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Summary

A template for Study Site Descriptions was sent to all study sites with specific headings for
which information needed to be supplied. The information was finally received from all
sites and after editing and reviewing made available to the HIS by WB6. The individual
Study site reports have also been compiled into this single document.

The table on p9 gives an overview of some of the main characteristics of the study sites,
such as their size, their dominant land uses, and the most important degradation problems
that occur. The sections below list the main conclusions that could be drawn from the
study site descriptions, for each of th e six headings that were used in the template for
study site descriptions.

General information

The DESIRE Study sites represent various locations across the world and vary largely in size

from less than 100 km? to several thousand km?, but the majority is in the order of a few

hundred km?. The main reasons for selecting the sites are among other things: presence of
previous research, representativeness, Ohot spot
and occurrence and/or potential for successful implem entation of mitigation and

preventive strategies.

A data availability questionnaire was filled in by all study sites and shows that a wealth of
relevant data is available, though in widely varying formats and scales.

Bio - physical description

Available natural resources vary greatly in the different study sites, as can be expected
with their geographical distribution, but also have some elements in common.

Precipitation is rather low and especially unequally distributed and in several sites
irrigation is p racticed. Major land uses are permanent and semi -permanent agriculture,
and grazing. The strength of many of these practices is that they are well established,
traditional systems that have proved to work under the prevailing conditions. However,
these are under increasing pressure by population growth, market pressures, urbanisation,
and agricultural intensification / overgrazing (though sometimes land abandonment and
agricultural extensification are causing degradation as well). The major degradation
problems listed are erosion by water and wind, salinization, biological degradation and
wildfires. Conservation measures are applied in many of the sites and range from rather
heavy investment structural measures (e.g. terracing) to low -cost simple practices, such
as contour ploughing or area closure or fencing.

Socio -economic description

Age distribution is uneven in many sites due to ex -migration of younger people. Also
general depopulation in rural areas leads to land abandonment, which starts a vicious cyc le
of more degradation (e.g. lack of maintenance of conservation measures), which again
results in more land abandonment. More dependency on off -farm income also leads to
lower investments in agriculture and sustainable land management. Land fragmentation is
also a problem in several sites.


http://www.desire-his.eu/index.php?option=com_content&view=article&id=167&Itemid=19&lang=en
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Institutional and political setting

In most sites local or national laws exist but implementation is often ineffective. The EU

Common Agricultural Policy has some positive impacts, but also promotes the cultivation of

unsuitable land in other places. A lack of cross -sectoral planning and collaboration is a very

common problem. Where conservation laws or policies exist, their enforcement is

sometimes weak. Inadequate extension services and low presence of govt. instituti ons are
mentioned for several sites, but someti mes these

Relevant end -users / stakeholder groups (at all levels)

Among the major stakeholders listed for the study sites are NRM Institutions, land users,
NGOb&6s, pol i cyintenestk loweyer ard doraetimes conflicting.

Past and on -going projects

In most if not all sites various projects focusing on desertification, land degradation and/or
sustainable land management have been taking place or are still on -going. These range
from specific research activities to larger application -oriented projects. Various sites have
been involved in other major global or regional desertification projects such as MEDALUS or
DESERTLINKS.
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Nr.  Country
1 Spain

2 Portugal
3 Italy

4 Greece
5 Greece
6 Turkey
7 Turkey
8 Morocco
9 Tunisia
10 Russia
11 Russia
12 China

13 Botswana

14 Mexico

15 Chile
Cape

16 Verde

Site

Guadalentin
(Rambla de
Torrealvilla)

Macao/Gois

Rendina

Crete

Nestos
Karapinar

Eskisehir

Mamora/Sehoul

Zeuss-Koutine

Djanybek

Novy-Samatov

Loess plateau
Boteti

Cointzio
Secano Interior

Ribeira Seca
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Location
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Land use

Arable (irr./non -irr.); forest;
orchards
Mostly forest; some agriculture

Mainly arable (dry; cereals);
Olives; Forest

Widespread olives; shrub and
bushland; pasture

Irrigated agriculture, marshes
Irrigated agriculture
Dryland /irr. agriculture, pasture

Decreasing cork oak, increasing
agriculture and grazing

Rangeland, agriculture

Grassland, Artificial forest belts
Irrigated agriculture

Arable farming, cash crops, grass
planting and vegetables

Mixed land use; grassland
savannah

Cropland, Forest Grassland
Cereals, Forest plantations

Mainly rainfed agric. (82%)

Degradation
Erosion, Salinisation

Erosion, Wildfires

Erosion, mass movements;
sedimentation

Soil erosion, soil and water salinization,
water stress

Salinisation
Salinisation, groundwater level

Urbanisation, erosion, droughts
Erosion, biological degradation

Biological degradation, erosion by wind
and water, drought

Salinisation, erosion by wind and water

Waterlogging, salinisation

Water erosion

Wind erosion

Water erosion
Water erosion

Water erosion, drought
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Study Site description o Guadalentin basin / Spain

1. Responsible partner
Estacion Experimental de Zonas Aridas (EEZACSIC)

2. General Information

Given the severity of the problem in the Guadalentin basin and taking advantage of the

long history of research projects, the Guadalentin was selected as the Spanish study area

in the DESIRE project. The focus of most research within DESIRE will be on the sub-

catchments of the ORambla de Torrealvilbrad, whic
large parts of the Guadalentin basin. See Figures 1, 2 and 3 for the location and an image

of the Guadalentin basin and the Torrealvilla catchments. The Guadalentin basin covers

area of about 3300 km] (see Figur esaltrbitanydn 2) . The
the headwaters of the Guadalentin upstream of Lorca, and covers about 250 km? (Figure

3).

During the last two decades, the drainage basin of the Guadalentin in south -eastern Spain
has been the study area for many studies dealing with land degradation. Examples are the
projects MEDALUS, DESERTLINKS, MEDACTION, and RECONDES funded by the EU, but also
various Spanish national research projects have focused on parts of the Guadalentin basin.
One of the reasons for the broad interest in the Guad alentin basin is that land degradation
is generally considered severe in large parts of the basin due to a combination of the
Mediterranean climate, characterized by dry summers followed by intense autumn rainfall,
an often steep topography with fragile so ils on highly erodible lithologies. Moreover,
initiated by political and socioeconomic changes, important land use changes have taken
place over the last centuries, which have formed an important driver for further land
degradation in the Guadalentin basin .
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Figure 1: Location of the Guadalentin drainage basin in Spain

The opinions expressed in this repare those ] o ) ] ]
of the DESIRE Project consortium and do r 10 [Study Site Descriptio n Guadalentin Basin / Spain

necessarily reflect the views of the Europee
Commission.
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Torrealvilla catchment
Murcia, Spain

3 Km Quickbird image 2003
Provided by the ministry
e = s of environment of Murcia

Figure 3: Satellite image of the Torrealvilla catchments, subcatchment of the Guadalentin drainage
basin

Soil erosion by rills and gullies forms one of the main causes of land degradation in the
Guadalentin. Apart from the natural conditions favoring soil erosion (i.e. topography,
climate and lithology), high soil erosion rates are often triggered by frequent tillage,
uncontrolled land abandonment and improper reforestation techniques. Another land
degradation problem is soil salinisation due to overex ploitation of aquifers. Measures to
combat land degradation problems have been applied for over 100 years. Some of them
have been successful, while others have failed.

The opinions expressed in this report are thos . o . . .
of the DESIRE Project consortium and do r 12 |Study Site Description  Guadalentin Basin / Spain

necessarily reflect the views of the Europee
Commission.
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3. Biophysical description

Climate, geology and geomorphology
Mean annual rainfall (1971-2000)

Maan annusl renfell (mm)
betwaen 1971 - 2000
128

RUSLE R Factor

Figure 4: Rainfall characteristics in the Guadalentin based on mean annual rainfall in the period
1971-2000. The station data used for this map were provided by the Instituto Nacional de
Meteorologia. The R factor was calculated according to Renard and Frei mund (1994).

. . . . . . The opinions expressed in this report are thos
13 |Study Site Descri ption Guadalentin Basin / Spain of the DESIRE Project consortium and do r

necesarily reflect the views of the Europea
Commission.
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The climate in the Guadalentin varies from semi -arid to sub-humid Mediterranean (see
Figure 4 86), with mean annual precipitation between less than 300 to more than 500 mm,
and an average annual temperature between 12 and 18°C. Precipitation shows an inter-
annual coefficient of variation between 0.2 and 0.5, though high inter -seasonal variation is
also present. Droughts, centered in the summer, commonly last for more than 4 -5 months.
Annual potential evapotranspiration rates larger than 1000mm are common in large parts
of the basin (Figure 5). With an aridity index (UNESCO, 1979) dominantly between 0.2 and
0.5, the main part of the basin is considered to be semi -arid (Figure 6).

Fotantia) Evapotranspiration
Guadalentin drainage basin
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Figure 5: Potential evapotranspiration in the Guadalentin based on mean annual rainfall and
temperature in the period 1971  -2000. The station data used for this map were provided by the
Instituto Nacional de Meteorologia

Geologically the Guadalentin basin lies on the eastern edge of the Betic ra nges, whose SW
NE axis and faults have determined the main structure of the drainage network. The
geomorphology of the area is dominated by strongly folded and faulted (Eocene and
Oligocene) limestone hills with foot slopes developed in Eocene Marls. The G uadalentin is
an ephemeral river for the major part of its course. The upper section of the basin has a
rather dense drainage density in the headwater areas of Sierra de Maria (max 2045
m.a.s.l.), Sierra del Gigante (1554 m), Sierra Espufia (1585m), all on Cretaceous and
Jurassic limestone and dolomites, and Sierra de las Estancias (1467 m) on Paleozoic shales
and phyllites. In the central part of the basin several meseta -like plains at altitudes of ca.
1000 m can be found. The middle section is characterize d by an undulating landscape with
long pediments and incised river terraces. The lower reach is characterized by a nearly flat
valley bottom with series of well-developed alluvial fans at the base of the sierras.

The opinions expressed in this report are thos ) o ) ) )
of the DESIRE Project consortium and do r 14 |Study Site Description  Guadalentin Basin / Spain

necessarily reflect the views of the Europez
Commission.
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Aridity Index
Guadalentin drainage basin pray

N
(reus e | ETHY
B o2
Bl o222
[]a3.08
B 050
Bl oo

. o

— W ater anater Tajo - Segera
v Waler Sanster Taibila

s Nawwes

Figure 6: Aridi ty Index in the Guadalentin defined as the ratio between mean annual rainfall and
potential evapotranspiration (UNESCO, 1979), in the period 1971 -2000. The station data used for
this map were provided by the Instituto Nacional de Meteorologia

Soil, vegetat ion and land use

CORINE 2000 Landuse
Guadalentin drainage basin
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Figure 7: CORINE 2000 land use map of the Guadalentin basin. This map was extracted from the
CORINE map of Spain, published by the European Environment Agency

A detailed soil mapping was performed of the province s of Almeria and Murcia within the
framework of the project LUCDEME (Lucha Contra la Desertificacion en el Mediterraneo) at
a scale of 1:100.000, following the classification system of the FAO (FAO -UNESCO, 1974).
The most dominant soil types in the Guadale ntin are Regosols, Fluvisols, Calcisols,
Gypsisols and Leptosols (FAO, 2006). Leptosols dominate on the steeper slopes of the
limestone outcrops, whereas Calcisols, Gypsisols and Regosols are mostly found on the
flatter terrain. Calcic and petrocalcic hori  zons are common in these soils. The main valley
of the Guadalentin is dominated by Fluvisols formed in sediments rich in gypsum and
calcium carbonate and often with high levels of salinity.

. . . . . . The opinions expressed in this report are thos
15 |Study Site Descri ption Guadalentin Basin / Spain of the DESIRE Project consortium and do r

necesarily reflect the views of the Europea
Commission.
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Vegetation in the Guadalentin is highly disturbed by centuries of human influence. Semi-
natural ecosystems include shrublands with dominance of Stipa tenacissima, Rosmarinus
officinalis and Anthyllis cytisoides. Forests are dominated by Pinus halepensis. The main
land use in the Guadalentin at present includes under dryl and conditions almonds and
herbaceous crops, and under irrigation orchards with citrus, various vegetables,
greenhouses and also almonds are sometimes irrigated. Figure 7 shows the CORINE 2000
land cover map for the Guadalentin basin. In this Figure, the o riginal 44 land cover classes
of the CORINE map are aggregated to 15 classes. The map shows important areas of
irrigated crop concentrated in the main valley of the lower part of the Guadalentin. The
headwaters are dominated by dryland farming, open spaces , scrub, and forest cover. On
the false color satellite image of Figure 2, some additional irrigated crop areas can be
distinguished visually by the red appearance. However, it should be realised that land use
is quite dynamic and that important changes ha ve taken place in recent years, and are
ongoing, especially in the surface area of irrigated crop.

Land use change

Land use and changes in land use are important drivers of land degradation. Land use
affects land degradation through the surface cover prote cting the soil, runoff generation,
but also through specific land management such as ploughing, land levelling, irrigation,
reforestation etc. It is however importantto  realize that many land use decisions are
embedded in complex economic socio-cultural a nd political contexts.

The Guadalentin has seen important structural land use changes over the last centuries. An
analysis of land use changes within the Guadalentin between approximately 1900, 1978,
and the year 2000 showed that between 1900 and 1978 the main changes consisted of the
conversion of dryland herbaceous cropland to shrubs, to dryland almonds, or to irrigated
herbaceous crops (Rojo Serrano, 2003). In the same period there was a notable increase in
irrigated land, and an increase in plantations of alpha grass (Stipa tenacissima) for the
production of cellulose. Between 1978 and 2000 the dryland agriculture further decreased,
while irrigated land and forest increased. Similarly, another study showed that in the year
1995 only 37% of the land was the same as in 1957 (Cammeraat and Imeson, 1999), and
since then changes have continued rapidly.

Groundwater, water transfers, and irrigation

Due to the profound water deficit in large parts of the Guadalentin basin, irrigation has
been applied since long times in order to sustain agricultural production. In Roman and
Arabic times sophisticated irrigation schemes and water harvesting techniques were
developed and widespread for decades. At the end of the nineteenth century two
reservoirs were built (i.e. Val deinfierno and Puentes) to store water for irrigation
purposes. After an initial catastrophic collapse of the Puentes dam in 1802, both dams
were rebuilt in 1897 and 1884 respectively. Although these reservoirs allowed the
expansion of irrigated agricultur e, this was only temporally, as both reservoirs were silted
up rapidly. The Valdeinfierno reservoir is nowadays almost completely filled with
sediments, and in the Puentes reservoir, that was also filled with sediments, a new and
higher dam was finished in the year 2002 (see photograph 1).

The opinions expressed in this report are thos ] o ) ) )
of the DESIRE Project consortium and do r 16 |Study Site Description  Guadalentin Basin / Spain

necessarily reflect the views of the Europee
Commission.
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Photograph 1: Images of the Valdeinfiern Valdeinfierno and Puentes reservoir in 2004

In the search for alternative water resources, the large d&cale use of groundwater for
irrigation started i fitycdleBeOgioandwateipuntpsandhhe avail abi
electricity in rural areas (Lopez -Bermudez et al., 2002). Figure 8 shows a map with the

aquifers in the Guadalentin basin. Depth to groundwater in these aquifers ranges between

0 and over 200 meters.

Over time there has been a strong increase in the water -intensive crops. Therefore, in the
upper Guadalentin the number of groundwater pumping stations increased from 25 to 234
between 1973 and 1996, resulting in a lowering of the water table by almost 10 meter per
year (Tobarra-Ochoa and MartinezGallur, 1998; Romero Diaz et al., 2002). The total
annual volume of extracted water increased from 24 hm3 in 1973 to 56 hm3 in 1990. In
1996 the extracted volume decreased again to 30 hm3 due to the lowering of the water
table and t he high price of water extraction from these greater depths. The irrigated
agriculture used close to 83% of total water consumption in the Murcia region in 1999 (Rojo
Serrano, 2004). The overexploitation leads not only to a lowering of the water table but
also to salt intrusion and a severe salinisation problem.
Aquifers

Guadalentin drainage basin -

“eane

— WWator transfer Tajo - Sagera
(0 iy i e imbai b 0 10 Km e Watar tianafer Taitdla

:&_m':'m""" — A —— Rivers
Figure 8: Overview of the main aquifers within the Guadalentin basin

In order to deal with the overexploited locally available water resources, in 1979 the water
transfer from the Tagus to the Seg ura River was opened. The water transfer was originally

authorised to divert up to 600hm 3 from the Tagus to the Segura River annually. Part of this
The opinions expressed in this report are thos
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water (25hm 3) was intended for the Guadalentin basin (Tobarra -Ochoa and Martinez

Gallur, 1998). However,the dr ought s in the 198008s and 19900s m
the planned volume was actually transferred. Therefore, and in order to cope with the

continuously increasing quest for water, various options for water transfers from either the

Ebro or the Duero River basin are discussed at national level causing tense public and

political debates (Lopez -Bermudez et al., 2002). Until now regional and national opposition

towards more water diversions have prevented the creation of new canals. However, given

the fact that irrigated agriculture at this moment is the only profitable form of agriculture

without subsidies (Hein, 2007), there is a continuous political pressure to find more water.

4. Socio -economic description

Demography and education

The population density of the Guadalentin basin is highly diverse since there is large

variation between rural areas and some medium sized cities within the catchments (e.g.

Murcia and Lorca). Population density ranges between 5 and 50 persons per square

kilometer for the rur al areas and about 472 persons per square kilometer for the

municipality of Murcia, the main city in the catchments. For the region of Murcia, there

has been a continuous increase in the total population. However, there is a large

difference between rural areas and cities within the region. For the rural areas of the

region an important decrease in popul alei on is ob
196016%700s (CREM, 2008) .

Regarding education level, about 4.5 percent of the total population above 10y ears old is
analphabetic. However, this number is strongly influenced by people over 50 years, since

in the age group between 10 and 14 years only 0.24 percent of the population is
analphabetic (CREM, 2008).

Livelihood, migration, land conversion and land  degradation

The main income for people in the rural areas of the Guadalentin basin is from agriculture.
Traditionally this involves mainly dry land farming of cereals, almonds and olives in the
rural headwaters and irrigated farming of horticulture in flat ~ areas. However, as was
indicated before, important land use changes have taken place throughout history in the
Guadalentin. In last decades important land abandonment of traditional  dry land farming
has occurred together with an increase of almond plantat ions and intensely irrigated
horticulture.

Changes in the population are strongly related to changes in land use and to land

degradation. On the one hand, high population pressure can cause land degradation, while

on the other hand degraded areas with low productivities often show abandonment and

low population growth resulting in land use changes. The Guadalentin basin has seen

reduced population growth compared to the regional and national average, and the

Guadalentin has more people in the age older than 65 years, and less people in the

potentially active working population, compared to the regional and national average. Of

the working population traditionally a relatively large part has been working in agriculture

(cl ose to 50% i n t hissperdedtd)® lasbeen rapidiyvdecreasing sinde

the 19608s to about 20 % in the 199008s (Romero LC
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Mi gration of people from the rural areas to the
important land abandonment in the Guadalentin. Th is resulted in increased soil erosion

rates and land degradation, since abandonment of cultivated fields often leads to the

destruction of terraces, and in first years after abandonment also in higher erosion and

runoff rates due to crust formation (Cerda, 1997). Consequently, there is potential risks

that contaminated sediments in terraces or in hollows are  mobilized due to land use

changes and land abandonment (Imeson et al., 1998).

Parallel to the abandonment of land, developments in the national, Europe an and global
economy have been an incentive to shift from dry land agriculture to irrigated crops where
possible, and to almond orchards. The Murcia region is now one of the major exporters of
lettuce, tomato, melons, peach and other fruits and vegetables . In order to prepare the
land for large scale irrigated crop production, land leveling operations are currently taking
place at a large scale (see photograph 2). Although it is evident that they will have
important long -term effects, there is currently no clear view of the extent of these land
use changes and on the exact type and quantities of its impact.

Photograph 2: Levelled land for lettuce plantation in the Torrealvilla catchment, August 2007
(Photo by J. de Vente).

In large parts of the Guadalenti n reforestation was and is a widely applied conservation
measure to combat land degradation. Previously, reforestation was performed on terraces
constructed with heavy machinery. Various studies have indicated that in fact these
reforestations are very ine ffective and even increase runoff erosion rates (e.g. de Wit and
Brouwer, 1998). Nowadays it is well accepted that the success of reforestations depends to
a large extend on the local climatologic conditions such as effective annual rainfall. There
is ongoing research on the effectiveness of reforestations and on the best species and
planting techniques to be used in reforestations (e.g. Castillo et al., 2003; Bellot et al.,
2004; Barbera et al., 2005; Boix -Fayos et al., 2007).

. . . . . . The opinions expressed in this report are thos
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5. Institutional and political s etting

The most important drivers of land degradation are the ones that affect land use, land
management, and climate characteristics (Gobin et al., 2004). The most relevant drivers of
land degradation in the Guadalentin basin are agriculture, water availa bility, human
population, tourism, transport, climate, and land use subsidies. Changes in either of these
drivers can either positively or negatively affect land degradation in the basin.

There is a range of policy instruments meant to act against land deg radation. Most of them
focus on vegetation cover or land use and management changes through the use of
regulation and subsidies. For example, the Rural Development Policy Regulation provides
funding from the European Agricultural Guidance and Guarantee Fun d (EAGGF, 1257/99) to
establish new rural development plans based on Good Farming Practices (GFP). The GFP
contain valid national standards for tillage, alternate crops and the use of fertilizers

among other aspects. These standards can be modified by regional governments to suit
local requirements. Examples of national agrarian regulation based on EU Common
Agricultural Policy (CAP) legislation are (adapted from: Rojo -Serrano, 2004):

I Maintain set-aside arable land. In Spain, set-aside of 10% is compulsoryand an
additional 10% can voluntary be set-aside.

1 Maintain traditional fallow land under minimum tillage or an adequate vegetation cover
in order to minimize erosion risk.

9 Prohibition of tillage following the slope direction.

9 Prohibition of tillage in vine yards, olive groves and nut plantations on slopes steeper
than 15%, except when soil conservation practices (e.g. terraces, protection strips,
conservation tillage, complete soil cover) are adopted.

T Nut production (e.g. almonds, walnuts, hazelnuts, etc.) i s subsidized per hectare of
land.

A further instrument of policy development is reforestation of degraded and agricultural
lands. Its objectives are to enhance long -term forest resources and to combat soil erosion
and desertification. Program implementati on is the responsibility of the Autonomous
Communities, but is also co-financed by the central administration and the EU through the
EAGFF.

Since measures to combat land degradation are related to several sector policies such as
agrarian, nature conservat ion and environment, hydrology, urban and rural development,
coordination of effective policy is extremely complex (Rojo Serrano, 2004). Moreover, the
Guadalentin basin is divided over the provinces of Murcia and Almeria, and so over two of
Spai nds oasuegions (@eanMurcia and Andalucia). The basin forms part of fifteen
municipalities (Figure 9). Many soil erosion and conservation issues are administered by
different institutions within the Ministry of the Environment ( Direccion general para la
Consevacion de la Naturaleza, DGCONA), at national and regional level, and by the basin
authority of the river Segura ( Confederacion Hidrografica Del Segura, CHS. Although policy
decisions are taken at many different levels, most of the decisions and policies at these
levels are constrained and initiated through regulation provided by the CAP of the EU.
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Since joining the European Community (EC), the Spanish agricultural policy has been
dominated by the CAP, whose priority is the development of sustainable and ecologically -
sound agriculture. However, CAP implementation in southern Mediterranean European
countries, and particularly in Spain, has had contradictory effects on soil erosion (e.g. set -
aside resulted in a strong increase in the extent of bare soils vul nerable to erosion) (Rojo
Serrano, 2004; Boellstorff and Benito, 2005). CAP reforms, in the context of Agenda 2000,
signified a new era of integrated development of rural areas, including soil protection and
erosion control.

Municipalities
Guadalentin drainage basin
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Figure 9: Overview of the mun icipalities within the Guadalentin basin

Reforestation and forest administration originally were under the responsibility of the
Hydrology and Forest Divisions that was founded in 1901. However, increasingly
responsibility for forest resources and nature ¢ onservation has been transferred to
autonomous communities. The central government, through the Ministry of the
Environment, co-ordinates plans and programs related to soil protection and
desertification control. This includes the Spanish Forestry Strategy (EFE), the National
Forest Plan (NFP) and the Autonomous Forest Plan. Objectives include the design of new
forestry policies, emphasizing multiple uses of forests, organization of forest resource
responsibilities within the central administration, co -ordination with autonomous
administrations and renewal of forest activity as a means of generating employment and
economic activity. The Forestry Strategy, developed by the NFP, promotes reforestation of
degraded plant cover areas, wildfire protection and appl ication of si lvicultural treatments
to improve forest quality.

