to the province of
Ciudad Real. The landscape of the area is mainly flat in the north with slight
undulations in the south, generrally of less than 5% but locally up to 8%. In the
Tomelloso area two different connected aquifers can be found. The upper one is
formed by detrital sediments, and the lower one by Cretaceous and Jurassic
limestones. Between them are semi-impervious materials like gypsum and marly
sandstones. The regional water table is about 55 m below the ground surface.

The soils of the area are quite similar in character to those in the Barrax area,

but they contain more stones and are very suitable for the cultivation of vines.
The whole area is used for dry land cultivation. About 82.0% of the area is
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vineyard, 10.5% is used for cereals (including fallow land), 3.5% for culitivation
of olives and 3.0% is occupied by thicket and scrub.

Rada de Haro (Belmonte)

The centre of this site is near the small vilage of Rada de Haro (9°34°N,
2°37°W, 800 m), which is in the south of the province of Cuenca, about 100 km
from Madrid. The area comprises hilly terrain with an average altitude of 810
m, and slopes distributed as follows: 40% of the area: 0-10%; 45% of the area:
10-20%; 15% of the area: 20%. The geology of the Rada de Haro site is mainly
formed by Neogene and Quaternary horizontal strata over Mesozoic dolomites
and limestones and Paleogene clastic sediments, both of them folded. The
Mesozoic limestones form the main regional aquifer, which is recharged by rain
infiltration and discharges to the nearby streams through springs. The water
table in most places is more than 20 m deep. At the bottom of the valleys,
mainly at the Zancara valley, the Quatemary deposits form another small aquifer
which is mainly fed by the underlying Mesozoic aquifer. The water table of the
Quaternary aquifer is very close to the land surface (Phreatophytes are
frequent).

The area is characterised by limestone soils over weak materials. Outcrops of
gypsum materials appear frequently. The soils are not fertile and the
productivity of the forest consisting of holm oak is low (1.5-3 m’ ha™' yr'). The
average annual rainfall reaches 500 mm. Agricultural land use is predominantly
dry-land cultivation, mainly vineyards scattered with olive groves or cereals and
legumes. Only on the bank of the Zancara river and on some farmland where
abundant underground water is available, crops are irrigated. Areas of

- agricultural terrain, small forests and secondary "natural” vegetation form a
mosaic, creating ideal habitats for wildlife, both vertebrate and invertebrate.

1.2 The contribution of the DLO Winand Staring Centre

The contribution of the Department of Agrohydrology and the Department of
Hydrology of Arid Zones of the DLO Winand Staring Centre (SC-DLO) to the
EFEDA programme in the Tomelloso area was focused on a multiple-scale
approach. During the intensive observation period (IOP) from 1 to 30 June
1991, SC-DLO carried out measurements at the scale of a single leaf (stomatal
resistance, leaf temperature, light interception), at the plant scale (transpiration
flux, leaf area, light interception) and at a scale of 1-5 km? (micrometeorology)
in the Tomelloso area. Special attention was paid to all terms of the energy and
water balance on different components of a spatially-heterogencous system,
namely bare soil, vine plants and a mixture of both. For non-continuously
monitored surface parameters, measurement frequency and spatial coverage was
increased on days with aircraft measurements and satellite overpasses, aiming to
compare the spaceborne, airborne and ground truth data.
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The major activity of the EFEDA I programme (January 1991 - June 1993, EU
Contract EPOC-CT-90-030) was the preparation and execution of the
measurements. Funds were lacking for complete data processing and analysis for
most participants of the EFEDA programme. Therefore, the programme was
prolonged as EFEDA II (August 1993 - August 1995, EU Contract EV5V-CT93-
0271). Besides further data analysis and modelling a limited field campaign was
executed in 1994 to provide additional data. This campaign concentrated on the
measurement of surface fluxes of water, sensible heat and CO,, vegetation
characteristics and meteorological parameters during 9 weeks (in cooperation
with the Department of Meteorology of the Wageningen Agricultural University
and the Geographical Institute of the University of Copenhagen). The analysis of
1991 and 1994 data focused on:

— studying methods of aggregating (upscaling) land surface parameters and
fluxes at a scale from 1 m® to approx. 50 km® (Kabat et al., 1994);

— parameterisation and calibration of Soil-Vegetation-Atmosphere-Transfer
(SVAT) models for the collected data set;

— validation of a new land surface parameterisation algorithm which predicts
instantaneous surface heat fluxes using remotely sensed data (Bastiaanssen et
al., 1994y,

— prediction of daytime surface energy balance using METEOSAT data.

1.3 Structure of this report

This report has as major objective to provide an extended reference guide to the
collected data and to describe the data collecting and processing methodology.

" Results of data analysis and modelling are being published in parallel (see
Annex 1). Also the ’clean’ database which is now available from EFEDA
experiments is planned to be fully explored in follow-up large scale modelling
studies (Kabat, 1995).

The report contains three parts. In the first part (Chapter 2-6) the measurement
results and database from the EFEDA I field campaign will be presented. In
Chapter 2 the experimental design, including data collection, is described.
Measurements and selected results of meteorological parameters are given in
Chapter 3. For each group of measurements (radiation, temperatures, humidity,
wind), method and instrumentation are described, followed by sections on data
processing and measurement results. Chapter 4 comprises measurements and
selected results of soil parameters (soil profile, soil thermal conductivity and
soil moisture). Vegetation parameters like leaf area and leaf area index, soil
cover and plant height, light interception, stomatal resistance and sap flow and
measurements are described in Chapter 5. Energy fluxes, directly measured or
derived from Bowen ratio measurements, are given in Chapter 6.

In the second part (Chapter 7) the measurements and database from the EFEDA
IT field campaign will be presented. Chapter 8 gives a user gnide for the
databases.
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In the third part (Chapter 9) the results of remote sensing activities will be
briefly described.
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2 Experimental set-up

2.1 Measurement lay-out

The SC-DLO measurement site was situated in a vineyard in the Tomelloso area
(Fig. 3). SC-DLO did measurements on the energy and water balance, Bowen
ratio and vegetation. Figure 4a and Table 2 give an overview of the site and
instrumentation of SC-DLO. Detailed information about instrumentation will be
given in Chapter 3. A listing of all the sensors used in the experiment is given
in Annex 2.

02 CNRM, Toulouse, France

corp University of Copenhagen, Denmark

iOH Institute of hydrology, Walligford, United Kingdom

REA University of Reading, United Kingdom

SC Winand Staring Centre, Wageningen, Netherlands

WAUMET Wageningen Agricultural University, Dept. of Meteorology, Netherlands

WAUHYD  Wageningen Agriculturat University, Dept. of Water resources, Netherlands S
SC94 measurement site in 1994

Fig. 3 Measurement locations of EFEDA participants in the Tomelloso area.
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