When Spain signed the UN Convention to Combat Desertification (CCD) in 1996, it was

committed to establish a National Action Program to Combat Desertification (NAPD). This

is being prepared by a working group coordinated by DGCONA of the Ministry of
Environment, with the main objective to promote
semiarid and dry sub humid areas, to prevent and reduce land degradation, and to
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rehabilitate degraded land. I n this framework, in 2002 DGCONA initiated a national
inventory of soil erosion (INES) which aims to locate, quantify and analyze the evolution of
erosion processes in Spain. The main objectives are to prioritize target areas for soil
conservation and define and evaluate national plans on reforestation, plant cover
improvement and the management of forest biodiversity. In every province, an inventory
and map (1:50.000) will be made of rill, gully, river bank and wind erosion and mass
movements. The inventor y maps of the province of Murcia have been completed. The
inventory will be repeated on a cyclical basis.

6. Relevant stakeholders

Land degradation in the Guadalentin affects the whole society either directly or indirectly
at local, regional and even nationa | level. Selection of the most relevant stakeholders
therefore is a difficult task, but during the various research projects in the last decades it
has been possible to identify the most relevant stakeholders regarding land degradation
issues. Given the main objective of DESIRE to identify and evaluate existing and potential
conservation measures to mitigate land degradation, stakeholders that actually make
decisions on land use, either at the farm or the political level, as well as scientists, are
considered the most relevant stakeholders within this project. The selection of
stakeholders, in random order, includes the following groups:

- Individual farmers (both with dry land and irrigated land and both large and small
properties)

- Agricul tur al (eg.cCOATO htpIhiwwwisadts.com/ ; COAGIR,
http://www.arrakis.es/~coag -irm/)

- Irrigation communities

- Representatives of the ministry of environment and agriculture at level  of
municipality, region and national.

- Agricultural Extension Services (Oficina Comarcal Agraria:

http://www.carm.es/neweb?2/serviet/int egra.servlets.ControlPublico?l DCONTENIDO=
1287&IDTIPO=100&RASTRO=c489%m

- National focal point of the UNCCD.
- Tourist administration

- Confederacion Hidrogréfica del Segura (Segura basin water authority:
http://www.chsegura.es/chs )

- NGOds (Ecol ogjANSERac)en acci
- Forest engineer private companies (e.g. Tracsa, Generala)

- Forester associations (e.g. Asociacion de Propietarios Forestales de la Region de
Murcia).

- Scientists (ecologist/geographer/sociologist/soil scientist)
- Fundacién Instituto Euromediter rdneo de Hidrotecnia, http://www.f -ieh.com/

- Instituto Universitario del Agua y del Medio Ambiente, http://www.um.es/inuama/
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The abovementioned groups will be involved and consulted as much as possible during the
duration of the project through questionnaires and in various workshops.

7. Past and ongoing projects in the Guadalentin

Previous projects

Assessment of land degradation in the Guadalentin basin has been accomplished in a
variety of past research projects. Beside publication of study results in a vast amount of
scientific journals, several book chapters have been dedicated to describe the context of
land degradation and review parts of the work done in the Guadalentin (e.g. L6pe z-
Bermudez et al., 1998; Lopez -Bermudez et al., 2002; Romero Diaz et al., 2002). Four large
past European research projects with a focus on land degradation and desertification in

the Guadalentin basin are:

MEDALUS |, 11, lll (< 1999): MEDALUS was a projeicof 3 phases with the overall objective
to evaluate and analyze land degradation processes in the Mediterranean in the context of
global change (i.e. land use and climate). The Guadalentin was one of the focus areas
during all project phases.

MEDACTION<2004): MEDACTION adopted an integrated, multi-disciplinary approach,
involving social- and natural scientists as well as the principal stakeholders in the study
regions to: a) develop land use change scenarios at various scales, b) analyze effects of
pas policies in four target areas, ¢) analyze the costs of land degradation and benefits of
mitigation measures, d) develop options for land use policies, mitigation strategies, and
incentives to combat desertification.

DESERTLINKS (< 2004): The main aim dlfis project was to contribute to the work of the
United Nations Convention to Combat Desertification by developing a desertification
indicator system for Mediterranean Europe.

RECONDES (< 2007): The RECONDES projextused on the assessment of landscape
connectivity and the use of vegetation cover to reduce erosion and sediment transport
from hill slopes to river channels. In the Guadalentin the work involved monitoring of
vegetation and geomorphic changes in the Rambla de Torrealvilla.

Figure 10 provides an overview of the study areas where most work was done in the
Guadalentin, as well as some examples of published studies and their main focus.
Obviously, not all studies are mentioned in this figure, but we consider that it reflects
reasonably well the k ind of work that was done within the drainage basin. Most studies are
clearly bounded in space, although some studies have a more general character and are
not limited to a specific study site such as the studies about the changing socioeconomic
situation and the stakeholders perception of land degradation (Romero Diaz et al., 2002;
Juntti and Wilson, 2005; Ofiate and Peco, 2005).

Itis clear from Figure 10 that there has been a large variety of studies in the Guadalentin.
Most of them have focused on the description, monitoring and modeling of physical aspects
underlying land degradation processes. The various studies have significantly contributed

to an increased understanding of land degradation processes, their effects as well as the
socioeconomic drivers of land degradation. Although partial implementation plans to solve
specific problems have been carried out (e.g. reforestations and construction of check -
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dams for flood control and to mitigate sedimentation in reservoirs), no global integrated
implementa tion plans have been designed yet to mitigate land degradation in the
Guadalentin. Moreover, no comprehensive evaluation has been performed of previous
implementation measures to mitigate land degradation in the Guadalentin basin, except

for a study of the effectiveness of check -dams and reforestation in the Sierra de Torrecilla
(Castillo et al., 2003). Therefore, there is limited knowledge of which measures have been
or are successful and which are not with respect to soil conservation and mitigation of la nd
degradation in the Guadalentin.

Previous assessments of erosion rates and land degradation

Field measurements and mapping

Excessive runoff and consequent soil erosion are two of the main drivers of land
degradation in Mediterranean environments (Poesen and Hooke, 1997), and therefore,
many studies have focused on the assessment of runoff generation and soil erosion rates
under different soil and land cover conditions.

In various research projects erosion rates have been measured, relations between erosio n,
soil, plant and climate characteristics have been studied, and ephemeral streams have
been monitored and modeled (see Figure 10 for references). At a national level, in 2002
the Ministry of Environment (DGCONA) initiated a national inventory of soil ero sion (INES)
to locate, quantify and analyze the evolution of erosion processes in Spain. In every
province an inventory and map (1:50,000 scale) will be made of rill, gully, river bank and
wind erosion and mass movements. The inventory maps of the province of Murcia have
been completed. The inventory will be repeated on a cyclical basis.

Figure 11 shows 4 of the INES erosion maps for the Guadalentin basin. An important
improvement of the INES erosion assessments compared to previous erosion assessments
iket he | CONA soil erosion maps of the 198006s (1 CC
erosion from gully and bank erosion and mass movements are taken into consideration.
Various studies on soil loss due to gully erosion in semiarid environments indicated t owards
high contributions of gully erosion to total sediment yield at the basin scale (e.g. Faulkner,
1996; Wasson et al., 1998; Casali et al., 1999; Oostwoud Wijdenes et al., 2000; Wasson and
Claussen, 2002; Poesen et al., 2003). Gully erosion in the Guadalentin was estimated to
produce about 3760 t/km 2/yr, which according to Poesen et al (2002) is equivalent to

about 51 % of total soil loss due to rill, interrill and gully erosion. Likewise, a study of

Csl37 concentration in the sediments retained by the Puentes reservoir indicated that
about 60% of the sediments have a subsurface origin, pointing towards an important
contribution of gully and bank erosion processes (Plata -Bedmar et al., 1997).

For comparison, Figure 12 shows the PESERA erosion estimate fothe Guadalentin, as was
extracted from the PESERA European erosion assessment at a spatial resolution of 1 km
(Kirkby et al., 2004). Within DESIRE a revised application of PESERA with higher resolution
input data is foreseen.
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Figure 10: Overview of the main study areas and the type of studies performed in the Guadalentin basin during the last decade S.
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Figure 9: Soil erosion assessments for the Guadalentin basin extracted from
the PESERA soil erosion map of Europe (Kirkby et al., 2004)

Conceptual frameworks and model applications

In order to understand spatial and temporal variability of erosion and hydrologic  behavior,
several studies have tried to describe the interactions between plants, soil, topography,
lithology and climate in an effort to identify uni ~ form areas with respect to hydrological
and geomorphic processesbehavior. An example is the concept of the Desertification
Response Unit (DRU) (Imeson et al., 1995; Imeson et al., 1996; Imeson et al., 1998) that
was developed with the intention to identif y spatial patterns and to link hydrological
processes from one spatial and temporal scale to another.

Increasingly, the use of indicators has been promoted to monitor the changes in the status
of land degradation over time and make spatial comparisons. Man y indicators have been
proposed for this purpose and the EU-funded project DESERTLINKS was an effort to select
the most useful indicators for each study site amongst which the Guadalentin basin. The
DIS4AME database, developed during the DESERTLINKS proje¢ttp://www.kcl.ac.uk/
projects/ desert links/) contains about 150 desertification indicators. Each indicator is
clearly defined and the user can select indicators according to various logical fr ameworks,
temporal and spatial scales. Furthermore, an Environmental Sensitivity Index can be
calculated based on a selection of 13 indicators associated with vegetation, soil, climate
and management.

Other studies have tried to obtain better knowledge ab out processes through development
of simulation models, with the ultimate goal the prediction of impacts of land use and
climate changes on hydrology, soil erosion, river morphology and floods. For example,
Brookeset al (2000), later continued by Hooke et al (2005), worked on the development of
a simulation model called CHANGISM, capable of describing the morphological changes of
ephemeral streams after flood events under the impact of climate change and human
impacts (Brookes et al., 2000; Hooke et al., 2 005). First tests of the model suggest that the
major controls of changes in morphology are those factors affecting flow velocity (i.e.

event size and slope) and sediment load (Hooke et al., 2005).
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Study Site Description dMacao / Portugal

1. Responsible IP partner

Partner 7 d University of Aveiro

2. General Information

Location: Magéo lies in a transition zone between the Atlantic and the Mediterranean
climate types, and is located on the northern bank of the lower Tejo River, central

Portugal.
Coordinates: 39U0F3H19%.5197 BBN 6 W
Size: 400 km?

4| Magao Municipality - Administrative Boundary

a 5590 10,003 Mstars

Figure 1: Location of Macdo Portugal [So  1[Source: Google Earth] (right) & Administrative Boundary
(left) (Map / Google Earth)

Main reasons for selecting this site/region:

Macéao is one of the four UNCCD Pilot Areas in Portugal. It lies in a transition zone between

the semi-arid and sub-humid regions of Portugal. It has undergone severe drought periods

that have completely changed the character of the region during the past decade. Drought

impacts have been compounded by catastrophic wildfires that destroyed most of th e
municipalitydés forested area. Some areas burned
decade, leading to severe soil and vegetation degradation. In addition, the local economy

is weak, caused primarily by this being one of the Portuguese municipa lities with the

highest percentage of old people.

Global climate change processes are leading to degradation of the soils, reduction of water
supply and widespread poverty, which have all resulted in the emigration of young people
and consequent ageing of the remaining population. Several national and European
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development projects are currently being, or have been, implemented in an attempt to
reverse the environmental and socio -economic degradation processes. DESIRE provides a
framework that allows deeper insight into the degradation processes and an assessment of
the efficiency of these measures aimed at reversing the degradation processes.

Participating local partner institutions

Exploratory connections were made with the UNCCD focal point, the Macao Cit y Council,
the Aflomacéo dAssociacdo Florestal do Concelho de Macé&o (Forest Association of Macao
Municipality) and the CCDR-C - Comisséo de Coordenagao de Desenvolvimento Regional do
Centro (Commission for the Coordination of Regional Development in Centr al Portugal),
which is the Governmental Environmental and Planning Agency for the entire region and

has important responsibilities for combating desertification. Several research and
development projects were successful in the past in the study area at inv olving local and
national partners and several development projects financed by the Portuguese
Government, the European Union and other international fund -awarding bodies are
currently in progress, proving the willingness of all key actors and stakeholders to reverse
the environmental and socio -economic situation. These circumstances ensure that the
DESIRE approach will provide overall guidance and be able to assess the degree of success
of ongoing degradation mitigation projects.

Main language(s): Portuguese

3. Bio-physical description

Macdo lies in a transition zone between the Atlantic and the Mediterranean climate types,
and is located on the northern bank of the lower Tejo River, central Portugal. In a 20 km
north -south transect, rainfall varies from 1000 mm to less than 600 mm per year. The
climate is characterized by long, hot and dry summers and wet autumns, winters and
springs. There have been several drought years recently. The soils are typically very
shallow and stony Humic Cambisols, in some placesless than 20 cm deep as a result of
long-term soil erosion processes (Figure 2). Major hazards arise from poor agricultural and
forestry practices, such as plough ridges and furrows being aligned transverse rather than
parallel to the contour, and from fre quent forest fires.

At the beginning of the 20th century, Mag&o municipality had a highly diversified landscape
supporting a variety of activities including subsistence farming, grazing of sheep and goats
and forestry (for timber production and resin extra ction). In the 1950s and 1960s, large -
scale migration to Lisbon led to major changes in land use. The area under pasture and
agriculture decreased and was replaced by shrubs and forest (Figure 3), which was
characterized by Pinus pinaster until the mid 198 0s, and then by Eucalyptus globulus.
Degraded areas of shrubland and pine regrowth developed as a result of forest fires. More
than 80% of the area of the municipality was burnt in the 2003 and 2005 summer fires (Fig
4).
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Figure 2: Landscape (right) & soil erosion in Ma ¢&o Municipality (left)
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Figure 3: Land Use Map in Macao, Portugal
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Figure 4 dForest fires in Macao Municipality

In recent years, several polici es have been devised and implemented to promote soil
conservation and improve agricultural and sivicultural sectors, at European and national
levels. Several projects have recently been implemented, focusing particularly on
afforestation of part of the bur ned areas.

Results from previous projects show a wide range of soil erosion rates and overland flow
amounts for the various land uses, with some conservational land uses such as mature pine
plantations, and eucalyptus plantations on terraces on steep slop es rather than eucalyptus
seedlings being planted on rip -ploughed land with plough ridges and furrows aligned
transverse to the contour. Other forestry management practices lead to soil losses

typically at least forty times higher and overland flow amounts  considerably higher
compared with these conservational practices. Amongst the land uses with high risks are
those resulting directly or indirectly from human activity, such as  land cultivation and
destruction of the vegetation by wildfires which givesris e t o a o6wi ndow of di st
during which there can be substantial soil losses before a vegetation cover that includes
pine seedlings can provide protection for the bare soil.

Figure 5 8 Some conservation measures applied in Mag&o Municipality (2003)
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4. Socio -economic description

In 2006, Macao municipality had 7419 inhabitant s, with a population density of 18.5
inhabitants/km2. Women represented 52% of the total population. For the same year, the
bith-r at e was 6. 3 A -raemabout231180, whiehdetd to a negative growth -rate
of 2.2%. Since the 1950s, the municipality h as suffered substantial depopulation (Figure 6),
with more than 50% of the inhabitants migrating in 50 years.

W00 T

1930 1980 1970 1381 191 nnm 1005

Yeam

Figure 6: Population evolution between 1950 and 2006 in Mac¢do Municipality (2003)

In terms of age structure, in 2006, the inhabitants under 15 years of age represented 9.7%
of the total population while inhabitants more than 64 years old represented 36.8%. In
2008, the ageing index, i.e. the number of persons 60 years old or over per hundred
persons under age 15, was about 376. This situation has led to the increasingly aged
population, to problems in the generation replacement and to land abandonment (Figure

6).

Although illiteracy has decreased in recent years it remains very high with about 17.5%
classified as illiterate in 2001. In 2005, only 16% of the inhabitants were employed, and
they were distributed mainly in the secondary and tertiary sectors. The primary sector was
very important in the past, but it lost about 72% of the active population between 1960

and 1991. This sector is mainly re presented by small-scale farmers working on small
holdings. Agro-silvo-pastoral activities have become progressively abandoned, and this has
contributed to the low income generated by the agro -forestry sector.

The mean monthly earnings of employeesin2005were 0 6 50. 76 (respectively,
men and 0565.44 for women). l ncome for the entir
food crops, fodder, firewood, timber and also from old age pensions. Forestry represents

one of the major land uses in Macdo municipal ity despite losses due to several large fires in

recent decades. For example, between 1990 and 2001, about 60% of the forest area was

burnt.
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The main impacts of land degradation on local livelihoods are the loss of productivity and
soll fertility, water co ntamination, land abandonment, soil erosion, flooding, loss of
biodiversity and also social disruption. Undoubtedly, the major driver of land degradation
processes in this area is the occurrence of forest fires. Reasons for an increase in the
occurrence of fires are all linked to depopulation and ageing. They include: abandonment
of traditional agro -silvo-pastoral practices; monocultural forestry plantations (Eucalyptus
globulus and Pinus pinaster); accumulation of inflammable material in the plantations;
droughts; unsustainable management of forest (land tenure and land division through
partible inheritance; globalization and market forces; agricultural and environmental
policies, not only at the European (EU) level but also at national and local levels;
inadequate laws and lack of their implementation and control; low financial resources; and
poor access to financial support, among other issues. Reduction of forest fire occurrence
and the need for public and private partnerships to the sustainable managemen t of forest
represent the major challenges of land resource management in Mag&o municipality.

5. Institutional and political setting

Catastrophic forest fires in 2003 and 2005 gave rise to a growing of national and
international concern about environmental de gradation and consequent socio-economic
poverty. Magcdo municipality has benefited from the European Union Solidarity Fund and
from some financial assistance provided by the Swiss government. In addition, the AFN-
Autoridade Florestal Nacional (National Authority to Forest) has put a significant effort

into reforestation of burned areas. This has been achieved with the help of the AGRIS
programme (partly funded by the European Union), the FFP- Fundo Florestal Permanente
(Permanent Forest Fund) and the Municipal Project of Defence against Forest Fires,
financed by the Portuguese government.

Interest in reforestation is not a recent phenomenon. For example, the Forestry Action

Plan (1986-1993), the Forestry Development Plan (1994-98) and the EEC 2080/92 regulation
all promoted forestry. Some measures were taken to reduce forest fire risk, but the
probability of forest fires remains high. Nevertheless, the afforestation ethos remains,
although it does not take account of predictions of climatic change involving  the increased
likelihood of drought and therefore of fires. Furthermore, these efforts are confined to the
forestry sector, involving AFN (where the Portuguese UNCCD focal point is based) and the
Municipality of Mag&o. Other sectors have been excluded fro m the solution. This is an area
where DESIRE can play an important and decisive role, by measuring the impact of
alternative land management practices and of a higher diversification of economic

activities, taking into account the global change consequence s on the soil and ecosystem
degradation, namely the climatic change and socio -economic change implications.

The BasisLaw of Forest Policy (Law n.° 33/96 of August, 17) identifies the national aims to
the forest policy. Concerning this law and also the nat ional reality, it was developed in
1998 the Plan to Sustainable Development of the Portuguese Forest. This plan aims to
organize the forest functions and also to answer to major international issues about forest.
The National Strategy to the Forests appear s in 2006, aiming to promote the value of forest
goods and services.
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The organization of forest is made at the regional level through the PROFs Planos
Regionais de Ordenamento Florestal (Regional Plans for Forestry Management and
Planning) and at the ind ividual land ownership scale with the PGFdPlanos de Gestao
Florestal (Plans for Forestry Management), regulated by the Decree -Law n.° 204/99 of
June, 9. In 2005, it was created a new legal figure to forestry management the ZIF3dZonas
de Intervencéo Flor estal (Forestry Intervention Areas) was created with the aim to

promote and manage the forest areas in sustainable way, to coordinate the forest areas
protection, to reduce the conditions to fires, to coordinate the forest areas recovering

after fire and t o integrate the roles of the several entities (Figure 7).

Land Use Systems in Magéao, Portugal

Legend

[ ] FOREST INTERVENTION AREA
Land Use Systems

I ~GRICULTURE

I FoResT

I UNPRODUCTIVE

| ROCK OUTCROP

10,000 I V/ATER SURFACES

1Meters SOCIAL AREA

Figure 7 dForest Intervention Area & Land Use Systems in Macao Municipality

In terms of forest protection against fires, the National System to Prevent and Protect
Forest against Fires (Decree-law n.° 156/2004 of June,30) is approved in 2004, which
defines the measures and actions to prevent, combat and recover forest after fires. In
2006 is approved the National Plan to Forest Defence against Fires, which defines as its
strategic aims: i) an incr ease in the resilience of the land against fires; ii) reduction of fire
occurrence; iii) the improvement of fire -fighting techniques; iv) improved post -fire
recovery of ecosystems; v) adoption of an organic and functional structure to implement
the plan. At the local level, there is also a Municipal Plan to Defend Forest against Fires.
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6. Relevant end -users/ stakeholder groups (at all levels)

AFN- Autoridade Florestal Nacional (National Authority to Forest):

This body is part of the Ministry of Agricultur e, Rural Development and Fisheries. Its main
aims are to define a national forest policy and manage the forestry sector. It is actively
involved in DESIRE with local representation, mainly with respect to the prescribed fire
activity in Géis municipality a nd the promotion of Forest Intervention Areas (ZIF).
(http://lwww.afn.min  -agricultura.pt/portal )

UNCCD National Focal point:

The NAP (National Action Programme) to Combat Desertification has been appl ied since
1999, with 5 Pilot Areas. Mag¢ao municipality is one of these Pilot Areas. A close working
relation has been established during past years between members of the Portuguese
participants in DESIRE and the Portuguese UNCCD focal point.

Instituto da Agua (Water Institute):

This body is responsible for the implementation of the national water policy.
(http://www.inag.pt/ )

Autoridade Nacional de Protecgdo Civil (National Authority for Civil Protection):

Civil protec tion is organized at municipal, regional and national levels. In the DESIRE
project, civil protection is represented at the local level, where it is incorporated into
local government authorities. ( www.proteccaocivil.pt/ )

DRARC - Direcgdo Regional de Agrcultura e Pescas (Regional Department of Agriculture and
Fisheries for the Central Region).

This regional body is a branch of the Ministry of Agriculture, Rural Development and
Fisheries and supports the agriculture and fisheries sectors at the regional a nd local level.
(http://www.drapc.min __-agricultura.pt/ )

CCDRC - Commission de Coordenagdo de Desenvolvimento Regional do Centro (Commission
for the Coordination of Regional Development in Central Portugal):

is the regional government board with responsibilities for the environment and planning,
and with responsibilities for the management of EU and government investment in the
region. (http://www.ccdrc.pt/ )

Mag&o local government and municipal services:

Macao municipality has ultimate responsibility for the management of the district and its
resources, with an active role in the planning and management of the municipality
territory. Macéo local government has developed remarkable efforts in forest fire
prevention, detection and fire -fighting through its Forest Technical Office and Municipal
Civil Protection Services. This body has been collaborating on UAVR and ESAC research
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projects since the 1990s and is actively involved in the DESIRE project. (http://cm -
macao.pt)

Aflomacdo i Associagdo Florestal do Concelho de Macgao (Forest Association of Mag&o
Municipality).

This body was created in 2004 to promote the association between forest owners and to
create so-called Forest Intervention Areas. The involvement of this association in the
DESIRE project is very important since it establishes interaction between the municipality
and landowners. (http://www.aflomacao.pt/ )

University of Aveiro (UAVR) & ESAC:

The relationship bet ween these institutions and the local authorities has been established
for more than fifteen years and it has been built on and reinforced since 1992 through
several previous common research and development projects. ( http:/ /www.ua.pt &
http://www.esac.pt ).

7. Pastand on -going projects

Macao Municipality is one of the four Portuguese UNCCD pilot areas, where the main aim
is to establish strategies and actions to fight desertification and to m ake Macéo an
example of good practice at local, national and even supranational level.

Owing to the poor environmental and socio -economic contexts, the Macao area was

selected as a study area in 1992 for the IBERLIM Project (EV5\V0041 d &_.and management

practice and erosion limitation in contrasting wildfire and gullied locations in the Iberian

Peni nfl2p-8994) 6) in which the impacts of forest f
were assessed. For the same reasons it was also selected for study in later projects, as

detailed below.

The MEDCHANGE Project(ERBIC18CT97%-014760 Ef f ect s of | and use and |
practices changes on | and degradati on-20080)der f or e
and the MEDAFOR Project (ENV4CT970686 86 C 0 n s easp torethe mitigation of

desertification of EU policies affecting forestry activity: a combined socio  -economic and

physical envi r on me +2004)) allowgd p deeprankight intoldSgeadation

processes. The absence of good integration of end-users within these projects limited the

transfer of knowledge from the research to the operational level.

The Macéo area was also one of the study areas under the CLIMED Project (ICA32000-
30005 o ceffects of climate change and climate variability in water a  vailability and water
management practices in Western Mediterranean 6 ( 2200a)) in which flood risk and
drought strategies were evaluated, with special emphasis on the readiness of local
communities to face global change challenges.

FIREGUARD Project(QLK5-CT-2001-0078486 Moni t ori ng Forests at the N
Level for Fire Preve+2@b)on and Controld (2002

MacFire 0 Solution adapted from Track Tool - Fire system, specifically designed to fire
fighting and prevention by PLogP with the collaborati on of Macao Council.
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These studies have revealed how unprepared local communities are to face the challenges
that global change will pose for natural resource management and the restricted choices.
These earlier studies have so far lacked the overall persp ective needed of a wide range of
experiences so that alternative feasible sustainable solutions can assess Furthermore, the
participatory dimension of DESIRE is expected to produce more profound impacts than
previous projects, where the effective particip ation of the key actors and stakeholders was
not achieved.
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Study Site description 9 Gois / Portugal

1. Responsible IP partner
ESAC

2. General information

Location (coordinates) + map / Google Earth kml  -file
40U060626. 28O0MN657. 196 W
Map / Google Earth:

Gois)
Gois, Portugal ‘

/
. - Google

39°41'52.58" N 7°51'02.32"W Altitude de visualizagdo 772.92 km

Fig. 2 dLocation of Gois - Portugal [Source: Google Earth]

Size (km?): 0.08 (watershed size)
Main reasons for selecting this site/region

This is the only place, perhaps in the entire world, where you can test this specific
conservation technique (i.e. Prescribed fire) in a way that allows the measurement of
impacts at catchment scale

Participating local partner institutions
- Gois City Hall
- MADRRNational Forest Authority (AFN)

- Forest Producers Association of Gois
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Main language(s): Portuguese

3. Bio-physical description

Major natural resources av ailable in the study site area

All the information on these topics was acquired or is being acquired under the DESIRE
project.

Existing pract ices on land and resource uses

The area is used for goat grazing. The vegetation is composed by shrubs that are burned
from time to time by prescribed fire to provide new pasture.

Existing practices on water resources

I n nearby areas used for a primary agriculture,
gravity floodin g irrigation technique.

Existing uses of Forest resources?

The area under study is a communal land that was forested in the 1930s 9 1940s, and then
burned down several times from the 1970s onwards. At the beginning of the 1990, it was
transformed in shrub land for grazing and burned down using prescribed fire techniques.

Strengths of existing land use practices

A more conservative land use, used to prevent the progression of forest fires, foster
economic and ecological diversity.

Weaknesses of existing la nd use practices

The major problem in the area is the recurrence of forest fires that destroy everything and
produce unsustainable conditions, | imiting the |
|l adeni ferousé | and us e oftdédgeadation.s t he wul ti mate deg

Major degradation issues due to the use of natural resources

Enhanced soil erosion and loss of sail fertility at the medium and long range. Biodiversity is
doomed to decrease sharply after several consecutive fires.
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4. Socio -economic descript ion
Population density, as well as structure (by age, by sex ratio)

The Population density is 17.1 inhabitants per square kilometer. A high percentage of the
population (31.9%) is >65 years old and women represent 57% of the population. The aging
index is 172.6

Level of education

People that cannot read or write represent 20.7% of the population. 1.2% of the
inhabitants hold a university /polytechnic degree, and most of the people have just a basic
formation. Only 10.1% hold a secondary school degree.

Level and source(s) of income main stakeholder groups

With more than 30% of people >65 years old an important part of the income comes from

soci al security, that also provides the 0Soci al
difficulties. Forestry , b eekeeping and grazing are the main resources explored in the

region. Adventure tourism starts to have a role, together with some rural guest houses.

Major livelihood supports available from the resource base listed above

An important part of the income co mes from the social security. Timber has decreased
their importance due to the profusion of forest fires, and in recent years, grazing and bee
keeping have started to become increasingly important.

Impacts of land degradation on the livelihood of people a  nd what groups are most
affected?

The Municipality has lost almost half of their population since 1960, especially in the small

mountain hamlets. This coincided with the increased occurence of forest fires. The

previous system (that was becoming degraded), based on a multiple activity including poor

agriculture, forestry and grazing management practices, was replaced by forestry, and

with less people to manage, forest fires started to become an important degradation

factor, mainly due to their recurrence. This resulted in overall soil degradation that often

ends in large areas covered by Cistus ladaniferus (L.) 6 ( 0 est evad) that repr
ultimate degradation before complete soil erosion.

Major challenges of existing land resource management?

The major challenges are to reduce forest fire occurrence, economy diversification and
income increase to prevent the emigration of the inhabitants to the cities. Landscape

diversification and more assertive forest management strategies and tools are also
required.

Major drivers of main land degradation processes

Depopulation and consequent changes of landscape management, that resulted in the lack
of control over the biomass accumulation. The change in management strategies and
practices resulted also in the inexi stence of breaks in the forest landscape.
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5. Institutional and political setting
Existing institutions involved in natural resource management and desertification
1 National Level:

- National Authority to Forest (Ministry of Agriculture, Rural Development and
Fisheries)

- National Action Plan for Fighting Desertification (Coordination Commission)
- Nacional Service of Firemen and Civil Protection (SNBPC)

1 Regional Level:
- Commission for Coordination for Regional Development - Centre

-  MADRPGS Regional Department of Agriculture and Fisheries of the Central Region
(DRAPC)

T Municipal Level:

- Forest Technical Office (Town Hall)

Existing civil societies (CS), and traditional organisations

NGO on baldiosd Comissao dos Penedos

Existing laws and policies for land and water res  ource management (
- Lei de Bases of Forest Policy (Law n.°33/99, 17 August)
- National Strategy to Forest (ENF)
- National Action Plan to Fight Desertification
- National Plan to Protect Forest against Fires
- Regional Plan to Forest Planning (PROF)
- Plan of Forest Management (PGF)
Extension and training (availability and adequacy)

- Forest sappers
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Study Site description - Italy/Rendina basin

1. Responsible IP partner

Partner. CNR- IRPI - partner No. 8
Study Site DESIRE No. 3: Rendina (Basilicata) Italy

Site Coordinator dLorenzo Borselli

Other contributors: Pilar Salvador Sanchig, Devis Bartolini*, Dino Torri ™.

Consiglio Nazionale delle Ricerche, Istituto di Ricerca per la Protezione idrogeologica, - CNRIRPI
Via madonna del Piano 10, 50019 Sesto Fiorentino (Florence), Italy. www.irpi.fi.cnr.it

Web: www.irpi.fi.cnr.it

e mail: borselli@irpi.fi.cnr.it

2. General information

1 Location map / Google Earth kml -file
Coordinates: UTM , WGS84, zone 33N
upper left corner: 4 543166 N, 550356 E
lower right corner: 4523186 N, 583602 E

Size (km?): 410

Main reasons for selecting this site/region

The chosen area presents a series of characteristics that makes it different from all the

other sites (this will be made clear late rin the text). First of all the reasons why it was

proposed are:

1) climate conditions in the Rendina catchment are moving from the prevailing humid to
subhumid conditions towards subhumid / semiarid conditions;

2) the surrounding area is (subhumid)-semiarid at present and is moving towards semiarid -
arid, even arid conditions;
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3) the Rendina is the one place where a good amount of good quality water can be
collected for drinking and irrigation purposes now and in the near in the future if the
catchment is well mana ged.

Consequently, the Rendina catchment is a strategic catchment because of the essential

role it will play in mitigating the effect of global warming and desertification in the
surrounding areas, under the condition that it is well managed and its funct ions conserved
and improved. Hence the present situation in the Rendina basin is not one of

desertification but of degradation, mainly due to excessive sediment production and
agricultural mismanagement . The catchment of the Rendina reservoir is an area wh ere
desertification has not yet shown dramatic negative effects, also because irrigation and
water storage in the reservoir mitigate it. At the same time, saving water quality in the
whole catchment requires a catchment approach, which may be complemented by a field -
size approach if needed. The former is necessary and the latter is probably advisable but
not strictly needed.

Good quality water springs from several places around the Vulture volcanic complex in the
altitude belt between 400 and 600 m asl; th e mountain peaks are about 1300 m asl. Many
areas are potential sources of good quality overland flow water.

Some of the soil provinces display fertile volcanic soils (see section C for a summary soil
description). However, the basin lowlands are close t o semiarid conditions, and irrigation
is needed for crops to survive the dry summer spell. The situation is worsened by the fact
that the Ofanto river (the main water course of the area, of which the Rendina catchment
is a tributary) is overexploited and s ubject to episodes of intense pollution even if the
present policy is more respectful of the environment. While many actions have been taken
to modify the situation, the importance of the Rendina reservoir seems to grow more and
more as the climate continu es to change and temperature to rise because Mount Vulture
and the Rendina reservoir represent the best water stock of the area and the one that can
really mitigate the desertification process in the area itself and in the downstream Ofanto
valley.

The Rendina reservoir utilization and management is under the responsibility of the
Consorzio di Bonifica del Vulture e Alto Bradano. This Consortium has a Council in which
farmers and farmer unions participate, so that decisions are ultimately taken by farmers.
Data available at the moment tells us of a very high rate of sediment trapped in the
reservoir each year, corresponding to 10 -13 Mg/km?/yr of sediment yield corresponding to
a higher erosion rate at plot scale and a unsustainable sedimentation rate in the reservoir
(7 M m® presently stored in the reservoir).

The situation will further worsen in the near future if a further increase in temperature is
taken for granted. The area where volcanic soils with andic properties are present lies
along the Vulture slopes. The main towns and most populated areas are at the bottom of
the slopes. Hence there is a potentially very risky situation if forest starts degrading. Some
trees such as birch and conifer plantations are at the limit of their respective habitats and
2 degrees of temperature increase will push their roots into the sky. Chestnuts will have to
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be helped climbing the mountain while oaks or other drought -resistant species will have to
be used to replace lower altitude chestnuts. There is at present a part icular combination
of factors that produce oscillations of the temperature (minimum of solar activity and

North Atlantic Oscillation (NAO) towards low temperatures), bringing the global warming to
a momentary stop locally. When NAO will starts rising agai n the temperature rise will be
unprecedented. If this combines with the incapacity of local people to understand the
consequences of global warming, forests will be at stake and Mount Vulture will become a
source of sediment (water erosion) and surface mas s movements with fast mud and debris
flows. Apart from obvious human and social consequences (including deaths), the capacity
of the system to keep present refilling rates to the water tables nourishing the springs
around Mt. Vulture will decline, thus inc reasing the severity of desertification processes in
the surrounding areas.

Participating local partner institutions

The first and major users involved in the problem are the Consorzio di bonifica del Vulture

e Alto Bradano (CBV) and the Autorita di Bacin o del Fiume Ofanto, which coincide with the
Autorita di Bacino della Puglia(AbP). They have shown an immediate interest in the DESIRE
project: the CBV has actually partly supported the first meeting held in February 2008 and
workshop in November 2008.

Same information on the two main stakeholders is given in Chapter 6.

Main language(s): Italian
3. Bio-physical description

Major natural resources available in the study site
Situation: a large watershed of 410 km? with complex physiographic, geomorphological ,
geological and pedological settings.

Physiographic setting of the plots

The main physiographic units in the basin are :

complex mountain slopes, slightly to moderately steep

ancient terraced alluvial cone, slightly steep

mountain slopes, moderately to sl ightly steep

ancient Pleistocene conglomerate deposits characterized by with flat summit
surfaces and cliffs

alluvial floodplains of the Ofanto river and Venosa torrent, almost flat

fluvio -lacustrine terraces with strong incision by the Venosa torrent, nu merous flat
surfaces (fluvio -lacustrine flats)

1 complex mountainslopes, steep to moderately steep

T undulating hillslopes

= =4 —a -

= =
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Figure 2: Rendina basin (Basilicata region): wheat Figure 3: Recently burned area (dark upper part of
fields and degraded pasture (Sept. 2008) the slope) close to the Rendina reservoir (Sept. 2008)

e g T DA

Figure 4: Wildfire i n rangeland produced by residue  Figure 5: Intense rilling (Sept. 2008)
burning activity 0 close to Rendina reservoir (sept.
2008)

w
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Figure 6: Connectivity effects and deposition Figure 7: Concentrated water erosion at fie Id
close to a riverbank (sept. 2008) border before residue burning activities (sept 2008)
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l @ Soil map 1:250.000:

It contains basic soll
information as: type,
texture, depth,

fertility, mapunit
(indicated here as
numerical code (6-7-
9-11-14)

Source:
E. A. C. Costantini, F.
Bl Urbano, G.SOLL6Abate.
7 REGIONS OF ITALY
5 Www.soilmaps.it
Podis Basilicata
http://basilicata.podis.i

t/c tr/ctr2.phtml

0 3 6 12 Kilometers
Soil Map I cutric Cambisol
leg_pesera I Fuvi-Eutric Cambisol

[ ] Ando-Dystric Cambisol [ Luvic Kastanozem
- Calcaric Cambisol - Luvic Phaeozem
- Calcaro-Pellic Vertisol - Peliic Vertisol

[ ] calcic cambisol [ verti-Haplic Phaeozem
l:' Calcic Kastanozem |:| Verti-Luvic Phaeozem

I:I Rendina Basin Boundary

Figure 10S o i | map of Rendina Basin (
Source:
E. A. C. Costantini, SoOIlLRE3ANE OBITALC

www.soilmaps.it
Podis Basilicata http://basilicata.podis.it/ctr/ctr2.phtml
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Geological information

The main formations and lithology in Rendina basin consist of :

alluvial and colluvial sediments, with clayey and sandy granulometry
Monte Marano Sands, Irsinia conglomerate (Pleistocene)

fluvio -lacustrine deposits with large amount of pyroclastic materials
pyroclastic colluvial deposits.

sandstones and marls

pyroclastic deposits and acid volcanic formations

guartz -arenite with thin clayey layer

clayey slate and marls (varicolored clays complex)

=4 =4 =8 =8 -8 -8 -8 -9

Annual rainfall a nd seasonality

Annual rainfall is 500 mm with two rainy seasons, from October to November and March to
May. Evaporation is up to 1100 mm annually. BG aridity index is 65. The Rendina
catchment is shifting from humid to subhumid prevailing conditions towa rds more
subhumid / semiarid conditions. The surrounding area is (subhumid) -semiarid and is
shifting towards semiarid -arid.

Main land uses:
arable lands,(60%)
herbaceus crops,(4%)
urban areas (2%)
olive-groves (13%)
vineyards(1%)
uncultivated land, per manent meadow, shrubby natural vegetation (3%)
woodlands dominated by chestnut tree, pasture (very steep surfaces), woodlands
dominated by deciduous forest (oaks). (16%)
9 others (2%)
Crops (and rotation) : prevalent wheat crops - fallow (in rotation) d&olive orchards ,
vineyards

=A =4 =4 -4 4 4 -4

Crop calendar & tillage practices : mechanic tillage is done in September/October, sowing
October/November; pesticide application in March. Harvest (mechanical) in July, burning
of residues from July to October.

Natural vegetation, mai n types and species composition

Mount Vulture is covered by forests varying from birch forests to areas characterized by
chestnut forests (cultivated, for wood and chestnut production) and oak. Some plantations
of conifers are also present but in very poo r conditions. Forest undergrowth consists of
broom, thorny bushes such as wild roses and blackberries, ferns. Eucalyptus is also present
along channels and roads, still with thorny bushes.

Stocking density of animals : in pasture - farms and/or under contr olled grazing in
deciduous forest: maximum 50/km 2
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0 3 6 12 Kilometers

Land Use
Original Use; Description; Pesera USE
- 1; Urban fabric; 100
211 ; Non-irrigated arable land; 210
- 2121, Permanently irmgated land; 210
2212; Not Irfigated vineyards; 221
I 2222; Not Imigated fruit and berries plantation; 222
2231; Imigated olives groves; 223
- 2232; Not Imgated olives groves; 223
231; Imgated pastures; 231
242; Complex cultivation patterns; 240
- 243; Land principally occupied by agriculture, with significant areas of natural vegetation; 240
- 3, Forest and semi-natural areas; 310
5, Waterbodies; 400

E Rendina Basin Boundary

Land Use map of Rendina Basin

Land use management and degradation processes.

The main land use and management practice is the intensive use of arable land for cereal
production (more than 60% of the e ntire area), characterised by burning of the residue
before the successive deep tillage operations and sowing. Rotation is not practiced on a
regular basis, as it depends on the global market dynamics year by year (high revenues =
no fallow).

Irrigation is limited to seasonal crops as maize and horticulture in flat areas. Another
important use of water is domestic. But most important is the use (better described as
exploitation or mining) of springs and aquifers of Mount Vulture for bottling mineral water
for national and international markets.

Forest resources are mainly intended to protect the aquifer exploited by the mineral
water industry and as production area for chestnut. Also part of forest resource (mainly
deciduous forest) is used for firewood pro duction under periodic controlled selective

cutting.
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E Zone baschive

Zane 3 vignelo e uliveto
Sistemazione a “girapoggio,,
.
e

Historical land use map - 1963- by Cotecchia and Lonoce (1963): legend Zone boschive
(woodlands); Zone a vigneto e oliveto (Vineyard and olivejards); sietemazioni a gira poggio
(terraces); zona a semina tivo cerelicolo (arable land  dcereals); eroisone e calanchi (intense
erosion processes and calanchi (badlands)); zone franose( landslides); erosione di sponda
(river bank erosion)

Economically the arable land (mainly cereal crops) can provide an acceptab le income but
this depends on the global market dynamics and on the availability and amount of (EU)
subsidies. The present way of managing the extensive cereals crops appear not sustainable
in the area because of the associated intense degradation. Even ol ive groves, despite the
perennial cover of trees, are extremely poorly managed, with bare, fine seedbed -like soil
surfaces in late spring, summer and autumn (intense tillage erosion and water erosion,

with cases in which olive trees are rooted in 15 -20 cm of sail, just above the tephra.

The main problems at watershed scale related to soil degradation and desertification are
illustrated by the intense soil erosion process (both diffuse and concentrated in arable
land, vineyards and olive orchards), diffuse m ass movements and soil slips , river bank
erosion, soil erosion by tillage, loss of natural drainage systems, large sediment source
areas (soil erosion evidence up to 1cm/year in olive orchards for water and tillage erosion
and up to 2 cm/year in steep slo ping arable land), and high connectivity between the
primary source of sediment and the drainage network. Land levelling for new vineyard
plantations and periodic reshaping of arable land affected by frequent shallow mass
movements complete the panorama of the processes contributing to degradation.

The historical data of sediment export from the two main rivers bringing water to the
Rendina reservoir and data on sedimentation inside the reservoir indicate that erosion is
far above sustainable levels. But d ata do not tell anything about the distribution of eroded
spots inside the catchment. Systematic surveys of the catchment, with erosion monitoring
along the whole of it and generation of maps of erosion for the whole basin will allow us
to understand what is needed to reduce soil degradation and reservoir siltation.
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4. Socio -economic description

Population density and structure

The old age index (population with age >65 / total population = R, %) is 16.2% for male
population and 20.3% for females (with a net increasing trend in the last 30 years). The
population density (people / km ?) is 60 (for the whole of Italy: 191);

The population growth rate (% per year) is 0.2% and locally in many small municipalities
even slightly negative. 2% of the resident populat ion are citizens from outside EU (mainly
Albania and Morocco) or newly accessed EU countries (Romania).

Level of education

For the whole Basilicata Region, 97% has a secondary school degree, and the overall
participation at high schools is 90% (people aged 14-15 at the end of secondary school). In
2007 14% of people with age between 18-24 had a secondary school degree only. 34% of
the population above 19 years has a High school degree. Emigration has been an important
socio-economic phenomenon and problem during the XX century. Now there is a diffuse
emigration mainly towards Northern and Central Italy and mostly among the 25 -35 year
old part of the population, with high education level and university degrees. That

indicates the absence of local employment o pportunities. The GDP (Gross Domestic
Product) of the Basilicata Region depends only for 4.4% on agriculture, 15% on industry
and further on the tertiary sector (commerce, construction, services, tourism). It is to be
noticed that tourism is low compared t o other regions of Italy. The average annual income
per per sld.n8l,which is bout 2/3 of the average Italian income.

Level and source(s) of income main stakeholder groups

The income of the main stakeholder groups is from the resource base and fro m off -farm
labor or from family members in towns or abroad (big FIAT factory and other related
activities very close to the Rendina Basin).

Major livelihood supports available

1 wine (higher source of income but restricted to a limited number of local farm  er
(2000 ha for D.O.C.G Aglianico);

9 cash crops (cereals also sustained by CAP subsidies);

1 olive: traditional cultivation for oil in a large portion of the area

1 fodder: mainly in rotation with cereals

1 firewood: limited importance

1 chestnuts (developed woodland cultivation for D.O.P. EU recognized production)

1 agritourism (limited in very few farms and not so well developed as in other regions
of Central - Northern Italy)

Impacts of land degradation on the livelihood of people

At present the land degradation p rocess only partially affects the productivity and the
incomes. The incomes of many farmers are also sustained by the CAP with direct payments
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to farmers, while intense mechanization can prevent permanent damage and loss of
arable land caused by intense erosion processes and landslides. The landslide processes,
diffuse and frequent in the central part of the study area (where soils formed on clay

shale and Flysch formations prevail), are conflicting with periodic land levelling just

before tillage and seedi ng in October. This operation has a cost but is generally sustained
directly by many farmers that have special tools for land levelling operations. The

abolition of CAP subsidies may pose severe difficulties to many farmers because CAP and
other subsidies provide a basic income in the farming activities (in particular for arable
land).

Major challenges of existing land resource management

The CAP prevents the establishment of concrete soil conservation strategies. Only a big
change in the regulations and t heir application and control can invert the present trends
towards environmental degradation (see next paragraph).

Major drivers of main land degradation processes
Weak or wrong institutional support and controls related to CAP implementation.

5. Institution al and political setting

The reference rules for application of CAP inside region Basilicata are the application rules
produced European, National and by Regione Basilicata:

1 Regolamento (CE) n. 1698/05 (EU ),
1 DM n. 12541/2006( Italian Government)
1 D.G.R.n. 2214 del 29.12.2008 (Regione Basilicata).

The latter contains the regulation to apply the CAP for 2009. The CAP has a malicious
effect on the environmental degradation processes in the Rendina Basin. On the one hand
we have the direct payments to farm ers, at the condition of application of a set of best
management practices such as: measures against concentrated erosion and against the
loss of soil fertility and organic matter.

Regione Basilicta produced rules to apply the EU directives for CAP(see above) but at

the same time produced , eacderyoegihiend | ptlat etandéf di
all ows, under given conditions, to the far mer (
management practices.

For example the burning of residues is forbidden b y EU directive and national rules to
prevent the loss of organic matter, but each year a dispensation rule is produced that
allows that, including special rules how to perform the burning of residues in August -
September. Similar contrasting rules and dis pensations are published in the official
Bulletin of Regione Basilicata each year ( BUR n. 3 del 26.01.2009. Also important is the
control of the implementation of CAP by national authorities.

The control of farmersodo dec/!| geardyyeaobythe dfatonal CAP s ult
agencies. These controls are accurate but these kinds of controls prevent the application

of regional rules for best management and .for erosion prevention. For example to

prevent erosion the establishment of contour grass str ip inside the cereals field is
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suggested. But the farmer candt decl are the pres:c
surface in steep lands) in the declaration for CAP subsidies, and hence the reduced

surface sown, because there is the risk of being acc used of a false declaration for CAP

subsidies, with the consequence of rejection of the annual subsidy.

The presence of some additional basic conservation measure cannot be included in the
calculation of sown surfaces to obtain the CAP subsidies.

6. Relevan t end -users / stakeholder groups (at all levels)

The first and major users involved in natural resource management and desertification are
the Regione Basilicata, in particular the regional agency ALSIA, Consorzio di bonifica del
Vulture e Alto Bradano (C BV) and the Autorita di Bacino del Fiume Ofanto , which coincide
with the Autorita di Bacino della Puglia(AbP) . The first two showed an immediate interest
in our project. They are our main two stakeholders at watershed scale.

] ALSIA (Agenzia Lucana di Svilppo e di Innovazione in Agricoltura) o Department of
services for agricultural development , Experimental Farm GAUDIANO, SS.93 Km
445 GAUDIANO (PZ)Email: azienda.gaudiano@alsia.it; Website:
http://www.alsia.it . ALSIA is main regional agency of the Basilicata Region for the
agricultural and food processing system and responsible for extension services and
completion of Agrarian Reform. The role of the agency has b een established by
Regional Law n. 38/96, and integrated by other regional Law: No. 21/98, 61/00 and
29/01.

1 Consorzio di Bonifica Vulture - Alto Bradano; Piazza S.M.Assunta- 85020 Gaudiano PZ.
E-mail: consorziobonificavab@libero.it. Public consortium. Total surface: 2000 km2
(including Rendina Basin). Public institution, established under National Law (regio
decreto 13 febbraio 1933 n. 215) to coordinate public intervention and private
activities in ma tter of land reclamation. Competences of the consortium are
Hydraulic structures, and Water management for irrigation. The consortium is
responsible for the management of the Rendina Dam (Lavello PZ).

Local technical (agrarian/environmental) schools conta cted for dissemination activity
(seminars initiated in the 2008) :

1 Agrarian and Environmental Professional Insitute. Genzano di Lucania (Potenza) Italy
9 Agrarian Technical State Institute Lavello (Potenza) Italy

Land users: there are several local repres entatives of the national farmer association and
farmer s unions working locally to support assoc

1Wenoticeddur ing meetings with farmerdés unions (June and Seyptember 20
low: they declared themselves not available for meetings, questionnai res and other time -keeping activities at least until the

end of 2007 (Year Of Desertification ), claiming that they were already under much too pressure to accept further  activities .

We decided to leave the problem aside and wait for users to change attitud e. In order to achieve some sort of surrogate f or

the deliverables of the missed meetings we contacted and interviewed a series of farmers in an informal way, sometimes in
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agricultural development and promotion of local production, technical, legislative, fiscal
assistance, EU policy implementation and relationships with National and regional
authorities and policies. The main farmer associations are:

1 CIA (Confederazione ltaliana Agricoltori): Italian farmer association with 900.000
members at national level and with capillary distributi  on at local regional scale.
Founded in the 1977. Local representative is CIA-BASILICATA,; Via Pascoli, 25 , 85024
Lavello http://www.ciabasilicata.org . A branch of CIA is AGIA-Associazione dei
Giovani Imprenditori Agricoli (young farmers association; www.agia.it )

1 COLDIRETTIWww.coldiretti.it ): Italian farmer association at National level and with
capillary distribution at local regional scale. Founded in the 1946. Based fundamentally
on Christian Catholic principles.

T COPAGRI (Confederazione Produttori Agricoli):
that has regional and provincial distribution in Basilicata
(http://www __.ssabasilicata.it/ COPAGRY) .

7. Pastand on -going p rojects

Before the DESIRE Project, the area was partially unknown for many of the topics on
erosion and soil degradation processes at the level of detail in which the DESIRE project is
involved (field scale) . The research done related to desertification process has been
performed at national/regional level, producing regional maps of desertification risk
(Ferrara et al. 2005) at scale 1:700.000 - 1:1.000.000 (DESERTNET
http://www.basilicatanet.it/desertnet/ ), based on mainly the MEDALUS methodology
developed by Kosmas et al. (1999).

Currently the IMAGE Project (www.projectimage.eu ) is working in the Basilicata pa rt of the
Ofanto valley that includes the Rendina study site. Objective of this projectis  to defining
an integrated strategy for water resource management which coordinates the players
involved at: administrative/political scale; management/distribution s cale; end-user/local
community scale. For each level, specific strategies to combat drought, salinization and
desertification are needed. The development of a Water and Rural Development Support
System (WARDSS), a welbased open-source software, will assist institutions in decision
making processes on sustainable use of natural resources and rural development. At the
moment of writing (March 2009) the partial or definitive results of the project are yet not
available for the public. The coordinator of the I mage Project (Dr. Gianni Quaranta) is the
other Italian partner in the DESIRE Project.

the field. Only in December 2007 we observed a change of attitude when the president of the Associazione dei Giovani
Imprenditori Agricoli (AGIA) of Basilicata declared interest in our work. Consequently, we started the organization of a
meeting with selected users (February 2008 and November 2008) dedicated to find ways to r aise the inte rest of a larger
group of users (including farmers) towards our efforts (workshop realized also with the support of CBV and ALSIA).
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Previous activities by the CNR-IRPI in the Rendina site were limited to geomorphologic and
geological mapping relative to the slopes of the hydrographical right side of the reservoir.
Only some data on sediment yield were available for the period 1953 -1983. Land use maps
are available from Italian scientific literature published in 1963 and 1988. The details of
these maps allows only approximate quantitative comparison w ith the present land use
distribution, but they allow an immediate idea of the expansion of arable lands since 1963
due to land levelling of badlands areas and the establishment of cereal crops in previous
marginal lands (approximate 10% of. the entire wa tershed).
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Table 1. Soil characteristics in Rendina Basin : Soils classification WRB 98:
Soil landforms geology land use soils Classificatig
province
14.5 alluvial plain sandy clayey arable lands, [1] deep soils, root development limited by [1]Petric Calcisols
sediments and silty rotational crops, petrocalcic horizon, alkaline pH, gravel scarce to nd
sediments orchards absent, fine loamy to coarse loamy texture, poorly a
drained, moderately to lo w permeability [2] Eutri-Fluvic Cambisols

areas of recent

evolution [2] very deep soils, fine loamy texture, gravel
scarce to absent , non calcareous to slightly
calcareous, calcareous in depth, alkaline pH, well
drained, moderately low permeability
14.3 complex alluvial and colluvial arable lands, [1] very deep soils with vertic properties, calcic [1] Eutri-Vertic Cambisols
mountainslopes |sediments, with rotational crops, horizon over 1 meter thick, gravel scarce to
slightly to clayey and sandy orchards absent, fine loamy to fine texture, non calcareous
moderately steep |granulometry at the top, very calcareous in depth, slightly
alkaline, high TSB, low permeability, well to
moderately well drained
14.4 ancient terraced |sandy-clayey deposits |arable lands [1] very deep soils with calcic horizon, gravel [1] Calcic Luvisols
alluvial cone, scarce to absent, fine loamy to fine texture,
slightly steep weakly calcareous, slightly alkaline at the top, very

calcareous and alkaline in depth, high TSB, well
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drained, moderately low permeabil ity

11.2

mountainslopes
moderately to
slightly steep

Monte Marano sands,
Irsinia conglomerate
(Pleistocene)

arable lands,
vineyards, natural
vegetation

[1] deep soils with mollic epipedon and argillic
horizon overhanging calcic horizon, coarse loamy
texture at top, fine texture at the argillic horizon
and coarse loamy to sandy texture in depth, gravel
scarce to absent, weakly calcareous at the top,
very calcareous in depth, alkaline at the top, very
alkaline with increasing dep th, high TSB, medium
permeability, poorly drained

[2] deep soils, coarse loamy texture at top and
sandy in depth, gravel scarce to absent, very
calcareous, moderately calcareous at the top,
alkaline at the top and very alkaline in depth, high
TSB, high permeability, well drained

[1]Luvic Kastanozems
and

[2]Eutric Cambisols

111

ancient
Pleistocene
surfaces, with
flat summit
surfaces slightly
steep
conglomerated
Pleistocene
deposits

Monte Marano Sands,
Irsinia conglomerate
(Pleistocene)

rotational arable
land, olive -groves,
irrigation crops,
vineyards,
uncommon natural
vegetation

[1] very deep soils with moderate vertic properties,
gravel scarce to absent, calcic horizon in depth,
superficial dark horizons, fine texture, non
calcareous at the top, very calca reous with
increasing depth, neutral pH at the top and
alkaline in depth, high TSB, moderately low
permeability, poorly drained

[2] eroded phase: deep soils, gravel abundant,
vertic properties absent, fine texture in depth

[3] deep soils with vertic prope rties, with
accumulation of secondary carbonates within a
meter of depth, very fine texture, but the clay

[1]Luvi-Vertic
Kastanozems

and
[2]Luvic Kastanozems
and

[3] Calcic Vertisols
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content tends to decrease in depth, non calcareous
at the top and very calcareous with increasing
depth, gravel scarce to absent,, alkaline pH,
strongly alkaline pH in depth, high TSB, low
permeability, poorly drained

14.7 alluvial sandy and stony arable land, [1] very deep sails, very calcareous, coarse loamy [1] Eutri-Fluvic Cambisols
floodplain of sediments uncultivated land, or sandy texture at the top, sandy from about 70
Ofanto river and uncommon riparian | cm of depth, gravel scarce to absent, strongly and
Venosa torrent, vegetation near the |alkaline pH, sometimes very strongly alka line pH in |[2] Calcaric Phaeozems
almost flat river the substratum , well drained, high permeability,
low flood risk and

[2] very deep soils with mollic epipedon, moderate [3] Calcari-Arenic Regosols

content of organic matter, coarse loamy to fine
loamy, gravel scarce to absent, weakly calcareous,
very calcareous in depth, alkal ine pH, well drained,
low moderate permeability, sometimes with flood
risk

[3] soils with minimal development and frequent
flood risk , coarse loamy texture in the ploughed
horizon, sandy texture with increasing depth, very
calcareous, without gravel to over 1,5 m,
sometimes followed by an horizon rich in gravel,
alkaline pH, excessively drained, high permeability

14.2 fluvio -lacustrine | fluvio lacustrine arable land, [1] very deep soils with mollic epipedon, argillic [1]Luvi-Vertic Phaeozems
terrace with high |deposits, largely permanent meadow, |horizon with moderate vert ic properties, gravel
incision of the pyroclastic materials | shrubby natural scarce to absent, fine texture at the top and fine and
Venosa torrent, loamy texture increasing with depth, non
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numerous flat
surfaces (fluvio -
lacustrine flat)

vegetation

calcareous, neutral pH at the top and slightly
alkaline in depth, high TSB, very low permeability,
well drained to moderately well drained

[2] soil with vertic properties, with calcic horizon
up to 1meter of depth, moderately deep limited by
gravel rich horizon and accumulation of carbonate
concretions, fine loamy texture with gravel scarce,
non calcareous at the top, alkaline pH, high TSB,
well drained, moderately high permeability

[2]Calcic Vertisols

9.2

long to
moderately long
mountainside of

steep, prevailing
exposition East
to North -East

pyroclastic colluvial
deposits

woodlands
dominated by
chestnut tree,

[1]very deep soils, fine loamy texture or coarse
loamy texture in depth, gravel scarce to common,
organic matter about 3 %, me dium CEC and TSB at

rock horizon (pyroclastic material), coarse loamy
texture, gravel scarce to common, neutral pH, low
content in organic matter (about 1%), medium to
high CEC, high TSB, high permeability, excessively
drained

[3]very deep soil, fine loamy to coarse loamy,
gravel scarce to absent, low bulk density
(frequently less than 0,9 g/cm 3), slightly acid pH
at the top, neutral in depth, high content in

organic matter (8 -10 % in top horizons, 3-4 % in
depth horizons), very high CEC, very low TSB, high

[1] Luvic Phaeozems

Vulture pasture (strongly the top, medium to high CEC and TSB in depth, and
Mountain, steep surfaces), neutral pH, moderately high permeability, well ] ]
sometimes meadows, arable drained [2]Eutric Cambisols
slightly to land, olive -groves, S )

gnty . g [2] moderately deep soils, limited by consolidated and
moderately vineyard

[3]Dystri -Andic Cambisols
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permeability, well drained

9.3

flat surfaces with
largely volcanic
origin at
footslope of
Vulture
Mountain, flat to
slightly steep
surfaces

pyroclastic colluvial
deposits, as well
fluvio -lacustrine
deposists

arable land,
permanent meadow,
oliveyards,
vineyards, shrubby
natural ve getation
(incisions of the
drainage network)

[1] very deep sail, fine loamy texture to coarse
loamy texture, gravel scarce to absent, low bulk
density (frequently less than 0,9 g/cm 3), slightly
acid pH at the top, neutral in depth, high content

in organic matter (8 -10 % in superficial horizons, 3-
4 % in depth horizons), very high CEC, very low
TSB, high permeability, well drained

[2] very deep soils, fine loamy texture or coarse
loamy texture at the top, and coarse loamy texture
to fine loamy texture in dept h, gravel scarce to
absent sometimes frequently, mollic epipedon,
moderately organic matter (about 1.5%), medium
CEC, high TSB, slightly alkaline pH, moderately
high permeability, well drained

[3]deep soils to very deep soils, coarse loamy
texture at the top, gravel scarce to absent,
alkaline pH in depth, medium to high CEC, high
TSB, high permeability, excessively drained

Dystri-Andic Cambisols
and

[2]Luvic Phaeozems
and

[3Eutric Cambisols

6.4

undulated low
hillslopes
surfaces,
mountainslopes
with very
variable slope

sandstones and marls

woodlands,
meadows, arable
land on moderately
steep footslopes

[1] very deep soils, coarse loamy texture to fine
loamy texture, gravel scarce to absent, non
calcareous, neutral pH or slightly alkaline pH, high
TSB, wdl drained, moderately low permeability

[2] similar to previous soils, very deep soils, fine
loamy texture at the top and coarse loamy texture

[1]Eutric Cambisols
and

[2Eutric Cambisols
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in depth, non calcareo us, slightly alkaline pH,
alkaline pH in depth, high TSB, low CEC,
moderately well drained, moderately high

permeability
6.3 complex quarzt-arenite with Woodlands, [1] moderately deep soils, limited by massive [1] Eutric Cambisols
mountainslopes, |thin clayey lay er meadows and horizon, coarse loamy texture to fine loamy
steep to uncommon arable texture, gravel scarce to frequent, non calcareous,
moderately steep lands neutral pH, sometimes slightly alkaline pH in

depth, high TSB, sometimes medium at top, well
drained, high to moderately high permeability

7.3 undulated clayey slate and marls |common arable [1] very deep soils, mollic epipedon, moderately [1]Luvi-Vertic Phaeozems
hillslopes (varicolored clays lands, meadows and | high organic matter content sometimes high
complex) woodlands are content, argillic horizon well developed, fine and
present at high texture, gravel scarce to absent, moderate vertic [2]Calcaric Regosols
altitude properties, very weakly calcareous, neutral pH at
top to alkaline pH in dept h, low permeability, well
drained

[2] very deep sails, fine texture, frequent gravel,
very weakly calcareous to moderately calcareous,
alkaline pH, poorly drained, low permeability
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Study Site description 0Crete / Greece

1. Responsible partner

Contractor: Agricultural University of Athens
Responsible scientist : Ch. Karavitis

Scientific Staff : C. Kosmas Or. Kairis, K. Kounalaki
Address: lera Odos 75, Athens 11855, Greece

Email: Isos2kok@aua.qgr

2. General Information

The island of Crete has been selected as a hot spot in the DESIRE project. It covers an area
of 8313.3 km2 T.The length is 250 km while the largest width is 56 km and the smallest
width 12 km in the eastern p art of the island close to lerapetra Lerapetra city. Crete is a
rugged mountainous island with high variation in altitude within relatively short distance.

Due to its predominantly steep terrain and adverse climatic and bio -climatic conditions,
the island is facing significant soil erosion problems. Actually, 79.5% of the surface area

has slopes greater than 12% (Fig. 1) and only 6.9% of it comprises lowlands with slope less

than 6%.
-’,
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Figure 1: Slope classes distribution of the island of Crete

Two representative parts of the island of Crete have been selected for detailed analysis of
land degradation and desertification and for proposing techniques and strategies for
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combating desertification. More specifically one of the study areas is located in the so  uth-

western part of Chania prefecture covering an area of 71.971 hectares, and the other in

the south-western part of Heraclion prefecture covering an area of 36.735 hectares. The

two study sites are presented in Fibgand aMeEsamrme ¢
valleydé. This selection was mainly made due to t
between the western part and the central south part of the island, as far as cultivation

practices and land degradation risk is concerned. The main purpose is to delineate the

impact of different management practices in land degradation and desertification.

B - —
Figure 2: The two study areas of Crete hot spot

On the following map (Fig. 3) the two sites are presented using the Google earth
application backgroun d. The geographic extent of Chania region and Messara valley in WGS
84 coordinate system is presented in Table 1.

Figure 3: Overlay of the two km  -files of the study area using Google Earth
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Table 1 : Geographic coordinates of Chania region and Messara valle  yin WGS 84

Geographic coordinates in Chania region Messara valley

WGS 1984

Top Northing 354 W57. 71WW 3515W88. 71WW
Bottom Northing 3526 W6 9. 34WW 3499 W24. 57 WW
Left Easting 23*6 0 W13. 66 WW 24*72W71. 07 WW
Right Easting 2401 W8 8. 64 WW 251006 08.41060

The patrticipating local partner is the Agricultural University of Athens, Department of
Natural Resources and Agricultural Engineering. The main language of the region is Greek
but due to the strong tourism intensity of the island, Cretans use to speak other European
languages such as English, German, French, etc.

3. Bio-physical description
Major natural resources available

Geology

Throughout the geologic history of Crete the following deposits and tectonic units

appeared in a more or less successive, overlapping sequence: The Crete-Mani geo-tectonic
unit (semi-metamorphic platy -limestones), th e Crystalline carbonate unit of Trypalion, the
Phylite -Quartzitic basement and its carbonate alpine cover of Tripolitza -geotectonic zone
and the overlapping nappes of Pindus and of the more internal Hellenides geotectonic
zones. All pre-alpine formations a re intensively folded, thrusted and faulted. The
morphologic lower parts and basins of the island are covered by thick clastic sediment of
Neogene and Quaternary. Since Minoan times and as far as the geological frame is
concerned, the only probable changes could not have gone beyond slightly erosional
modifications in the physiography, the groundwater table level and the recent geological
formations (Angelakis and Spyridakis, 1996a).

Soils and terrain

The soils of Crete formed on the above geological format ions are typical of the
Mediterranean region and they were mainly affected by topography and management
practices. Deep alluvial soils of various textures, rich in carbonates were formed in the
bottomlands (Fluvisols, and Gleysols). Deep soils of various t extures free of carbonates
with a cambic or an argillic horizon and various degrees of erosion were formed on alluvial
terraces of Quaternary age (Luvisols, Cambisols, and Regosols). The soils formed in hilly
areas are characterized by their advanced degre e of erosion with the parent material
exposed on the soil surfaces in several cases (Cambisols and Leptosols).
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The Chania region is characterized by a variety of landscapes, and lithological units. Soils
are formed on a variety of parent materials such as limestone, shale, marl, conglomerates
and alluvial deposits. Slope gradient ranges from almost flat (slope <2%) to very steep
(slope >35%) with dominant classes greater than 18%. Soil depth ranges from shallow
(depth <30 cm) to very deep (depth >150 cm). Soils formed on marl, conglomerates, and
alluvial deposits are relatively deep (soil depth >75 cm), while soils formed on shale and
limestone are shallow to moderately deep (depth 15 -120 cm).

As the Chania region, Messara valley is characterized by a variety of landscapes and
lithological characteristics. The plain part of the valley consists of  alluvial
Pleistocenealluvial Pleistocene -Neogene deposits, while the bordering sloping part of the
valley consists of mainly of marly or clayey deposits and by fly sch and limestone parent
materials. The soils cansoils can be classified into three broad categories: (a) recent
alluvial soils which do not show any profile development located in the bottom of the

valley classified as Fluvisols and Gleysols, (b) soils of the older Pleistocene terraces which
show distinct horizon differentiation classified as Luvisols, and (c) eroded soils of hills
classified as Cambisols or Regosols. Slope gradient ranges from almost flat (slope <2%) to
very steep (slope >35%) with dominant classes greater than 12%. Soil depth ranges from
shallow (depth <30 cm) to very deep (depth >150 cm).

Climate

The climate of Crete is dry sub -humid Mediterranean with humid and relatively cold

winters and dry and warm summers. The annual rainfall ranges from 400 mm to 700 mm in
the low areas and along the coast ( lerapetra Lerapetra 412 mm, Iraklio 512 mm, Chania 665
mm), and from 700 to 1000 mm in the plains of the mainland, while in the mountainous
areas reaches up to 2000 mm. Such great climatologically differences are due to the
complex vertical and horizontal distribution of Crete. During winter, which starts in
November, the weather is unstable due to frequent changes from low to high pressures.
Rainfall has decreased in the island in the last decades for more about 30%, however, long
series rainfall data in all over Crete does not show any significant change in precipitation
(Markou-lakovaki, 1979; Macheras and Koliva-Machera, 1990).

Despite considerable high precipitation (600 m in the plains and 200 0 mm in the
mountains), water consumption and use constitutes a relatively small portion due to

unequal temporal and regional distribution and high evapotranspiration rates. About 45 %

of total precipitation occurs in the months of December and January. Fr om the total plains'
precipitation per year, it is estimated that about 65 % is lost to evapotranspiration, 10 % as
runoff to sea and only 25 % goes to recharging the groundwater.

Spring is short because of the cold fronts often affecting the region in Mar ch, whereas May
is rather warm especially due to the appearance of the first south winds and the
disappearance of the action of low pressures. North winds are dominant in the island. In
summer winds create very dry conditions, which are also enhanced by th e diminishing of
low pressures in eastern Mediterranean and are very dry conditions, which are also
enhanced by the diminishing of low pressures in eastern Mediterranean and are only
interrupted by some local rainfalls of tropical origin. Heat waves in the  plains during
summer may be rather lasting, affected by south winds blowing from Africa.
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Concerning air temperature Crete shows a great variation. It lies between the isotherms
18.5 °C to 19.0 °C with annual amplitude of 14 °C to 15 °C. The southern part  of the
island is warmer than the northern part and the warmest of Greece. During the cold
period, temperature increases with decreasing latitude, whereas in the warm period and
especially in the period from May to August, temperature increases from the coa st to the
mainland and particularly in the plains. In winter, the lowest temperatures scarcely fall
below 0°C in the plains. During the summer, temperatures greater than 40°C may occur in
the lowlands of Crete. The annual temperature has increased in the | ast two decades by
0.3 °C.

The Chania region has an average annual rainfall of 627 mm in the lowland increasing by
about 30% in the upper mountainous areas. Based on the last 40 years data, rainfall has
decreased in an average estimated to 24.5%. The average air temperature istemperature is
18.7 °C decreasing in the upper region by about 2 degrees. The warmer month is July with
an average temperature 28.3 °C, while the coldest month is January with an average
temperature 10.2 °C. A high temperature above 40 °C occurs sometimes during summer for
few days per month causing problems in the growing plants accompanied by increasing
water demands for irrigation. Very low temperature (bellow 0) rarely occurs especially in

the lower zone of study area during the win ter period. The incidence of frost is not often
since minimum temperature hardly drops to levels that affect oliv e trees, citrus and
vegetables.

The Messara valley has an annual rainfall of 570of 570 mm in the lowland, increasing by
about 35% in the upper hilly areas close to Psyloriti mountainMountain. Precipitation has
significantly decreased in the last twenty years in the Messara valley. A reduction of about

44 % in rainfall has occurred in the last three decades. The average air temperature is 19

°C decreasing in the upper region by about 2 degrees. The warmest month is July with an
average temperature of 28.4 °C, while the coldest month is January with an average
temperature 11.0 °C. As in the area of Chania, extreme air temperature above 40 °C occurs
for some days during summer period. Very low temperatures (below 0 °C) rarely occursVery
low temperatures (below 0 °C) rarely occur during the winter months.

Vegetation

The historical evolution of the natural vegetation of Crete followed the turbulent hist  ory
of the island (Bambakopoulou, 1985). After the degradation of the Minoan civilization

(1400 B.C.), the Myceneans invaded the island. The Cretans either because they were
expelled or due to aversion to the invaders, they moved up to the mountains and cr eated
communities inside the forests, after clearing first large areas for cultivation and animal
breeding. Later, in the period 327 -287 B.C., in his book "About the history of plants",
Theophrastus, the father of the Botanical science, refers to the great  spreading of cypress
forest in the area.

During the Roman occupation that followed (1 B.C .-. - 9 A.D.), Gaius Plinius Secundus,
Ploutarchos, Hysichos, and other travelers that visited the island and observed, admired
and described the natural forests and annual vegetation. Gaius Plinius Secundus (2379
A.D.) in his book "Natural History", states that cypress were so plenty growing on the
mountain Idi, that someone may got the impression that the region was the land of
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cypress. Ploutarchos (46-127 A.D.) speaks about forests of cypress, and states that in the
area was rich in timber for ship -construction. In his Dictionary, Hysichos ( 5th century A.D.)
states that the name of the mountain Idi or Ida comes from the very dense forests
completely covering the mo untain in ancient times, where many springs and streams
existed. After the invasion of Venetians in the 13th century, a great colonization of the
uplands and mountains took place. During the occupation by the Venetians, many forests
were cleared to produce timber for exports, especially timber from cypress or ship -
building. Apparently timbering was not the most important cause of destruction,

considering that (up to a certain point) the forest could regenerate itself.

The Venetians occupation finished with the Turkish invasion in the 17th century. During the
period until 1775, the Turkish occupation was not too harsh, until the eruption of the
"Daskalogiannis revolution" that brought about a tougher occupation and revenges by the
Greeks. During Turkish occupation the rebels put the forests in fire in order to harm the
Turkish economy, but on the other side, the Turks were burning the forests on the
mountains to distract the rebelsr e bel 6 s communi ti es. Due to the t
pressure that they suff ered, more and more people migrated to the uplands and mountains
creating new mountainous communities. Such great migration of the population to the hilly
and mountainous regions during the Venetians and Turkish occupations affected negatively
the natural vegetation of the populated upland and mountainous areas. The creation of
new communities and the need for more and more arable and grazing land led to further
degradation of the forests (Bambakopoulou, 1985).

After the revolution against Turkish occupatio n (ca. 1900 A.D.), the shepherds, who until
that time remained on the high mountains, started moving off the hills to the lowland in
order to pass the winter. In the mean time they set fires in the densely vegetated areas to
create new pasture -lands. The number of ships and particularly of goats increased
continuously, resulting in the overgrazing of the areas and hampering regeneration of the
natural vegetation. In the mean time, the natural vegetation of many areas was cleared
off for cultivation.

The present vegetation of Crete is typical of the eastern Mediterranean, adoptedadapted
to the dry climatic conditions of this region. The lower zone is characterised by maquis
vegetation and particularly by evergreen shrub species such as Ouercus sp, Arbulus unedo,
Arburus andrachne, Phillyrea media, Pistacia lentiscus, Pistaciaand Pistacia terebinthu ...
Apart from magquis, this zone is characterized by bushwood plants among which the most
important species are Erica arborea, Erica verticillata, Genista acanthocla dos, Poterium
spinosum, Euphorbia acanthothamnos, Thymus capitatus, Anthylis hermaniae, Phlomis
fruticosa and various speciesofdstus.

Conifera are represented by the main species Pinusand Abies that comprise forests of
economic value. Of similar importan ce but of smaller extent are the conifera species of
Cupersus. Common pine species arePinus peuce, Pinus leucodermis and Pinus halepensis.
Other conifera such as Juniperus and Taxus are found but not forming individual plant
societies. Annual plants commonly grown in Crete belong to the families of Graminae,
Compositae, Leguminosae, Cruciferae, Caryophyllaceae, Labiatae, Umbelliferae and
Liliaceae.
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Olive and vine plantations are the main trees covering at present a great part of lowlands
and the hilly area s, but also parts of the uplands. The great expansion of the olive groves
occurred during the last 4 decades after eliminating the maquis and shrubby vegetation.
Olives cover today 80 % of the soils in the footslopesfoot slopes of Psyloritis Mountain. Vine
plantations have greatly declined the last decades due to the destruction by phylloxera.
New plantations, more resistance to phylochera appear in the area the last decade (Fig.

4).
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Figure 4: Changes in agricultural land uses in Crete in the last decades (Agricultural Statistical
Service)

The Messara valleyis mainly covered with systematic olive groves or mixed olive groves with
other agricultural crops or natural vegetation cover 80.8% of the research area (Fig. 7).
Vineyards are mainly found in the upp er valley hilly areas. Spare trees or systematic olive
groves in combination with natural vegetation or agricultural crops are mainly found in the
upper hilly or mountainous area. Pastures including maquis and annuals cover 15.3 of the
area and they are mainly located in the upper zone or they appear as patches in the lower
zone surrounded by olive groves (Fig 8). Also greenhouses covering 3.8% are mainly located
in the lower part of the valley where climatic conditions are more favourable for growing
vegetables.
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Figure 8: Typical landscapes and land uses of the Messara valley, Crete, covered mainly with
olive groves and pastures in the upper hilly areas

Until 1920, the slopes of Asterousia mountainsMountains (southern of Messara Valley) were
cultivated with cereals. Due to the evolution of mechanical cultivation, these areas have
been abandoned, so that scarce phrygana comprise the natural vegetation of this area
today. Vegetati on is denser on the uplands of Asterousia Mts. and confine mainly to
phrygana (Erica arborea, Erica verticillata, Genista acanthoclados, Poterium spinosum,
Euphorbia acanthothamnos, Thymus capitatus, Anthylis hermaniae, Phlomis fruticosa) and
various species of Cistus. Although the natural vegetation in the Asterousia area shows a
capacity for succession to higher forms, this is not the case since the area is used for
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grazing during the winter months mainly by the inhabitants of Idi mountainous areas.
Overgrazing of the regenerated young plants during this period ceases their growth
degrading more and more the natural vegetation.

Existing practices on land and resource uses

Resource uses

Based onthe statistical the statistical data (Green National Statistica | Service) the
agricultural areas including farmland and pastures cover 594,740 ha or 71.5% of the total
area (Table 2). Natural areas (forests, shrubs and bare land) covers 225,080 ha or 27.1% of

the total land. Other areas including urban, infrastructure , mining etc, cover 1 ,1180, 1180
ha or 1.4% of the total area. More information abo ut land use is mentioned above.

Table 2: Land resources use of Crete hot spot

Agricultural areas Natural areas Others

Arable Permane | Pastures | Pastures | Hetero- Forests | Shrubs and| Little or | Urban,

land nt crops | under with little | geneous herbaceou | no etc
shrubby | or no areas S vegetatio
vegetatio | vegetatio n
n n
Area | 9060 194660 | 141090 | 94950 154980 | 25650 39060 159630 |11480

(ha)

Pastures are extended in a wide range of altitude s from low to alpine zones. They can be
distinguished in the three following zones based on altitude: (a) pastures of low zone
(altitude 0 -600 m), (b) pastures of middle zone (altitude 600 -800 m), and (c) pastures of
upper zone (altitude >800m) (Sarlis, 19 98). As Fig. 9 shows pastures in widely expanded in
all over the island. In many cases agricultural land is used for graxing animals too.

Pastures are found in all climatic conditions existing in Crete which can not be
characterized as favourable for high grass production. The long duration of drought in
summer and the low temperatures prevailing during winter restricts plant growth.
Therefore, natural pastures can be used for grazing a short period during winter, spring or
fall but never during the whole year. Pastures are found in most parts of the island of
Crete especially in hilly and mountainous areas.
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Figure 9: Geographical distribution of natural pastures in Crete according Crete according to
the CORINE 2000

Existing land practices

Land management practices can be distinguished in those applied in agricultural land and
those in pasture land. The trends in land management practices existing in the agricultural
areas of Crete, resulting from a recent survey in the area, can be summarized as following:

(1) Keeping with minimum cost of citrus plantations or replace them with avocado since
prices has declined in the recent period

(2) Keeping olive plantations under minimum or no tillage operations in the western part of
the island

(3) Ploughing the soil in olive groves once or twice during spring period especially in the
central and eastern part of the island.

(3) Expanding olive plantations especially in the upper hilly areas by clearing natural
vegetation and applying intense cropping systems

(4) Abandonment olive groves in steep soils of low productivity allowing the natural
vegetation to be growing and using the land as pasture which is usually overgrazed

(5) Planting some vineyards in relatively productive soils applying intensive cultivation

(6) Shift from agricultural land use to urban or tourist development especially in the area
along the coast

(7) Reduce irrigation in citrus plantations and olive groves due to limited water availability
and loss in farm income.

Land management analysis conducted in the region of Chania has shown that the majority
of the land (70.5% of the total area) is subjected to sustainable farming by allowing
understory vegetation to grow during the wet period. Oxalis pes-caprae is the main plant
species growing under olives, citrus and avocado fully protecting the soil from raindrop
impact. Oxalis is considered as a weed but it has a positive effect on soil and water
conservation. In the rest of the land (26.5% of the total land) covered by olives vines and
vegetables sustainable farming is not applied. The practice of no sustainable farming is
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mainly found in the northern part of the study area in places where soils are deep with
lower slope gradients. In the opposite, olive groves in the Messara valley are subjected to
tilage operations once or twice during spring time. The main reason for tilling the soil is
water conservation by (a) removing the growing annual vegetation and (b) interrupting soil
water loss due to evaporation from the subsurface layers.

Land management practices on pastures is affected by the physical environment
(topography, altitude, soil depth, etc) and scio -economic characterisitcs (subsidies, family
size, area of grazing land, etc). Pastures located in the upper zone (altitude >800 m) are
used only during the summer period, all the others are used during the whole year.
Overgrazing is very common resulting in high erosion rates and disappearance of various
plant species and expansion of plant species which are not eaten by the animals.
Furthermore, pastur es in the upper zone receive large numbers of animals during the
summer period or these pastures are undergrazed due to lack of infrastructure (roads and
drinking water for the animals). Transhumance grazing systems operates at a variety of
special and temporal scales and degrees of complexity. Animals can be daily moved from
hills to valleys, or seasonal in mountains for summer grazing. The high stocking rates, the
pastoral techniques employed and the frequent fires had led to a significant decline of
pasture quality and productivity and an increase to of the proportio n of unpalatable plant
species.

Pastures in the lower zone covering plain and hilly areas (altitude lower to 600 m) are used
mainly during the winter period or most of the year. Due to relativ  ely favorable air
temperatures, grass growth is mainly dependent on the amount of rainfall. Grass
production is greater in spring than in fall but due to lack of water plants are getting dry
quickly and animals are moving to upper elevations. Pastures int he middle zone (600-800
m) are grazed mainly by goats during the whole year. Grass production in the middle zone
is especially high during spring, while grazing can be limited for some period during winter
due to the presence of snow. Pastures of the upper zone are used for few months during
summer. This zone is better protected from overgrazing and soil erosion.

Existing practices on water resources

The annual rainfall and snowfall for Crete has been estimated by IGMEtoIGME to 7.2 billion
m?ofm? of water . From this amount of water, 3.6 billion m 2 are lost, 1.6 billion m ° are
moved by channels toward the sea and the remaining 1.6 billion m?®ism? is percolating
underground. A closer look of the water network of Crete shows that Crete  faces
severefaces severe water problems due to unevento uneven distribution of the water
resources between Western and Eastern Crete. In addition, the uneven distribution of

rainfall during the winter the winter months and the high demand for water during the

summer months creates water management problems.

Although precise estimations of the available water resources in Crete have not been
made, most related entities agree that the water consumption and use constitute only a
small percentage (less than 5 %) of the annual precip itation. However, in many cases a
severe water imbalance occurs due to unequal temporal and regional distribution of
precipitation. This is intensified during the summer months by the increased water needs
for irrigation and water consumption due to touris m. Most of the annual precipitation
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occurs in the western mountainous of Crete, while transport of water to the other areas
exhibits technical, social and cost limitations.

It is estimated that water consumption in Crete is increased more than 4 % per year . Most
of the total water consumption is used in agriculture for irrigation. Further Rural
Development mainly depends on water availability. The increased demand of water, either
for urban or agricultural use, cannot be always met despite adequate precipit ation. Water
imbalance is often experienced, due to temporal and spatial variations of the

precipitation, the increased water demand during the summer months, and the difficulty

of transporting water due to the mountainous terrain. In Crete there are regio  ns, mainly
the coastal and eastern ones, where there exists severe need on freshwater resources due
to spatial and temporal uneven distribution of relatively high annual precipitation and run -
off. In some cases this is exaggerated by speciallyespecially high demand due to tourism
and agriculture.

The main water uses in Crete is irrigation is irrigation corresponding to 82 % of the total
consumption. Total water consumption for 1980 was 225 million m * of water. It has
increased to 375 million m * in 1991, whil e an additional 30 % increase is expected by the
end of this decade (Angelakis, 1993). The demand for irrigation water is high, while at the
same time only 27 % of the available agricultural land is irrigated. On the other hand,
there are major losses (seepage, evaporation, leakage, etc.) from water delivered to the
agricultural sites for irrigation and the municipal sites for domestic use. In some cases,
these losses are estimated to be as much as 50 % of the delivered water.

Messara valley catchments

The Messara Valley comprises three catchments (Underbill, FAO, 1970a); the west Messara
catchment with a drainage area of 398 km 2, the main river is Geropotamos and the
discharge outlet is at Phaistos; the east Messara catchment with a drainage area of 95 km 2
the main river is Anapodaris and the discharge outlet is at Demati; and the Timbaki Plain
with a drainage area of 218 km % The basic catchment areas are shown in Fig. 10 numbered
as 60 and 61.

Figure 10: Watersheds of Eastern Crete (Dept. of Development 1989)
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The discharges differ from year to year within a range of about 0.4 to twice the annual
average, depending on the precipitation. From the total annual volume of 200 mil. m
water, a maximum of 160 mil. m 3 can be diverted and supplied to the field s, the
remainder being lost by evaporation from reservoir lakes, by seepage from canals and
storage reservoirs, and by the uncontrollable flow of some minor streams.

3 of

Although the Valley receives on average about 600 mm of rainfall per year it is estimated
that about 65 % is lost to evapotranspiration, 10 % as runoff to sea and only 25 % goes to
recharging the groundwater store. Rainfall increases with elevation from about 500 mm on
the Plain to about 800 mm on the Valley slopes while on the Ida massif the a nnual
precipitation is about 2000 mm and on the Asterousian mountainsMountains is 1100 mm.

Pan evaporation is estimated at 1500 = 300 mm per year while the winds are mainly
westerly. The potential evaporation is estimated at 1300 mm per year (Vardavas et al.,
1996) and so the ratio of mean annual rainfall to potential evaporation for the Valley is
about 0.5 and hence it is classified as dry sub -humid according to UNCED (1994)
definitions. The Plain contains several aquifers and aquicludes of complex distrib ution and
properties. Groundwater levels are maximum in March or April with long recessions until
recharge occurs in winter. The aquifers were high yielding with discharge rates as high as
300 m*hr in the early seventies but now are reduced to about one t enth of this.

Before the installation of the groundwater irrigation system, the average discharge out of
the Valley was about 20 Mm®/yr corresponding to 50 mm of the annual rainfall lost as
runoff to the sea. It is estimated that the annual recharge of the  groundwater store was
about 60 MnrVyr (150 mm) and evapotranspiration loss was about 160 Mm*/yr (400 mm).

Chania region

In Western Crete the vast water resources come from the Lefka Ori (White Mountains)
which have a limestone and dolomites geological for mations. The Lefka Ori take advantage
of the fact that surrounding the northern perimeter of the mountains and the ocean there

is a non porous rock formations formation that created an integrated underground water
formation that is trapped within the mounta ins. This complex system of underground water
results in a series of natural springs on the north of the mountains. These springs with

large capacities include Koleni, Meskla, Agia, Anabalontas, Zourbo, Armenon, Stilos,
Kourna, and Argiroupolis. The yearly capacity of these springs is estimated at 350 million
m°. A small portion of this is used yearly due to the lack of adequate infrastructure to
capture and store the water, the rest is lost to the ocean. The  karstkarsts geomorphology
of the area allows reg ular annual feedback and further enrichment of the aquifers

OADYK is a major water distributor but also a water provider for irrigation and for drinking

water. OADYK has a main pipeline that runs from Spilia, Kolymbari to the plain area of

Chania. The existing unified network covers the lower elevations with its unified pipeline.

The main pipeline ends in Spilia and is able to irrigate the surrounding area up to an

elevationof60-6 5 meters. This is referred to as the 01l o0
the higher zone in the Voukolies area.

The high season runs from mid-May until September, the driest month with the biggest
water demand are July -August and September. The peak water demands can run from 5-7
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months. In general, the water demands for olives isdemand for olives is 3000m%ha and
orange trees are estimated at 4500 m ¥ ha. Water is applied in olive groves and citrus or
avocado plantation mainly by drip irrigation system.

Existing uses of forest resources

In Crete forests are mainly publicly owned, controlled by the Ministry of Rural
Development and Foods, Department of Forest and Natural Environment. Management of
pine forests is subject to legislation for environmental protection. This legislation on
environmental protection appeared for the first time in the Greek Constitution in 1975 and
in it the term "environment" is clearly defined and the responsibility for the protection of

the natural environment is undertaken by the Greek nation. Regulation 24/1975 clearly
defines the responsibility of the Greek nation for protection of natural resources.
Regulation 117/1975 defines the obligation for reforestation of all the public and private
pine forests which have burned. In addition, other legislation has been established in
harmonization wi th the Europ ean Union policies.

The existing pine, cypress, and oak forests are mainly used as natural areas for recreation,
hunting, and extensive grazing. Any type of management is strictly controlled by the
Ministry of Agriculture. Pine forests are subject periodic ally to extensive forest fires during
the dry period creating severe problems of soil erosion and flooding in the lowlands. Soll
erosion in burned areas becomes a severe problem of land degradation and desertification.
Hilly or mountainous areas under fore sts usually have shallow soils and any soil loss
significantly reduces land productivity, and growth of pine trees is limited leading to
desertification. The following areas are considered as National parks or protected by
NATURA 2000 according to the reguation 92/43/EU:

The opinions expressed in this report are thos ) o
of the DESIRE Project consortium and do r 80 |StUdy Site Descrlptlon Greece / Crete

necessarily reflect the views the European
Commission.



vaASY,
>

:

World Soil Information

www.desire-project.eu

Table 3: Natural areas characterised as National Parks or protected by NATURA 2000

DYTIKA ASTEROUSIA Mt

ANATOLIKA ASTEROUSIA Mt

KROUSONABVROMONERO IDIS

OROS GIOYXTAS

KORYFI KOYPA (DYTIKI KRITI)

LAZAROS KORYBMADARA DIKTIS

DIONYSADES NISOI

FARAGGI SELINARRACHASI

NOTIODYTIKI THRYPTI (KOUFOTO)

NISIDES KAVALLOI

ZOROS AGATHIOKEDROS

KOYRTALIOTIKO FARAGGI, FARAGGI PREVELI

PRASIANO FARAGGI

OROS PSILORITIS (NOTIODYTIKO TMIMA)

ETHNIKOS DRYMOS SAMARIRBRAGGI TRYPITISPSILAFF KOUSTOGERAKO

METERIZIA AGIOS DIKAIOBSOUNARA VITSILIA LEFKON OREON

XERSONISOS GRAMVOUSAS KAI NISIDES IMERI KAl AGRIA GRAMVOUSA, PONTIKC

NISIDA AGIOI THEODOROI

FARAGGI KALLIKRATFERGOYLIANO FARAGGROPEDIO MANIKA

LIMNI AGHIAS (CHWA)

EKVOLI GEROPOTAMOU MESSARAS

VOREIOANATOLIKO AKRO KRITIS

ORI ZAKROU

CHERSONISOS RODOPOU

LIMNI KOURNA KAI EKVOLI ALMYROU

NOTIODYTIKI GAVDOS KAl GAVDOPOULA
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Strengths of existing land use practices

As it was mentioned the main land use types in the area study areas of Crete are olive
groves, vineyards, citrus plantations, avocado, vegetables, and pastures. The olive
originated in the Eastern Mediterranean area, and has been cultivated by man since
ancient times. Trees are extremely long -lived (up to 1000 years) and tolerant to drought,
and salinity. Olive oil was used for cooking as well as burning in lamps; several references
are made to olive oil lamps in the Bib le and other ancient writings.

Olives are supremely adapted to Mediterranean climates. They cannot tolerate high
humidity which causes disease and physiological disorders. Temperature may approach -
15°C in midwinter, but foliage is damaged by frost only during active growth. The chilling
requirement is relatively high given the cold hardines s and distribution - 1000 hr. Some
texts refer to the cold requirement as "vernalization", since reproductive structures
develop during the cold period. This is a rather moot point since the length of exposure to
cool temperatures is the same regardless of the true physiological process.

Olives are grown on a wide variety of soils, many too poor to support cultivation of other
crops. They are tolerant of high pH, salinity, excess of boron, and drought, but are
sensitive to flooding. In Greece olives are fre quently used as garden trees. They have
attractive, silver -green evergreen foliage, full canopies, requiring very little water and
disease control. Since the Minoan period, olives have been harvested by hand, knocking
them from the trees and collecting the m from the ground. This technique requires a lot of
manpower and causes contamination of the fruits. Small harvesting machines have been
developed recently significantly reducing both labour and time between harvesting and the
oil extraction process.

Olives present a particularly high adaptation and resistance to long term droughts and
support a remarkable diversity of flora and fauna even higher than some natural
ecosystems. Olive groves can be considered as a natural forest highly adapted in dry
Mediterranean conditions, with lower vulnerability to fires as compared to pine forests,
protecting hilly areas from desertification.  Olive groves are widely expanded in hilly areas,
with semi-arid climatic conditions, very sensitive to desertification. Olives prot  ect the soll
sufficiently from raindrop impact restricting soil erosion. Furthermore, olives plantations
require minimum cultivation efforts except for the period of harvesting offering a

significant income to the farmer. The following management practices  are required for
good production:

Pruning for rejuvenation or fruit production at the harvesting period
Proper fertilization mainly by nitrogen or phosphate fertilizers

Weed control by mechanical cultivation or herbicides applied once per year, early in  spring
for conserving soil water and facilitating harvesting.

Complementary irrigation applied in areas with low rainfall or in years with limited rain,
particularly during spring

Control of Dacus or other pests and diseases is of great importance for b oth the yield and
quality.
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Cultivation of vineyards started around 25th century BC. Several varieties are described by
Aristotle, Theophrastus, and Isiodos, while many stories are related to vines and their
products in the ancient period. Wine has always b een appreciated in Cretans, so vineyards
are today cultivated in every place where climatic conditions are favourable, in

combination with other domestic crops, supporting the family income. Vine cultivation has
declined in more recent decades due to infec tion by phylloxera and other diseases. New
plantations, more resistance to phylloxera, have been planted in Crete.

Pastures are widely expanded in Crete with great ecological and economical importance
for the production of low cost and good quality of ani mal products. Even though pastures
present serious problems related to the land productivity and the environment, they
contribute significantly in the economy of the Crete

Weaknesses of existing land use practices

The main weakness of existing land usesin Crete is attributed to the degree of land
protection from soil erosion and desertification. The existing land uses can not be easily
changed and corresponds to the more efficient uses that can be grown under the existing
environmental and socio-economic conditions of Crete. Land management practices can be
easily changed for protecting the land resources from desertification. Studies conducted on
soil erosion rates under representative land uses existing in the Mediterranean Europe
during the execution o f MEDALUS | and Il (vines, eucalyptus, cereals, and shrubs) (Fig. 9)
have been shown that areas cultivated with vines are subjected to the highest erosion

rates under the existing land management practices (Kosmas et al ., 1996).

Vineyards are usually intensively cultivated in Crete. Soils are usually ploughed twice in
mid-spring and in some cases are treated once or twice a year with herbicides. Fertilizers
are applied once or twice during winter or early spring. If water is available, vines are
irrigated 3 to 5 times during the dry period, usually by drip irrigation. Repeated cultivation
of the soils, continuously associated with other cultivation practices, results in decrease in
both organic matter content and aggregate stability, thus favouring soil crus ting. Usually
soils are very susceptible to dispersion. Under such conditions soil crusting can occur very
frequently after ploughing, creating favourable conditions for overland flow and erosion.
Soil compaction is another form of soil degradation that oc curs from repeatedly driving
heavy farm equipment over fields. These land use types can be graded in order of
decreasing effect on soil erosion as following: vines> eucalyptus> wheat> shrublandshrub
land> olives, with an average soil loss ranging from 142, 8 tones ha™ yr* (vines) to 0,8 tones
ha™ yr* (olives) (Fig. 11).

Land degradation and desertification in pastures is highly affected by socio -economic
factors and land management characteristics such as land ownership, farm size, period of
land use, erosion control measures, controlled grazing. Land ownership had greatly
affected desertification risk. In several cases, land has been rented and the main concern
of the land user was the overexploitation of the natural vegetation without applying any
erosion control measures. In the recent decades degraded agricultural land has been
abandoned and converted to pasture. In such cases, land present a lower desertification
risk because soils are relatively deeper with lower slope gradient than the surrounding
pasture land. The period of existing land use type have negatively affected desertification.
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The processes of land degradation can be greatly accelerated by high densities of animals
which lead to vegetation degradation and, in turn, to soil compaction  and erosion. The
number of sheep and goats in the island have almost doubled in the last three decades,
while the numb er of cows remains almost unchanged (Fig. 12). Under extreme conditions,
overgrazing can actually affect the health and the plant communit vy, even producing a
change in species composition.
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Figure 12. Changes in the grazing animal population in Crete during the last four decades
(Agric. Statistical Service )

The decline in vegetation by overgrazing can result in a loss of those plants which help to
maintain soil structure. The herbaceous families that are of particular interest are
Leguminosae contributing to the nitrogen fixation in the soil and increase organic matter
and Gramineae. These species can protect the soil from raindrop splashing and by
increasing the aggregate stability, therefore they can decrease soil erosion.

Shepherds damaged the forest by deliberately setting fires to eradicate the woody
vegetation and encourage the growth of grass, which they then overgrazed. Once the land
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was bare of its vegetative cover and the soil was loosened, the torrential rains of autumn
and winter began to wash away the topsoil. In the last fifteen years, there is a significant
increase in the frequency and magnitude of forest fires in the area. Man  have regularly
employed fire as an important tool in land reclamation and bring the land into
development for cultivation and grazing. The occurrence of a fire may temporarily
increase the productivity of the land. After fire some species generate rapidly , creating
favorable conditions for grazing.

Major degradation issues due to the use of natural resources

Among the most important land degradation processes are soil erosion, soil and water
salinization, and water stress. Soil erosion is a natural process associated with rainstorms
and gully and rill formations, but its rate has been greatly accelerated by human activity,
primarily agricultural tillage and grazing pressure. Soil salinisationsalinization is the
accumulation of natural and artificial salts i n the soil and water. Soil and water
salinisationsalinization is attributed to: (a) dryland salinisationsalinization where soilwhere
soil near the surface can become more saline as salts are drawn up in solution from a

raised water -table, (b) irrigation salinisation salinization occurring when irrigation water
contains dissolvedcontains dissolved salts, and (c) intrusion ofintrusion of sea water into
coastal aquifer.

The analysis of the land degradation and desertification attributed to these processes were
basedwere based on: (a) the assessment of soil erosion risk using the PESERA model and
field survey estimations, (b) the assessment of soil salinization risk based on the
DESERTLINKS methodology, and Jtihe) the definition of environmentally sensitive are as
to desertification using the methodology defined by MEDALUS IIl research project. Water
stress was assessed using the climatic data and soil characteristics.

Methodology used
Soil erosion assessment

Soil erosion was assessed by: (a) using the PESERA mel and (b) describing the degree of
soil erosion in field survey. The PESERA (Pan European Soil Erosion Risk Assessment)
model (Kirkby, 1999; Kirkby et al., 2000) has been developed to be used as a regional
diagnostic tool for predicting soil erosion ra tes under various land use types, soil, and
landscape characteristics. PESERA is a physically based soil erosion model built around
conceptual separation of precipitation into overland flow runoff generation and

infiltration, with a runoff threshold depend ing primarily on soil and vegetation properties.
Sediment transport is estimated from runoff totals in each storm, and represents the
processes of sheet wash and rill wash, which are the dominant processes in severe soll
erosion loss. Other active processes, including tillage erosion and rain -splash, are not
considered in the model because these processes do not generally produce conditions for
severe erosion losses.

The model estimates erosion by identifying three components respectively derived from
climate and vegetation, topography and soil factors (Fig. 13). For each of these
components widely available data are used in order to make regional forecasts. Because
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climate and land use are explicit drivers in the model, PESERA may also be used to assess
sensitivity to change conditions.

The amount of sediments transported after each rainfall event is estimated as a mean soil
loss in tons ha-1, obtained as a product of the three components for climate and,
vegetation, topography and soil given by the equation (Kirkby 1999) (Fig. 13)
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Repeat land cover Runoff
by Remote | Threshold
Sensing from
AVHRR or similar
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Soil sediment loss

Digital Terrain
Model on 50-
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Potential, A
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where: Y is sediment loss (mean per unit area)
k is the soilerodibility
q is the topographic erosion indicator
Y is the bio-climatic erosion indicator

Digital Soil and
Geology maps
at 1:1 000 000

—p-[Erodibility, k

R is total monthly rainfall v v
r0 is mean rain per rain day = = -

h is runoff threshold from equation above ‘ Combined Erosion Potential = KAQ |
p is proportion of runoff above the runoff threshold
U is the flow power erosion threshold

H is mean slope relief

L is mean slope length

Data for Estimating Erosion

Figure 13: Basic components of PESERA model for assessing soil erosion rates (Kirkby, 1999)

Erosion is estimated using data on daily climate, soils, topography and land use which are
combined in a physically based model. The first term, kK, is based on properties derived
from soil mapping. The second term hu, for relief, is estimated as the standard deviation of
elevation within a given radius from a DEM of the topography. The third term Y is
computed from climate (to give the rainfall distribution), vegetation cover or land use and
soils (to give the runoff threshold). The present situation of degree of soil erosion has been
characterised, according to: ( il) the presence or not of the A -horizon, (ii) the existence
and percentage of eroded spots, (iii) the degree of exposure of the parent material on the
soil surface, and (iv) the presence of erosional gullies. Five classes of degree of erosion can
be distinguished, very severe, severe, moderate, slight, and no erosion. The degree of soll
erosion is desaibed using the table below.
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Erosion Description

class

no erosion no erosion features are present

Slight Parts of the A horizon have been eroded, so that usually less than 20 of the

initial A horizon present current scattered spots of erosion.

Moderate Soils that present an intricate pattern of current  spots ofspots of erosion ranging
onranging on the average from 20 to 50 %0n% on the original A horizon.

Severe Soils that shows an intricate pattern of eroded spots ranging from 50from 50% to
80%0f% of the original A horizon. In most areas of this class ero sion, the parent
material ismaterial is exposed at the surface.

very severe | Soils that have lost more than 80 %0f% of the A-horizon and some or all the
deeper horizons throughout most of the area. Original soil can be identified only
in spots. Some areasmay be smooth, but most have an intricate pattern of
gullies and the parent material is exposed at the soil surface.

Soil salinization risk

Salt-affected areas are mainly located in lowlands along the coastal lines. Such areas are

very sensitive to desertification due to salinization under specific land and management
characteristics. The desertification risk due to soil salinization was assessed using the
DESERTLINKS methodology defined for such areas. This methodology is based on a series of
indicators related to land management, climate and soil characteristics, topographyand
topography and water quality (Fig. 14).

| Policy enforcement | | Efficacy of reclamation |

I Frequency of flooding Type of Land use

Management

DESERTIFICATION
RISK

——

| Distance from seashore l |Elevation | | Water quality | | Ground water depth

Drainage

Figure 14: Indicators related to desertification risk in salt affected areas (Kosmas et al.,
2003)
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Analysis of water stress

Water stress is one of the main factors affecting plant growth and stage of vegetation
degradation in the study areas of Crete. Water stress is defined by the following
parameters affecting water stress: (a) air temperature, (b) precipitation, (c)
evapotranspiration, (d ) rainfall seasonality, (€) Bagno uls-Gaussen aridity index (BGl), and
(f) soil water storage capacity. Data on air temperature and precipitation were provided

by the meteorological stations located in or nearby the study areas. Evapotranspiration
was calculated using the Penman-Monteith method as modified by Allen (1986). Rainfall
seasonality was calculated by the Seasonality Index (SI) (derived by Walsh and Lawler
(1981) estimated by the following equation:

n=12 9
STi = . Z Xin— L]
Ri = 12

Where Ri is the total annual precipitation for the particular year under study and Xin is the
actual monthly precipitation for month n. The rainfall seasonal ity can be assessed by using
the following Sl index.

Si Precipitation regime

<0.19 Precipitation spread throughout the year

0.20-0.39 Precipitation spread throughout the year, but with a definite wetter season
0.40-0.59 Rather seasonal with a short drier season

0.60-0.79 Seasonal

0.80-0.99 Marked seasonal with a long dry season

1.00-1.19 Most precipitation in <3 months

The aridity index classifies the type of climate in relation to water availability. The higher
the aridity index of a region the greater the water resources variability and scarcity in
time, the more vulnerable the area to desertification =~ The BagnoulsThe BagnoulsGaussen
aridity index (BGI) was calculated using the following equation:

n n
BGI =9 (2ti - Pi)*k

=1 i=1

Where: ti is the mean air temperature for month i in 0°C, Pi is the total precipitation for
month i in mm; and k represents the proportion of month during which 2ti - Pi >0. Then
the aridity index is ¢ lassified as following:
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Class Description Range
1 Humid 0

2 Moist 0-50

3 Dry 50-130
4 Very dry >130

Soil water storage capacity was estimated by using the soil map of the studied areas . Soll
water storage capacity corresponds to the amount of water w hich can be stored into the
soil. It refers to the amount of water which is available for the plant growth. If this water
content becomes to low, plants become stressed. The plant available moisture storage
capacity of a soil provides a buffer whichdeterm i nes a pl antds capacity to
conditions. Available water is the amount of the water held in a soil between field

capacity and permanent wilting point. Evapotranspiration is the rate a crop uses water for
transpiration plus evaporation from the soil surface. Based on the soil map and laboratory
measurements of soil water characteristics such as field capacity and wilting point of
representative soil samples collected from various soils and soil horizons, the water
storage capacity was estimated f or the studied areas. The maximum rooting depth
considered here was either 120 cm or the depth to the consolidated parent material in

case of soils with thickness less than 120 cm.

Defining environmentally sensitive areas to desertification

The environmentally sensitive areas (ESAS) to desertification hasarea (ESAS) to
desertification have been defined using the methodology developed in the EU research
project MEDALUS Il (Mediterranean Desertification and Land Use). Environmentally
Sensitive Areas (ESAsjo desertification around the Mediterranean region exhibit different
sensitivity to desertification for various reasons. (Kosmas et al ., 1999). For example there
are areas presenting high sensitivity to low rainfall and extreme events due to low
vegetation cover, low resistance of vegetation to drought, steep slopes, highly erodible
parent materials, etc. High sensitivity can be also related to the type of land use, since

land use can promote desertification in climatically and topographically marginal area  s.
Four general types of ESAs have been distinguished based on the stage of land degradation
(Kosmaset al., 1999), (a) critical, (b) fragile, (c) potential, and (d) non  -threatened.

The various types of ESAs to desertification have been distinguished and mapped by using
certain using certain key indicators or parameters for assessing the land capability to
withstand further withstand further degradation, or the land suitability for supporting
specific types of land use. A simple methodology has been developed by Kosmaset al.
(1999) to identify ESAs to desertification by using 15 simple indicators related to soil,
climate, vegetation, and land management characteristics. After the definition of classes
and the assignment of weighing indices for each indicator, soil, climate, vegetation and
management qualities are defined by combination the various indicators. Then the ESAs
were identified baseddentified based on these qualities.
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Soil and vegetation data collection

Soil, vegetation and land management data for the Chania region were collected during
the execution of the research projects: OLIVERO, DESERTLINKS, and IMAGE. Soil data for
the lower Messara valley were taken from the soil survey conducted by the Greek Nuclear
ResearchCenterCentre Democritus (Yassodou, 1971). Soil, vegetation, and land
management data for northfor north part of the study area of Messara (14,513.7 hectares)
were collected for the DESIRE project.

A semi-detailed soil survey was conducted in the research area of Messara valley (scale
1:30.000). The following parameters were described soil texture of the surface horizon,
drainage conditions, presence of rock fragments, depth to bedrock, degree and direction

of soil development, slope gradient, slope aspect, degree of soil erosion, and p arent
material. These land parameters were studied in a dense network of 340 field observations
and were recorded on each mapping unit. The boundaries of the mapping units were drawn
on aerial photographs supplied by the Geographical Service of th e Greek Army.

In particular, the soil textural classes were defined according the USDA system (Soil Survey
Staff, 1975), and were grouped into the following textural classes: very coarse (S, LS),
coarse (SL), medium (L, SiL, Si), moderately fine (SCL, CL, SiCL) andfine (SC, C, SiC)
(Table 4). The parent material was defined according to the geological map of the area
(scale 1:50,000) supplied by the Greek National Institute of Geology and Mineral
Exploitation (IGME). The main parent materials mapped in the study ar ea were matrl, shale,
limestone, conglomerates, flysch and alluvial and alluvial deposits. Soil depth to
unconsolidated bedrock was measured in auger holes or in cuts. The following classes were
used: very shallow (depth 0 -15 cm), shallow (15-30 cm), moderat ely shallow (30-60 cm),
moderately deep (60 -100), deep (100-150 cm) and very deep (>150 cm). Slope gradient was
described using the topographic maps. The soils were classified according to the Sail
Taxonomy (Soil Survey Staff, 1975) into three broad catego ries (Soil Orders), viz. Entisols,
Inceptisols, and Alfisols. The degree of erosion was assessed qualitatively and semi -
guantitatively during the execution of the soil survey as described above. These

parameters were described and presented in the symbol o f mapping unit (Fig. 15).

Table 4: Parameters with corresponding classes used for mapping soils

Drainage

Very well Well drained Moderate Somewhat Poorly Very Poorly

drained well drained Poorly drained drained
drained

A B C D E F.G

Texture

Very coarse Coarse Medium Moderately fine Fine textured

1 2 3 4 5
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Slope (%)

0-2 2-6 6-12 12-18
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Aspect

NW, NE

Rock Fragments (%):

<20 20-60

Parent Material

Marl Conglomerate Limestone
M C L

Erosion

No erosion Slight erosion Moderate
erosion

Classification
Inceptisol Inceptisols EntisolEntisols
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60-100 100-150 >150

18-25 25-35 >35

SW, SE

>60

Alluvium Shale Phlysch

A S P

Severe erosion Very Severe
erosion

3 4

Alfisol Alfisols

A

Vegetation was mapped onmapped on the basis of the dominant species such as Olives,
vines, citrus, annuals, shrubs ( Quercussp, Erica sp, Pistacia sp., etc.), pines, deciduous
oak,0ak and bare land. The percentage cover by each type of vegetation was define d in
classes by aerial ortho-photo-interpretation and field survey at a scale of 1:30,000. The
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following classes of plant cover were used: <25%, 25-50%, 5075% and >75. Each vegetation
unit, presenting in the corresponding mapping unit, usually includes mo re than one of the
dominant species mentioned above. Therefore, vegetation type and percentage cover was
included in the vegetation map.
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Figure: 15. Soil map showing the boundaries and the symbols of the various mapping units

The boundaries of each mapping unit was drawing on ortho -photo maps and the type of
vegetation and the percentage cover was identified by: (a) using the ERDAS image analysis
software and (b) ground data collected on a field survey. Then the data were introduced

on ArcGISn ArcGIS (edtion 9) for further analysis of the various mapping units of the area
and the final vegetation map was compiled.

Analysis of existing land degradation issues in Crete

As it was mentioned previously, Crete has subjected for a long period an overexploitatio n
of natural resources. Large scale deforestation of the sloping lands accompanied by
intensive cultivation and overgrazing resulted in accelerated erosion and the formation of
badlands with very shallow soils through the progressive inability of the veget ation and
soils to regenerate themselves. Based on the land desertification risk map of Greece
compiled by the Greek National Committee for Combating Desertification (Fig. 16), more
than 50 of the island isare characterized by high desertification risk. The highThe high
erosion rates occurring in the island of Crete are attributed to the climatic conditions, to
topographic characteristics andcharacteristics and to the generally poor vegetation cover.
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Semtarid landscapes by definition are water -limited and therefore are potentially
sensitive to environmental change and its effect on biomass production. These areas
become vulnerable to erosion because of the reduced protection of the ground surface by
vegetation from heavy rains with high intensity.
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Figure 16: Potential desertification risk nap of Greece (compiled by the Greek National
Committee for Combating Desertification)

In the last decades, favourable soil and climatic conditions and the availability of ground
or surface water has resulted in intensiv e farming of the Mediterranean lowlands. The
development of high input agriculture in the plains provided much higher net outputs than
those obtained from the old fashion terraced agriculture. In many cases, the rapid
development resulted in the over -exploitation of the aquifer system for a variety of uses
causing gradual intrusion of sea water in the aquifers. Irrigation using water with high salt
concentrations increased the salinity of the soil, rendering an unproductive desertified
land. Soil salinizati on is a potential desertification threat for lands located manly along the
coast characterised by high xerothermic climatic indices. Moreover, as tourism
continuously grows, water allocation will be shifted towards domestic consumption. The
increasing water consumption combined with the substantial increase in water
requirements associated with high input agriculture is likely to create a significant water
allocation problem bringing about further degradation of the plains through salinization.

Soil erosion

The Chania region. By using the soil, topography, and vegetation characteristics of the
Chania region the PESERA model was applied using the climate characteristics of the year
2000. As Fig. 17 shows, soil erosion is a major issue of land degradation in t he area of
Chania. The assessed soil erosion rates are especially high in the upper part of the study
area. Such areas are characterized by the following characteristics: steep slopes, relatively
shallow soils, high soil erodibility especially in soils for med on shale parent materials, low
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infiltration rates in soils formed on marl and conglomerate deposits, moderate to poor
plant cover, removal of understory annual vegetation in olive groves, burning and
overgrazing of natural vegetation, clearing of natur al vegetation and planting olives
without taken actions for soil erosion, and heavy rainstorms occurring frequently in the
area.
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Figure 17: Soil erosion rates (tha 'yr ') estimated by the application of the PESERA model for
the Chania pilot area (year  2000)

The erosion rates estimated by the application of the PESERA model are relatively high
under the existing land management practices. The dominant class of soil erosion was 2 -5t
ha™ yr'* covering 21.1% of the total area (Table 5). Such soils are loc ated in areas with
relatively with relatively steep slopes (slope gradient >25%) , soils, soils formed mainly on
shale or conglomerates, partially covered with perennial or annual vegetation.

Table 5: Distribution of soil erosion rates for Chania estimated b y the PESERA model using the
meteorological data of the year 2000

Erosion rate <0.5 0.5-1 1-2 2-5 5-10 10-20 20-50 >50
(t/halyear)
| Area (%) 20.1 16.4 17.8 21.1 11.9 5.1 3.7 3.9

The following important classes of soil erosion are 1 -2 tha™ yr* and 0.5-1 t hayr*
covering 17.8% and 16.4%, respectively. Such areas are mainly located in the northern and
central part of the study area with relatively steep slopes (slope gradient>12%) , and, and
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soils formed mainly on shale or marl deposits. Areas with eros ion rates 5-10 t ha™ yr™)
cover relatively smaller areas (11.9% of the total area). Such soils aresoils are mainly
located in the south and central part of the study area with very steep slopes (slope

gradient >35%), formed mainly on shale or conglomerat es, and vegetation is mixed olive
groves with shrubs or unmixed shrubs. Areas under very high erosion rates with classes 10-
20tha™yr?, 20-50 t ha™ yr*, >50 t ha™ yr'* covering 5.1%, 3.7% and 3.9%, respectively, are
characterized with very steep slo pes, low plant cover (new olive groves, bare land,

degraded pastures) and shallow soils. Plain areas or slightly sloping areas (slope gradient
less than 6%) well vegetated are characterized al low erosion risk. These areas are
characterized as having less than 0.5 t ha ! yr'*, and cover 20.1% of the study area.

Similar characteristics of soil erosion have been recorded by assessing the degree of soil
erosion. As Fig. 18 shows, the majority of the area (46.5%) is characterized as having
moderate degree of soil erosion (Table 6). Such areas are distributed almost along the
whole study area corresponding in pastures and olive groves land uses. The next important
class of degree of soil erosion is slight erosion covering 28.9% of the total area. Such
classes aremainly found in hilly areas cultivated with olive groves which are usually
subjected to no -tillage operations with the annual vegetation growing under the trees.
Severe erosion has been estimated in an area of 10,521 ha or 15.1% of the total area.
These are hilly areas with steep slopes subjected to intensive cultivation or overgrazing.
No erosion has been recorded mainly in gentlingin gentling or slightly sloping lowlands
covering 8.8% of the total area.
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Figure 18. Degree of soil erosion for erosion for Chania region as estimated in thein the soil
survey
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Table 6: Distribution of degree of soil erosion for Chania estimated during the soil survey
(total area estimated area estimated 69,624 ha)

Degree of No erosion | Slight Moderate Severe Very severe
erosion erosion erosion erosion erosion
Area (%) 8.8 28.9 46.5 15.1 0.7

As it appears from the above analysis, soil erosion is a major process of land degradation in
the hilly areas of Chania cultivated with olives or used as pastures, under the existing land
management practices. Soil erosion is greatly affected by the type of parent material and

the land management practice. The main existing parent materials in which soils are

formed are classified with the following order of decreasing sensitivity to soil er  osion:
shale<conglomerates<marl. Therefore, priorities for actions protecting the area from
degradation have to be given in the order in which parent materials are classified. Areas

with shale, which are the most widely expanded in the pilot area, are the = most sensitive to
erosion and degradation.

The Messara valley

The present situation of degree of soil erosion in the Messara valley was assessed during the
execution of the soil survey. As Fig. 19 shows the bottom of the valley is characterized with
no erosion (total area 11,754 ha, or 31.9%) since the area is almost flat (Table 7). Some of
this area receives soil materials eroded from the surrounding hills or transported by the
Geropotamos River and deposited in the recent lower alluvial plain. The surrou nding hilly
areas are mainly moderately to severely eroded covering 34.1% and 21.3%, respectively.
Slightly eroded areas cover 12% of the total area. Soil erosion is attributed to both surface
water runoff (pastures, olive groves, and vineyards ) and) and tillage operations (olive
groves and vineyards). Therefore, one of the main processes of land degradation and
desertification for the Messara valley is soil erosion.
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Figure: 19. Degree of soil erosion estimated during the soil survey of the Messara valley

Table 7: Distribution of degree of soil erosion for Messara valley Chania estimated during the
soil survey (total area estimated area estimated 36,734.6 ha)

Degree of No erosion | Slight Moderate Severe Very severe
erosion erosion erosion erosion erosion
" Area (%) 31.9 12.0 34.1 21.3 0.7

Soil sanitization risk

The Chania region. Soil salinization risk in the Chania region is mainly confined in the
lower part in a narrow zone along the coast (Fig. 20). The soils of these areas are
characterized as poorly t o very poorly draineddrain with ground water table fluctuating
between 30 to and 150 cm during the year. The total area characterized as subjected to
high salinization risk is 430 hectares or 0.6% of the total area, while areas characterized
with moderate salinization risk cover 717 hectares or 1.0% of the total area. The rest of
the area is characterized as low or no risk for soil salinization. These areas will be affected
by salts only if poor quality of wate r will be used for irrigation.
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The Messara valley Soil salinization is an important process of land degradation
degradation mainly in the lowlands of the Messara valley or along the coastal lines (Fig.
21). Areas under high salinization risk cover an area of 368.1 ha or 1% of the total area.
These soils are characterized as almost flat, moderately fine or fine -textured with ground
water table fluctuating between 30 to 120 cm during the year. Areas with m  oderate
salinization risk cover only a small percentage (<0.1%) of the total area. Areas with low
salinization risk usually are surrounding the areas of high risk covering 1.4% of the total
area. The rest of the area is characterized as subjected to no sal inization risk since ground
water is very deep (deeper than 10 meters) minimizing the risk of soil salinization due to
capillary upward movement of water. Of course salinization risk becomes high in the case
that the land is irrigated with poor quality of  water.

Areas which are characterized as subjected to high or moderate salinization risk have
certain land and management characteristics. The analysis of data showed that important
indicators for defining desertification risk are related to land management |, climate, soil,
topography, and water characteristics. Important indicators related to management
characteristics are frequency of flooding, land use type, and efficacy of reclamation. As
the frequency of flooding increases desertification risk increases. Frequency of flooding is
also related to other important indicators such as topography and depth of ground water.
Desertification risk decreases as land use type changes from pasture, wetland, recreation
area, and agriculture. Reclamation of salt -affected areas was mainly related to the
presence of a drainage network. As the efficacy of reclamation increased due to lowering
of ground water increased desertification risk decreased.

Other important indicators defining desertification risk in salt  -affected ar eas are: distance
from seashore, elevation, water quality, ground water depth, drainage and rainfall.
Desertification risk increases as the distance from seashore and elevation decreases. Good
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ground water quality decreases desertification risk. The worst the soil drainage conditions
are the higher the desertification risk is. Also the shallower the ground water table is the
higher the desertification risk is. Reduction of annual rainfall increases salinization and
desertification risk.
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Figure 21: Soil Sa linization risk map of the Messara valley
Water stress

The Chania region. Air temperature (along with other climatic parameters such as rainfall)

is an important indicator affecting the xerothermic index of an area. It is a critical
environmental factor in determining water stress which affects the evolution of natural
vegetation and may cause reduced vegetation cover. Also air temperature in semi -arid and
arid climates affects water evaporation from the soil surface and plant transpiration.

High temperatur es and frequent droughts are considered as the most important factor
affecting the evolution of plant communities in the area. The various ecosystems have a
great capacity for adaptation and resistance to high air temperatures and prolonged
drought. Extrem e conditions of high temperatures and either atmospheric or soil drought
cause plant stress. The severity and the duration of the stress determine the extent of the
resulting plant damage. Short periods of stress damage the plants and reduce their
potentia | for growth but do not kill them. Prolonged stress increases the damage and
eventually kills the plants

Rainfall is an important parameter controlling soil erosion, soil salinization, and
development of vegetation. Together with the other climate indicat  ors it contributes to
forming a scale of climate quality and consequently to the elaboration of development
strategies compatible with the resources available in the given area. Rainfall amount and
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distribution are the major determinants of biomass product ion on hilly lands under
Mediterranean conditions. Decreasing amounts of rainfall combined with high rates of
evapotranspiration drastically reduce the soil moisture content available for plant growth.
Reduced biomass production, in turn, directly affects the organic matter content of the
soil and the aggregation and stability of the surface horizon against erosion.

Climatic data for the study area are available from three meteorological stations (Souda,
Tauronitis, and Kandanos) but long term data (last 40 years) are available only from Souda
mereo station. Based in this station, the average annual rainfall is 627 mm for the study
area. As Fig. 22 shows, there is a trend for rainfall decreasing in the last decades for the
Chania region. Based on the last 40 years data, the decrease in rainfall is estimated to

24.5%.
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Figure 22 : Rainfall distribution in the Chania region for the period 1960 -2000 (source:

National Meteorological Service, Souda station)

As Fig.23 shows, the irregular annual distribution and t he scarcity of rainfall during the dry
period (May-September) favours high water deficit in the growing plants. The total amount
of rainfall during from May to September is 35 mm, while the potential evapotranspiration
for this period is estimated more tha n 850 mm. Plant growth for vegetables and citrus
without supplying water by irrigation is not possible during that period. Olive trees can
survive under the existing dry climatic conditions of the area without irrigation but the
decrease in olive productio n can be more than 50% as compared to irrigated land.
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Figure 23: Average monthly rainfall distribution in the area of Chania (source: National
Meteorological Service)

Aridity index is an index of the average water available in the soil, defined as ther  atio
between mean annual precipitation (P) and mean annual evapotranspiration (ETo). Itis a
critical environmental factor affecting the evolution of natural vegetation and therefore

rain erosivity by considering rainfall and air temperature. The aridity i  ndex classifies the
type of climate in relation to water availability. The higher the aridity index of a region

the greater the water resources variability and scarcity in time, the more vulnerable the
area to desertification.
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Figure 24: Map of aridity index defined by the Bagnouls Gaussen index for the
study area of Chania
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Based on the available climat ic data of the following meteorological station (a) Chania, (b)
Tauronitis, and (¢) Kandanos, the study area is divided in the upper zone which is more
wet with lower aridity index (BGI = 103) and the lower more dry zone (BGI = 155) (Fig. 24).
The upper wetter zone covers 47.8% and the lower less wet zone covers 52.2% of the total
area.

Potential evapotranspiration in relation to soil and climate characteristics determines the
needs for water to the growing plants. Irrigation water requirements can be defin  ed as the
amount of irrigation water in addition to precipitation required to produce the desired

crop yield and quality and to maintain an acceptable salt balance in the root zone. This
quantity of water must be determined for such uses as irrigation sche duling for a specific
field and seasonal water needs for planning, management, and development of irrigation
projects.

Evaporation of water from the soil and plant surfaces and transpiration from the stomata
cavities of plants account for more than 98 perc ent of the crop water use of most plant
species. Evaporation and transpiration are difficult to measure because the rate of water
vapour movement from several surfaces into a dynamic environment varies with time. The
process of making measurements can alter the local climate around the plant and change
the actual rate of evaporation or transpiration. Therefore, for most irrigation applications,
evaporation and transpiration fluxes are combined and are called evapotranspiration.

The potential evapotranspira tion in Crete varies from 1,370mm/yr to 1,570 mm per year.

The mean annual actual evapotranspiration has been estimated to represent 75% to 85% of

the mean annual precipitation in low elevation areas (less than 300m ASL) and 50% to 70%

in high elevation ar eas (Regional Governor of Crete, 2002). The rainfall seasonality index

(SlI') is 0.69 which characterize the precipitatio
Therefore, under the high evapotranspiration demands and the high rainfall seasonality of

the Chania region, plants will be subjected to high water stress during the summer period.

The degree of water stress will be also related to soil water storage capacity.

Soil water storage capacity has been determined based on soil characteristics. As Table 8
shows, the major soil water storage capacity classes are 101 -150, 151-200, and 201-250
mm of water covering 22.9%, 19.5%, and 21.8% of the total area. Classes of very high (>250
mm water) and very low (50 -100 mm water) soil storage capacities are almost equally
distributed in the study area (16.3%). Areas in which soil has been completely or almost
washed out by erosion (soil depth usually less than 15 cm) have very low water storage
capacity (less than 50 mm of water). Under such conditions natural vegetation is  highly
degraded with dominant plant species Mediterranean machia (frygana).

Table 8: Distribution of soil water storage capacity classes in the study area of Chania

Soil water storage <50 50-100 101-150 151-200 201-250 >250
capacity (mm)

Area (%) 3.2 16.4 22.9 19.5 21.8 16.2
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As Fig 25 shows, good soils with high water storage capacities (>150 mm) are mainly
located in the northern part of the study area. Soils in theses areas are relatively deep
(soil depth >100 cm), medium - to fine - textured, formed o n alluvial deposits, marl, shale
or conglomerate parent materials. Soils with intermediate values of water storage
capacities (100-150 mm) are mainly located in central part of the study area characterized
as moderately deep (soil depth 60 -100 cm), medium- to fine textured, and formed mainly
on marl, shale and conglomerate parent materials (Fig. 20). Soils with lower values of
water storage capacities (<100 mm) are mainly found in the central and southern part of
the study area characterized as relatively s hallow (soil depth <40 mm), formed mainly on
shale and limestone parent materials.
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Figure 25: Map of soil water storage capacity distribution classes of the study area of Chania

Messara valley. The climate of the Messara valley is characterized with mild  moist winters
and dry, almost cloud -free, hot summers. The average annual rainfall, based on the
meteorological station of Gortis, is 570.5 mm for the Messara valley. As Fig.26 shows, the
irregular annual distribution and the scarcity of rainfall duringt he dry period (May-
September) favours high water deficit in the growing plants. The total amount of rainfall
during the period May to September is 35.1 mm, while the potential evapotranspiration for
this period is estimated more than 870 mm. Plant growth f or vegetables and citrus without
supplying water by irrigation is not possible during that period. Olive trees can survive
under the existing dry climatic conditions of the area without irrigation but the decrease in
olive production can be more than 50% as compared to irrigated land.
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Figure 26: Annual rainfall distribution in the Messara valley (source: Greek National
Meteorological Service)

Although the Messara valley receives on average 570.5 mm of rainfall per year it is
estimated that about 65 % is lost to evapotranspiration, 10 % as runoff to sea and only 25 %
goes to recharging the groundwater store. Rainfall increases with elevation from 570from
570 mm in the plain areastoareas to about 800 mm on the Valley slopes while on the Ida
massif the annual precipitation is about 2000 mm and on the Asterousian
mountainsMountains is 1100 mm.

Based on the available climatic data of the Gortis station, the Messara valley is
characterized with high aridity index (BGl = 217) and the upper wetter zone (zone (B4 =
145). Pan evaporation is estimated at 1500 = 300 mm per year while the winds are mainly
westerly. The potential evaporation is estimated at 1300 mm per year (Vardavas et al.,
1996) and the ratio of mean annual rainfall to potential evaporation for the  Valley is about
0.5 and hence it is classified as dry sub-humid according to UNCED (1994) definitions. The
rainfall seasonality index (SI) is 0.83 which characterize the precipitation regime of the
area as oOomarked seasonal wi & the highdriditpyapdrdinfay s easonod
seasonality indices in relation to the high evapotranspiration demands create adverse
climatic conditions with high water stress for the growing plants, especially during the
summer period. Water stress is further related t o the soil water storage capacity of the
soils. Soil depth affects the root depth which when it is decreased below a critical value,
water stress becomes serious treat for the growing pla nts leading to desertification.

Soil water storage capacity has been determined based on soil characteristics (Fig. 26). As
Table 9 shows, the major soil water storage capacity class is >250 mm of water covering
39.5% of the total area. Classes of 101-150 and 151-200 mm of water covers almost equal
areas 20.4% and 18.2%, repectively. Areas with soils of low (50 -100 mm) and very low (<50
mm) cover 12.5% and 4.4%, respectively. Theses areas are characterized with high
desertification risk since the soil water storage capacity is low due to shallow soil depth

and creating adverse conditions for the growing vegetation. These areas has been highly
eroded in the past with the rock (limestone or flysch) appearing in the soil surface in many
cases. Under such conditions natural vegetation is highly degraded with dominant plant
species Mediterranean machia (frygana) growing.
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Table 9: Distribution of soil water storage capacity classes in the study area of Messara
valley

Soil water storage <50 50-100 101-150 151-200 201-250 >250
capacity (mm)

| Area (%) 4.4 125 20.4 18.2 5.0 395
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Figure 27: Map of soil water storage capacity distribution classes of the study area of
Messara valley

As Fig 27 shows, good soils with high water storage capacities (>150 mm) are mainly
located in the lowland of the valley. Soils in theses areas are relati vely deep (soil depth
>100 cm), medium- to fine - textured, formed on alluvial deposits, marl, or conglomerate
parent materials. Soils with intermediate values of water storage capacities (100 -150 mm)
are mainly located in then hilly areas of the valley cha racterized as moderately deep (soll
depth 60-100 cm), medium- to fine textured, and formed mainly on marl, and

conglomerate parent materials (Fig. 26).

Environmentally sensitive areas to desertification (ESAS)

Chania region

Based on the stage of land degradation and the sensitivity to desertification four
categories of environmentally sensitive areas (ESAs) were found in the study area of
Chania, namely fragile, critical, potential and non -threatened. The most widely extended
ESAs areas are fragile (66.1% bthe total area) followed by critical (15.5%), potential
(10.8%9 and) and non-threatened areas (7.7%) (Fig. 27, Table 10Table 10).
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Fragile ESAs

Fragile ESAs (F1, F2F3and F3) are widely expanded in the whole study area (Fig. 28).
These areas are very sersitive to degradation under any change to the delicate balance of
climate, and land use. The soils of these ESAS are mainly found mainly in steep to gentle
sloping slopes, moderately fine -textured, stony in some cases, moderately deep to deep,
well drained formed mainly on marl, shale, and conglomerates parent materials. The
climate is mainly dry sub -humid with rainfall greater than 660 mm, and a very dry aridity
index (Al >150). These areas are mainly found on north -facing slopes, or occasionally on
south-facing slopes. The dominant vegetation is olives and in some cases shrubs or
Mediterranean macchia, characterised by a moderate to low fire risk, moderate to high
erosion protection, high resistance to drought, and vegetation cover usually greater than
75%. These areas are under moderate land use intensity and moderate or complete
enforcement of the policy for environmental protection.
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Figure 28: Map of environmentally sensitive areas to desertification of the study area of
Chania (N=none threatened, P=p otential, F1, F2, and F3=fragile, and C1, C2, C3=critical areas
to desertification)

Table 10: Dis tribution of environmentally sensitive areas to desertification defined in the
Chania region

Environmentally sensitive areas (ESAS)

Non- . . .

threatened Potential | Fragile Critical

N P F1 F2 F3 C1 Cc2 C3
Area (%) | 7.7 10.8 151 | 29.6 21.4 9.0 6.4 0.1
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Critical ESAs

The critical areas (C1, C2, and C3 in the map) covering 15.5% of the total area (Table 10),
are mainly located in the central and south part of the  study area (Fig. 27), have badly
degraded with very shallow (depth 0 -15 cm) to shallow (15-30 cm) soils severely to very
severely eroded, and poorly vegetated. They are areas with soils formed on limestone or
shale, used mainly as pastures. The climate is mainly characterised as dry sub-humid, with,
with rainfall greaterrainfall greater than 660 mm660 mm, and a dry aridity index (ranging
from 120-150). Areas of this subtype are mainly found on south -facing slopes with
dominant slope gradient >35%. The dominant vegetation is mainly phrygana or grasses
carrying a high fire risk, moderate erosion protection, and very high or high resistance to
drought. Vegetation cover is usually greater than 75% or in some cases is only 25-75%.
These areas are mainly under moderate land use intensity with incomplete enforcement of
the policy for environmental protection. Burning and overgrazing of  this climatically and
topographically marginal areas this climatically and topographically marginal area
constitutes a degradation -promoting land use, further deteriorating the existing land
resources. This area is very sensitive to low rainfall and extreme events.

Potential ESAs

These areas are mainly located in the northern part of the study area covering 7.7% of the
study area (Table 10). They are nearly flat to gently sloping slopes (slope <12%). Soils are
moderately fine -textured, free of rock fragments orfragments or stony, very deep, mainly
well drained formeddrained formed mainly on marl, conglomerates or alluvial deposits.
The climate is mainly drymainly dry sub-humid with rainfall greater than 660 mm, and a
very dry aridity index (Al >150). These areas are usually found on north facing -slopes or
they are flat. The dominant vegetation is mainly olives, and in some cases vines or  citrus.
The existing vegetation is characterized by high to moderate erosion protection, mainly
high resistance to drought, low fire risk and vegetation cover usually greater than 90%.
These areas are mainly under moderate land use intensity and complete enforcement of
the poli cy on environmental protection.

Non-threatened ESAs

Non-threatened areas by desertification are confined to  valleys with valleys with very deep
soils, nearly flat, usually well drained, mainlyand mainly free of rock fragments, formed
mainly on alluvial deposits, covering 7.7% of the study area (Table 10). The climate is
mainly dry sub-humid with rainfall 660 mm, and a very dry aridity index (Al>150). The
dominant vegetation is olives or citrus characterized by low fire risk,  high erosionhigh
erosion protection, highand high to moderate resistance to drought, and vegetation cover
usually greater than 90%. These areas are mainly under moderate land use intensity and
complete enforcement of the policy on environmental protection.

Messara valley

Based on the stage of land degradation and the sensitivity to desertification four

categories of environmentally sensitive areas (ESAs) were found in the hilly area of Messara

valley. The most widely extended ESAs areas are fragile (64.6% of the tota | area) (Table

11) followed by critical (25.2%), potential (9.8%) and non -threatened areas (0.4%) (Fig. 29).
The opinions expressed in this report are thos
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Table 11: Distribution of environmentally sensitive areas to desertification defined in the
Messara valley

Environmentally sensitive areas (ESAS)

Nor+ Potential | Fragile Critical

threatened

N P F1 F2 F3 C1 c2 C3
Area (%)

0.4 9.8 4.9 29.1 30.7 17.2 7.6 0.3

Fragile ESAs

Areas with mainly steep to gentle sloping slopes, and moderately fine -textured, stony in
some cases, moderately deep to deep, well drained soils formed mainly on marl, shale,

and conglomerates parent materials. The climate is semi -arid with rainfall greater than

510 mm, and a very dry aridity index (Al >180). These areas are mainly found on south -
facing slopes, or occasionally on north-facing slopes. The dominant vegetation is olives and
in some cases shrubs or phrygana, characterised by a moderate to low fire risk, moderate
to high erosion protection, high resistance to drought, and vegetation cover usually greater
than 75%. These areas are under moderate land use intensity and moderate enforcement
of the policy for environmental protection.
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MAIN STREETS
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Figure 29. Map of environmentally sensitive areas to desertification under the existing land
use and management practices in Messara va lley (N=non threatened, P=potential, F1, F2,
F3=fragile, and C1, C2, C3=critical areas to desertification)
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Critical ESAs

Areas with very steep slopes (dominant slope >35%), and usually coarse or fine - textured,
stony, shallow to moderately deep, well drai ned soils formed mainly on marl, flysch or
limestone parent materials, The climate is characterised as semi -arid, with rainfall greater
than 510 mm, and a dry aridity index (ranging from 120 -150). Areas of this subtype are
mainly found on south -facing slopes. The dominant vegetation is mainly phrygana or
grasses carrying a high fire risk, moderate erosion protection, and very high or high
resistance to drought. Vegetation cover is usually greater than 75% or in some cases is only
25-75%. These areas are maily under moderate land use intensity with incomplete
enforcement of the policy for environmental protection.

Potential ESAs

These areas are mainly located in the valley bottom of the study area. They are nearly flat
to gently sloping slopes (slope <12%). Soils are moderately fine -textured, free of rock
fragments orfragments or stony, very deep, mainly well drained to imperfectly
draineddrain formed mainly on marl, conglomerates or alluvial deposits. The climate is
semiis semi-arid with rainfall greater tha n 510 mm, and a very dry aridity index (Al >180).
These areas are usually foundusually found on north on north facing -slopes or they are flat.
The dominant vegetation is mainly olives, and in some cases vegetables, vines or citrus.
The existing vegetation i s characterized by high to moderate erosion protection, mainly
high resistance to drought, low fire risk and vegetation cover usually greater than 90%.
These areas are mainly under moderate land use intensity and moderate enforcement of
the poli cy on environmental protection.

Non-threatened ESAs

Non-threatened areas by desertification are confined to  valleys with valleys with very deep
soils, nearly flat, usually well drained, mainlyand mainly free of rock fragments, formed
mainly on alluvial deposits. The c limate is semi-arid with rainfall 510 mm, and a very dry
aridity index (Al>180). The dominant vegetation is olives or citrus characterized by low fire
risk, high erosionhigh erosion protection, highand high to moderate resistance to drought,
and vegetation cover usually greater than 90%. These areas are mainly under moderate
land use intensity and moderate enforcement moderate enforcement of the policy on
environmental protection.

4. Socio -economic description

Population density and structure

Population density isdensity is an indicator closely related with the level of human
pressure to natural resources. Population density is defined as the ratio between (total)
population and surface (land) area. This ratio can be calculated for any territorial unit, for
any point in time, depending on the source of the population data. An alternative
definition for population density is the number of persons per unit of area (which may
include or exclude cultivated or potentially productive area). Commonly this may be
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calculated for a country, city, another territory, or the entire world. The following
equation was used for calculation of population density:

No of individual _ Peope
Area of the regio - kmz
in which they liv

Population Densit =

Based on the data available for the area of Crete, the average population density is

relati vely low, 67.5 people/km 2, for the whole island , except, " for the large cities
(Chania, Heraklion) in which population density is high (greater than 4200 people km ).
Population density of course increase substantially (4 -5 times greater) during sum mer
period due to large number of tourists arriving in the island. Even though the population
density is not high in Crete, over -exploitation of the natural resources has been recorded
in the last four decades by expanding agricultural land in natural area s by deforestation,
increasing irrigated area in the olive groves, over -exploitation of water resources, and
overgrazing rangeland.

Concerning structure of the population, 50.6% of the population are males and 49.4%
females. The general data shows that the age distribution is almost the same for the ages
>65 and <15 years (16.3% and 17.0%, respectively) (Fig 29). The other two classes of ages
15-35, and 35-65 years representyears represent 31.2% and 35.5% of the total population,
respectively. Population ag e is related to the distribution in rural and urban areas.
Population of the rural areas working in the primary sector, sector consists of elder people
as well which is a fact with various advantages or disadvantages such as lack of knowledge
of new practic es, old fashioned way of cultivating the land, lack of information on recent
developments, etc, etc.

40 1
351

301
251

% 20+
151
10+

SN

<15 15-35 35-65 >65
Age

Figure : 30: Population age distribution for the island of Crete

Education level

Education is critical for promoting and communicating sustainable develop ment and
improving the capacity of people to address environment and development issues. It
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facilitates the achievement of environmental and ethical awareness, values and skills, and
effective public participation in decision making. Based on the statistic  al data of Greece
(year 2001), the distribution of education level has as following: (a) without any education
3.3%, primary school level 47.5%, secondary school level 38.4%, and university level 10.8%
of total population of Crete.

Level and source(s) of income main stakeholder groups

Based on the Greek Statistical Service, 21.7% of the Cretan population is working in the
primary sector (agriculture and fishery). The rest of population (78.3% ) is) is working on
industry, local administration, service, tour ism, etc. Parallel employment in agriculture
and tourism business is very common especially in rural areas close to the seashore.
Income of people leaving mainly in the upper hilly or mountainous areas comes totally
from agriculture or husbandry. Rural peo ple leaving close to the seashore have more than
65% of income form the primary sector, while the rest is coming from tourism.

Major livelihood supports available from the resource base listed above

The local economy of Crete isCrete is based on agriculture, tourism andtourism and
industry. The main agricultural products are: olive oil, early growing vegetables, oranges,
avocado, wives, grapes, milk, and meat with emphasis on olive oil production and cattle
rearing for dairy products. Other products incl ude bananas, and fruits crops, various fish
and shellfish. Within Greece, Crete isCrete is the 1st largest olive oil producer providing
about 37% of total national production. Milk production corresponds to about 13% of the
total national production, while the livestock is participated by 25% of the total

nationwide. Furthermore, early growing vegetables in greenhouses or in open areas isearly
growing vegetables in greenhouses or in open areas are estimated to 300.000-400.000
tones per year. The area of gre enhouses covers about 5360f% of the total area in Greece

Since 1960, an effort to break dependence on the cultivation of olive trees has been made
because unstable production has led to unstable income. Instead, the focus had turned to
tourism and the im mediate need to develop infrastructure (hotels, roads and transport) set
against a background of modernization that has become more evident since Greece's
accession to the EU. Today the tertiary sector is prominent while factors such as small size
land ownership, restricted natural resources, ageing population and low competitiveness of
agricultural products (due to high production and market competition), suppress the

growth of the primary sector.

Farmers' income is declining and depends increasingly on state subsidies and community

funds which, following revision of the CAP and the enlargement of the EU, are eventually

be reduced. The decline in farmers'i n f ar mer sd i ncome is the most i
affecting landaffecting land use decision making. The p rices of the main products (olive

oil, meat, and milk) do not follow the general trends of the market, thus reducing the

income. In many cases the prices of products such as olive oil decreased, while the cost of

living increased. Labour, fertilizers, pest icides and fuel costs have increased significantly

without any parallel increase in the prices of products. The great increase in tourist

numbers in the last few decades has greatly affected the economy of the island and land

use especially in the lowlands such as Messara valley, lerapetra plain, and Chania lower
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area along the coast. Furthermore tourism development has also largely influenced land
value in some parts of the island, affecting a significant part of  rural landrural land. The
main land use changes that occurred due to these processes were expansion of annual
agricultural crops (vegetables) and extension of urban areas into agricultural or natural
areas.

Impacts of land degradation on the livelihood of people and what groups are most
affected

Figure 30: Highly degraded and desertified grazing land (left) and olive groves in a fragile
area to desertification (right)

Land degradation and desertification are processes characterised by the deterioration in
land quality in terms of its capability to  functionally support a selected land use and
associated flora and fauna. Desertification may be considered as extreme land degradation
where land loses much of its natural productivity. Areas highly affected from

desertification in Crete are olive groves, vineyards and pastures. Pastures were mainly
characterized as to critical areas to desertification with shrubby vegetation, spare
deciduous oak and evergreen oak forests. Today, a large number of animals suchanimals
such as sheep, goats, and cows are scatered throughout in the hilly and mountainous
areasmountainous areas overgrazing the land. The result of this type of land management
is land degradation due to soil erosion (Fig. 30). Therefore , the, the amount of grass
growing is not enough to satisfy th e needs of the grazing animals. Farmers have to supply
large amounts of animal feed transported from other areas in order to compensate the low
land productivity. An additional amount of animal feed ranged from 200 kg to 280 kg ha ™
dependingonthedegreeof | and degradation. Therefore, shep
reduced affecting their level of life.

Olive groves are mainly cultivated in areas characterized as fragile or potential to
desertification. A field surveyField of the type of environmentally sen sitive areas and the
olive production have surveys of the type of environmentally sensitive areas and the olive
production have shown that olive oil production is reduced linearly as the stage of land
desertification. The average olive oil production decrea se from 1850 kg ha' to 650 kg ha™
as the type of ESA changed from non-threatened to critical. Efforts are made to increase
production by irrigating the land but farmers face severe problems of water shortage. A
large pressure is exerted on ground water r esources due to continuously increased
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demands for water consumption. The over -exploitation of aquifers has reduced the amount
and the quality of water allocated to the agriculture with adverse consequences to the low
land areas which are irrigated. Low pr ofitability due to low market prices, climatic events
such as drought and frost, competition from markets in other countries all lead to low
farmer s i ncome. I n some cases people can
is abandoned followed by mi gration of local people.

Major challenges of existing land resource management

The land users choose particular activities and management practices to use the land and
its resources to satisfy their needs. Major challenges of existing land resource manage ment
are relate to geographic location and limited access to infrastructure, high land
fragmentation, migration, changes in social values, family size and social structure, global
competition, regional, national and European policies, stage of land degrada tion.
Increasing demands for food favorsfavours monocultures. International migration from
developing to developed countries provides cheap laborlabour that support agricultural
production but also pressures on land resources. The first -generation CAP sub&dies
targeted agricultural product growth and farmer income support. They have
favoredfavoured agricultural intensification through unsustainable land management
practices. Another influential policy on land resources management was the financial
support (direct funding, loans, etc.), through the Structural Funds (SF) and the Cohesion
Fund (CF), for regional development programs and environmental protection works,
especially in areas lagging behind in development. Tourism policies and the particular
environment of Crete have favoredfavoured the uncontrolled development of tourism in

the area. The result was overbuilding of coastal and sensitive areas, land use change from
farmland and pastures to tourism, abandonment of low productivity land, over -exploitat ion
of water resources, shifting of irrigated to non -irrigated practices in olive groves, etc. In
some cases land has been abandoned as a result of external driving forces, such as market
changes, or internal changes, for example if the system crosses some invisible threshold,
such as the critical soil depth for plant growth.

Major drivers of main land degradation processes

The main drivers of land degradation in Crete are: EU and national policies, financial
markets, as well as culturesas cultures and climate variability. The Common Agricultural
Policy (CAP) through its structural policies support an adequate income to farmers,
contributing to the development of regional economies and the maintenance of

landscapes, especially in less favoured areas. Furthermore, the economical support under
the CAP accelerates the intensification and specialisation process in agriculture. Higher
farm prices under the CAP encourage farmers to produce more or to keep larger number of
animals in degraded areas. Large densities of animals leadsLarge densities of animals lead
shepherds to control undesirable growth of vegetation by wildfires, a common practice in
Crete for simulating the growth of palatable grass. Although Mediterranean vegetation is
well adapted to fire and usua Ily grows back after burning, it can be destroyed if burning is
combined with overgrazing. Several studies have shown that the combination of wildfires
and overgrazing are the main cause of rangeland degradation and desertification in the
Mediterranean Europe
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The EU production subsidies are highly important, sometimes become even more important
than agricultural prices. This is because with out these subsidies farmers would not be able
to carry on with their activity. Income determines the capacity of the farmer to invest in
infrastructures and labour (including conservation practices) in the farm. Farmers try to
maximise their farm income, s o their decision on land resources management is directed to
those crops that can provide better prices or assure higher income (such as from
subsidies). Hence the area under subsidy can also explain many of the changes in cropping
regime and therefore in the cultivation practices.

The higher profitability of irrigation farming and the low profitability of dry farming due to
the climatic conditions (mainly the low rainfall) convince farmers to change land use and
land management practices. There are great d ifferences, in terms of income, between
irrigation farming and dry farming. If dry farms border an irrigated area this can have an
effect on the farmers' decisions because farm income can increase if they use irrigation.
Most of the small dry farms are sti Il worked only by older farmers because of tradition, and
these farms are often abandoned when the farmers retire. Young people from rural areas
are much more attracted by the increasing tourist activity of the coastal areas than by
farming. When it is pos sible (if there is a way for obtaining water) some farmers change
the land uses into irrigation activities. This, however, is not always compatible with soil
resources, even if technology makes it possible.

The low prices of dry farming products and compet ition from other countries make it
increasingly difficult for farmers to maintain adequate incomes. Farmers then adopt
different cultivation methods in order to obtain public subsidies or change to more
profitable crops, even though the soil conditions may not be suitable. They might also
decide to clear natural vegetation and to grow olives or vines to increase their income.

This process is favoured by the large fragmentation of the land. Land parcels become
smaller and smaller because of the division of t he land when passed from father to son, or
when some parcels are sold. This leads to the new farmer treating farming as a secondary
or a weekend activity, so putting much less effort into it, and sometimes not enough effort
to maintain soil conditions or s oil conservation practices.

Fragmentation of land leads to less profitability, as land parcels become increasingly
divided, they pr ovide less and less income to the farmers causing the farming activity to
become secondary. This way farming is more likely to be abandoned. In addition, new
generations are more likely to sell the land than their parents, since they sometimes feel
less linked to the land, or just work somewhere else for a living, often far from rural areas.
Furthermore, new generations often move for education in urban areas and other more
profitable opportunities apart from farming are available for them so they remain in urban
areas in other economical sectors. As a result, farmers get older and finally, when they
cannot carry on farming, land is abandoned.

Parallel employment in tourist business assures some incomes for the farmer but also
affects land management, since less time and effort is available for farming activities. On
the other hand, the change in economic conditions due to tourist industry put more
pressure on the land resources.
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Climatic conditions are one of the most important determining factors affectin g
agriculture, in Crete. Under irregular rainfall with long dry period and high summer
temperatures, farmers plan cultivation practices in order to store more much rainfall into
the soil or reduce soil water evaporation by tillage. Such practices in hilly  areas greatly
contribute to high erosion rates due to surface water runoff and tillage operations.
Farmers consider that the understory vegetation competes with their crops for rain water,
so they remove it by chemicals or by cultivating the soil.

In the | ast few decades the landscape of Crete has experienced a dramatic explosion of
new activities, such as mass tourism, growing urbanization and intensive irrigated
agriculture, extensive single cropping, all leading to a progressive decline in traditional
agriculture. In some dry areas farmers sell their land for building new tourist
infrastructures. The low incomes from farming activities, and the high prices offered for
tourist activities motivates farmers to change land use, reshaping landscape and alterin ¢
resources.

5. Institutional and political setting

Existing institutions involved in natural resource management and desertification

The following authorities and institutions are involved on natural resources management
and desertification:

The four Prefect ures of Chania , Rethymo, Heraklion, and Lasithi  which constitutes the
local authorities that take part in the decision making processes regarding water
management.

The General Administration of Crete  (Periphery) which coordinates the activities and
decision making processes.

The OADYK- Organization for the Development of Western Crete which is the
administrators for domestic water supplies in the island. They have an overall
responsibility for the type of activities or measures considered and proposed, at least on
what concerns domestic water supplies.

The OANAK-Water Resources Management of Eastern Crete Plans. Organization of Water
Resources Management of Eastern Crete. ThisOrganization aimsOrganization aims to
formulate a methodological framework to con front drought and water shortage based on
proactive planning. The action plan includes the following steps: (a) identification of areas
under high water scarcity risk, (b) develop of knowledge based system for estimation of
anticipated impacts of water sho rtage, (c) formulation both a strategic water shortage
preparedness plan and an emergency plan. Source: www.oanak.org.gr .

The Union of Agricultural Associations . It represents the traditional agricultural
character of the island, it is directly involved in water use through irrigation and it is also
directly affected by water allocation.

The ISPOT - Institute of Subtropical Plantations and Olive Trees in Chania (NAGREF).
It is a research institute belonging to the M inistry of Rural Development and Foods.
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The Institute of Vines, Vegetables and  Flowers of Flowers of Heraklion (NAGREF) . It is
ais a research institute belonging to the Ministry of Rural Development and Foods.

The Institute of Plant Protection of Herakli on (NAGREF).It is ais a research institute
belonging to the Ministry of Rural Development and Foods.

Existing civil societies (CS), and traditional organisations

There several local civil societies in Crete working on protection of the environment. Such
societies are the following:
- Ecological Initiative of Chania
- Cretan Network of Environmental Organization
- Environmental Association of Rethymnon
- Ecological Group of lerapetra
- Ecological Group of Sitia
- Environmental-Ec ol ogi cal Association of Malia ORiver
- Company for Protection of White Mountains 0

- Association for Promotion of Renewable Energy Sources and Resolution of Energy
problem in Crete

- Ecol ogical I nitiative of Mountainous Munici peé
- Ecological intervention of Heraclio n
- Ecological Initiative of Foinikas Municipality
- Environmental Association of Itanos Municipality
- Environmental Association of Vianos Municipality
- Association for Protection o f the Environment and the traditional villages of
Hersonisos
- Environmental Group of University of Crete.

Existing laws and policies for land and water resource management

The policies and laws are related to the UNCCD and to the European and national issues on
land degradation and desertification. The following regulations, laws and  actions have
been undertaken in Greece including Crete:

Establishment of the Greek National Committee for Combating Desertification

(GNCCD) in 1996. The Greek National Action plan provides the central coordination and
monitoring of the Convention implemen tation is undertaken by GNCCD. It also provides
that Local Committees for Combating Desertification should be created and

function functions, according to NAP in each region and prefecture. The organization of
these committees in collaboration with the foca | point belonging to the Ministry of Rural
Development and Food haveorganization of these committees in collaboration with the
focal point belonging to the Ministry of Rural Development and Food has been recently
initiated.

Ratification of the United Nati  ons Convention to Combat Desertification by virtue of
Law 2468 published on March 6th, 1997.16. Following this, UNCCD predominates over any
and all contrary provisions of national laws.

The opinions expressed in this report are thos ) o
of the DESIRE Project consortium and do r 116 |StUdy Site Descrlptlon Greece / Crete

necessarily reflect the views the European
Commission.



vwww.desire-project.eu

g Warld Soil Information
aCt

Compilation of the National Action Plan for Combating Desertification which was
officially published in its final form in 2001 and was widely distributed to the state holders
and to the related governmental, non -governmental and local governmental agencies.

Adaptation of GNAP in 2001 by the Ministers of Agriculture, Internal affairs, Foreign
affairs, National Economy, Environment Physical Planning and Public Works. The decision
N0.99605/3719 was published in the Official Gazette on July 2001. According to paragraph
2 the services of the mentioned ministries are ordered to inc orporate the GNAP measures
proposed in their planning.

Establishment of a Central Water Authority in autumn 2005 aiming to a more rational
management of the water resources at national level, covering both quantity and quality
issues. It will be complemen ted by the Regional Water Directorates. This will be the
national administrative mechanism for water policy and quality control as well as for the
implementation of the EC Water Framework Directive 2000/60.

Establishment of a working group  responsible for issues relatedto the 6t he o Connecti or
of Policy on Water and CAP&6 has been-1d2006e!| oped (
by the Ministry of Rural Development and Food to contribute to the task of the

establishment of the water policy. Its main objecti ve is the definition of measures for the

directiveds materialization. Ministerial Deci si o
categories of possible permissions for water use and the procedures needed to follow in
each case.

In October 1999, following a long consultative and participatory process, an important step
in national legislation was taken, which could play a major role in combating

desertification in the long term. Law 2742/1999 " On Planning and Sustainable
Development"wasd was p a s awneains at dstablishing fundamental principles,
agencies, procedures and means of regional planning for forwarding sustainable and
balanced development, strengthening production and social cohesion, and securing
environmental protection in the national are a.

Al so, the Ministerds deci si oQodena GobdAYreut@adl 2478 est
Practice . In this decision, a list of general obligations for farmers is included. There will be

a Code for every relative sector of Agriculture. Up to now, the "Cod e of Good Practice for

the Protection of Ground Water by Nitrogen Pollution of Agricultural Origin" by decision

no.85167/820 has been published. The Ministries responsible for the management of the

water resources have decided to co -ordinate their activiti es, as it is proposed in the NAP,

by the creating a Central Coordination Body and to speed -up processes for the

implementation of the E.U. Directive 2000/60 for the sustainable management of the

water resources.

Codes of Good Agricultural Practice have been revised and updated through the
125347/20-1-2004 Common Ministerial Decision as amended by the 140920/25-11-2005
corresponding decision, to satisfy the current demands for environmental protection and
assure the compatibility to the new Common Agricultur al Policy. These codes interfere in a
very wide spectrum of the agricultural and husbandry activities as well as to other
specialized cases. Such cases are areas or zones subjected to special treatment policies.
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They include: plant coverage in soils with s lope over 10%, strip rotation along contour lines
(with legumes alternating with other annual crops), the minimum ploughing, the ploughing
along contour lines in fields with slope over 10%, the alternating cultivated and fallow

strips, the use of non soil eroding irrigation systems on sloping land, the reduction of
grazing density, the prohibition of the burning of crop residues in soils with slope over 10%
and the prohibition of deep ploughing more than 40 cm if there is no need for grubbing

long root weed s or breaking a leak tight soil horizon. For example the subsidies to those
exercising biological agriculture are given on the condition they apply the above measures.

Extension and training (availability and adequacy)

The Ministry of Rural Development and Foods, which is the main responsible for the
management of natural resources, is continuously upgrading the extension and training
programs in issues related to the agricultural competitiveness, the integrated development
including environmental protectio n, encourage of biological farming, ensuring the social
cohesion and the security for the entire agrarian population, subsidizing of young farmers,
as an effort to decrease the average age of agricultural population, etc. All this actions are
promoted thro ugh the local institutes, the local agriculture administrations units, and
private sector involved in agricultural issues.

Local Canters of Rural Development have been established by the Ministry of Rural

Development and Food started operating in 2006 and they have contributed have

contributed significantly in the area of farmerd
positions have been created (created (law 3377, official Gazette no 255/17/4/2005 -1 W)

and 65 more positions will be covered by existing s taff members in Regional or Prefectural
Administrations.

6. Relevant end -users/stakeholder groups

The groups of stakeholders and actors that are involved with or are directly influenced by
the decision-making process are:

- The Ministry of Rural Development and Foods,

- The Ministry of Planning, Public Works and Environment

- The Ministry of Internal Affairs

- The four Prefectures of Chania, Rethymo, Heraklion, and Lasithi

- The General Administration of Crete (Periphery)

- The OADYKd Organization for the Development of Western Crete

- The OANAK Organization of Water Resources Management of Eastern Crete

- The Union of Agricultural Associations

- The ISPOT- Institute of Olive Tress and Subtropical Plants of Chania (NAGREF)

- The Institute of Vines, Vegetables and Flowers ofFlowers of Heraklion (NAGREF).

- National Agricultural Research Foundation &NAGREFNAGREF,

- The Institute of Plant Protection of Heraklion (NAGREF)

- The Municipality of Agia Barbara
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7. Pastand on -going projects

The review of the existing information on lan d degradation and their solutions in the island
of Crete shows the following research projects, publications, and actionsand actions
funded by European Commission or National funds:

Mediterranean Desertification and Land Use 0MEDALUS |.The primary objec tives of this
project were: (a) to investigate the physical, biological and socio -economic processes
leading to and continuing to cause desertification in the Mediterranean regions of Europe,
(b) to model the processes with a view to projecting the impact  of climatic changes and
changes in socio-economic activities, especially Community policy on the landscape system
of the Mediterranean, and (c) to identify possible mechanisms for mitigating these effects.
This project include This project includes informat ion on socio-economic dimensions of
desertification in Crete, landscape dynamics in relation to desertification, temperature

and precipitation long -term trends assessemenassessment. Source: MEDALUS | final
report, contract number:. EPOGCT9060014 (SMA).

Mediterranean Desertification and Land Use O0MEDALUS II.The main objectives were:

(a) to monitor parameters related to desertification at field site level, (b) to develop a

new physically-based model designed to operate at river basin scale and to simulate
landscape changes over long period, (c) to investigate methods for mitigating

desertification, and (d) to conduct thematic researchthematic research to a regional scale.
This project includes information oninformation on field observations and measurement s to
provide an historical context for the physical and biological changes currently taking place

in Crete. Source MEDALUS II, Project 3 final report, contract number: EV5V -CT920165.

The Future of Olive Plantation Systems on Sloping and Mountainous Lard; Scenarios for
Production and Natural Resources Conservationd OLIVERO. The main objectives of this
project were: (a) to analyze the natural resources of olive groves, to design scenarios for
the future development of sloping and mountainous olive planta tions (SMOPS), and (b) to
indicate the implication in terms of extension recommendations and socio -economic
policies in Mediterranean Europe including the area of Chania &Crete. Source: OLIVERO
final report, contract number: EU QLK5CT200201841.

Ecological Basis of Livestock Grazing in Mediterranean Ecosystems, workshop
proceedings, edited by V. P. Papanastasis and D. Peter, 1998. This publication includes
many topics on grazing and vegetation, grazing nutrients and desertification, grazing
planning and environmental implications, and policies and strategies on livestock grazing in
Mediterranean ecosystems. Several of these topics include results of research conducted in
Crete. Source: European Commission, Science, Research and Technology, publication
number EUR 18308.

The Nature of Mediterranean Europe, an Ecological History. Grove, A.T., and Rackham
Oliver. 2001. Yale University Press, New Haven and London. This publication trace This
publication traces the evolution of climate, vegetation, and landscape i n southern Europe
including Crete from prehistoric times to present. They investigate the nature and function
of agricultural terraces, of fires, of Mediterranean savannas and of karsts, badlands and
other desert -like landscapes.

) o The opinions expressed in this report are thos
119 |Study Site Description ~ Greece / Crete of the DESIRE Project consortium and do r

necessarily reflect the views of the Europee
Commission.



- desire-proiec Warld Soil Information
yww.desire-proiject.e

Sustainable Use of Water Resources and Rural Development in Drought Affected Areas
0IMAGE, 2008. The objectives of this project were: (a) to elaborate integrated strategies
for the spatial development of protected zones through sustainable development, (b) to
improve the demand -supply balance of water, particularly in zones facing the risk of
drought, (c) to develop and apply economic tools for the management of water resources
in zones suffering from drought, and (d) to promote transnational cooperation for the
implementation of integrated strategies for managing water resources especially in zones
threatened by drought or floods. This project has included Chania region as a study area.
Source: BU Community Initiative Programme INTERREG IIl B ARCHIMED, project number A.
1.068.

A study of the soils of Messara valley in Crete, Greece, Yassoglou, N. 1972 . This report
includes a detailed study of soil resources of the broader area of Messara Valley. It can be
used for defining sensitive of the area to land degradation and desertificati on. Source:
Greek Nuclear Centre Democritus, Department of Earth Sciences.

The status of water resources in Minoan times - A preliminary study , Angelakis, A.N.,
and S.V. Spyridakis. 1996. In: Diachronic Climatic Impacts on Water Resources with
Emphasis onMediterranean Region (Angelakis, A.N. and A. Issar, Eds.). Springer-Verlag,
Heidelberg, Germany, pp. 161-191.

Atmospheric precipitation in the Island of Crete. PhD Thesis. School of Physics and
Mathematics, Univ. of Athens, Athens. Markou -lakovaki, M. 1979.

Daily rainfall -runoff water budget model for the desertification threatened Messara Valley
of Crete ,Vardavas, L M., Kolovos, A. and Papamastorakis, A. 1996. University of Crete.

Greek National Action Plan for Combating Desertification, Greek National Committee for
Combating Desertification, 2001. This report includes general guidelines for combating
desertification defining desertification defining separately for each sector such as
agriculture, forests, pastures, water resources, policies and socio -economics. Source:
www.GNCCD.com

Combating Desertification in Mediterranean Europe & Linking Science with Stakeholders o
Desertlinks, 2006. The objectives of this project were: (a) To collaborate with local stake
holders in desertification affected regions o f Mediterranean region, (b) to maintain and
expand working relationships with the UNCCD and the Desertification Focal Points for
Portugal, Spain, Italy and Greece and to collaborate on the specifications for a practical
Desertification Indicator System for Mediterranean Europe, (c) To complete a
Desertification Indicator System, DIS4AME system providing tools relating to Environmental
Sensitivity to Desertification, desertification risk under different land uses, and the effects

of management practices on de sertification. Crete and more specifically Chania region was
used for application of the developed desertification indicator system. Source:
DESERTLINKS final report: contract number EVKZT-2001-00109. Source:
www.kcl.ac.uk/DESERTLINKS.

Towards Sustainabke Use on Mediterranean Islands; Addressingconflicting
demandsconflicting demands and varying and hydrological, social , and, and economic
conditions d MEDIS. The objectives of this project were to give assistance in solving
problems on sustainable use of Mediterranean islands including Crete and finding solutions
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following a holistic, interdisciplinary approach, involvinga  major team of scientists ,
experts and stakeholders who know the Mediterranean problems and who partly live there.
MEDIS takes into consideration and integrates altered hydrological conditions, agricultural
practices and tourism, as the major water consumers, as well a s socio-economic demands
and conditions. The overall goal of the project is to define  recommendations for equitable
and sustainable water management on Mediterranean islands, that are not only based on
scientific investigations (hydrological, agricultural and socio -economic data) but also on
stakeholder demands and experience. Source: www.crete -region.gr.

Spatial and Environmental Observatory d DIAS. In DIAS project, a GlSbased tool is
developed for the decision -making process in gatial planning and the promotion and
protection of the natural and cultural environment. The system uses base -maps, aerial-
photos and satellite pictures of the DIAS area ... It allows efficient and rigorous
environmental management for the registration and allocation of the available natural
resources, to increase public awareness on environmentally sensitive issues towards an
integrated planning strategy. The DIAS Observatory will permit an integral or partial access
to the environmental components, thus g iving an opportunity for correct evaluation,
successful management and natural resource planning for the environmental protection
and sustainable development. For the Region of Crete the DIAS project (Dikti, Idi,
Asteroussia mountains) refers to the whole or parts of Rethymnon, Heraklion and Lassithi
Prefectures to the southern part of Crete, and includes 16 Municipalities covering 1,783
km2 with 63,012 inhabitants. Source: www.crete -region.gr.

Integrated Management of Water Resources of Crete. Prefecture o f Crete, Department of
Planning and Development, Sector of Water Resources Management. The objectives of this
projects are (a) to collect, classify, and evaluate data related to water resources
management of Crete, and (b) to develop a decision support sys tem allowing the local
authorities of the island the sustainable management of the water resources in such a way
minimizing social, economical and environmental conflicts. Source: www.crete -region.gr/ .
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Study Site description 0 Nestos / Greece

1. Responsible IP partner
Democritus University of Thrace (DUTH).

2. General information

The Magganastudy site is situated in North Greece (Thrace region). It covers an area of

approximately 50 km ? which exte nds to the alluvial deposits of the east Nestos river delta

adjacent to the river and the coastline of Thracean Sea (Figure 1). The coordinates of

central point of the study site are Latitude: 40°54 6 57. 936 N ahxld olnlg.i& ud e
E (Figure 2). The morphology of the region is plain and it is characterised by a very low

relief and shallow pits, the latter being localized to the S and SE, forming small ponds,

which are part of the eastern Nestos delta wetlands. The most important land degradation

process affecting this area is soil salinization. The main reason for soil degradation is the

excessive use of saline water resources for irrigation.

BULGARIA

XANTHI KQMOTINI

l_—LI Vistonida

Lagoon

Nestos River

Fioure 2: Maaoana Studv Site Landscapne (NASA 2008).
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Figure 3: Location of Maggana study site (NASA 2008).

During the decades of the 195068 and @86 0s, a-contmling engineeringfworksl o o d
have been condructed, in the framewaork of conceived wetlands management system. These
works included river diversion, caisson, modification, draining of wetlands and construction

of drainage canals. These interventions have been carried out without any provision forth e
induced changes in the ecological balance and the interruption of groundwater recharge
regime. With the progressive implementation of land improvements, the arable area was
protected from the floods and significantly expanded. F urthermore, the expansion of the
cultivated land required additional quantities of irrigation water, in local scale , and a large
number of groundwater wells were installed. Thus, the groundwater table declined during
the following years and seawater intruded into the coastal aquif ers up to several kilometres
inland.

3. Bio-physical description

Land use:

The study site of Maggana is situated in North Greece (Thrace region), extending within a
recent sedimentary delta environment formed by the Nestos river deposits. The Nestos

river de Ita, having a total area of 540,700 km 2 consists today of ~284,300 km? of
cultivated land. The eastern part of the delta, having a total area of 176,400 km 2, consists
up to 60% of cultivated land (~ 106,630 km ?), the irrigated being 89,893 km 2. The main
crop types used are maize, which covers over 50% of cultivated areas and is follow ed by
cereals, sugar beets, tomatoes, cotton, soya and tobacco crops.

Livestock-farming is performed in fragmentary sites within the region. Dat ur al f or est s
coastal marshes can also be found in the delta region. On some beaches reforestation with

Pinus brutia and Pinus pinaster has taken place. Herb species such as Pancratium

maritimum , which previously abounded in sand dunes, are threatene d today because of

tourism. Also the Leucojum aestivum which sprouts in humid flat extents, is in danger from

desiccation and modern agriculture, while it is rescued only locally.
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Climate:

The study site area is characterized by a semi-arid climate, with a mean annual
precipitation of 5 70mm. Rainfall mostly occurs during autumn and winter months. Air
temperature ranges between some degrees below zero ( -5°C) in winter time, and 37 °C
during summer.

Geology:

From the geological point of view, the research a rea is located on recent deltaic sediments,
which were derived mainly from the deposits of Nestosriver. Ac har acteri stic of del
sediments is the heterogeneity of materials. Various texture layers interlace each other to

all directions. Also the presence of organic clay in several sites is characteristic, due to
stagnant waters (marshes) of the delta. The lack of layers with coarse -grained materials
(shingles, gravel) and the presence of thick layers of clay materials, reveal the weak
activity of Nes tos river in the Eastern compared to the Western region, and the origin of
the region from flood processes. This has played also an important role in the absence of
dynamic aquifers. The alterations of sand, clay and silt deposits, which result sfrom a
wide range of structural and depositional processes, produced a heterogeneous geological
environment. These deposits are surrounded and combined in deeper layers with older
sediments, originating from the hilly regions.

Hydrogeology:

The structureandt he constitution of the materials of del

the hydrogeological model. Two distinct hydrogeological systems are formed within the

alluvial deposits of the wider study area:

1 The shallow system, consisting of phreatic and most ly of semi-confined aquifers
extends down to a depth of approximately 30m. Natural recharge to this system
originates mostly from the infiltration of rainfall and less from the stream percolation
of the northern hilly area. During the last decade, a great amount of small diameter
shallow wells (up to 15m depth) were set in operation. Nowadays, only few of them are
still working, whilst most of them have been replaced by deeper wells (up to 50m
depth).

1 The deeper aquifer system consists of confined aquifers , extended to a depth of at
least 190m. Natural recharge to this system originates to a great extent from the
Nestos river, through buried old stream beds, and from the lateral groundwater inflows
coming from the adjacent hydrogeological basin of Vistonida Lake.

Research conducted by our group (including the study of borehole data, geophysical
research and lithological studies) revealed that the recent sediments upon which the  study
site area lies, have a thickness of a few tens of meters. Up to 30m, alternations of sands
and clays can be found with a predominance of sands. Then a layer of marly materials is
interfer ing, with a thickness of over 50m, followed by alternations of clayey and sandy
layers. In the central region of the study site, where marshy areas were located in the
past, clay materials prevail from the surface up to 60m deep (with the exception of the

first 2m), while deeper in the profile (up to the 115m) clays mixed with sand and gravel

were detected. The deeper aquifer system however is not significantly affected by sea
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intrusion, although it is mainly located to a depth of more than 115m. The southern part of
the study site consists of permeable materials with alternations of river -torrent and marine
deposits.

Figure 4: Land u se changes in the study site region between 1945 (left) and today (right).

Water resources:

The construction of drainage works within the Nestos delta, during the 1950s (see Figure
4), have resulted in a considerable increase of the cultivated and irrigated land. However,
the natural recharge of the phreatic aquifers was dramatically decreased and the
wetlands, located in the coastal region of the study site, gradually vanished. In the
northern part of the east Nestos delta (region of Thalassia -Kremasti), a freshwater
transportation network (concrete ditches and canals) has been constructed which s upplies
an area of 31.000km?. This part of the delta was significantly developed, including the
reformation of crop cultivation, the import and the extension of new plant types of high
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income and the growth of livestock -farming. In the study site area irri gation is mainly

accomplished by groundwater sources and over 2.500 wells have been recorded.

Continuous (over-)pumping for irrigation purposes resulted in seawater intrusion, thus

groundwater quality was significantly deteriorated. The salinity levels of the phreatic

aquifers in the study site region vary from 2000 to more than 8000 OS/ ¢cm ( Tabl e 1) .
Laspias stream is located across the eastern side of the study site area and water is

transported for irrigation purposes in adjacent fields.

Soil salinizatio n:

The irrigated land is not highly productive because of the accumulation of soluble salts and
exchangeable sodium. The most degraded soils of the eastern delta are located in the
Magganastudy site area.

The main causes for soil salinization are:

Absence of freshwater sources and irrigation with saline groundwater
Poor soil drainage

Shallow groundwater table with high salt content

Low precipitation and increased water loses during the dry season

= =4 —a A

In Figure 5, the distribution of soil salinity and p H are shown at different sampling points in
the study area. In Figures 6 and 7 photographs from typical saline and sodic soils of the
area under consideration are presented.

Table 1. Groundwater level and electrical conductivity in the study site area

a/a Distance from Groundwat Electrical
the Altitude (m) er conductivity
coastline (km) level (m) (GS/ ¢ m)

S7 0.57 <0.5 0.4 24200

003 0.60 <0.5 0.9 8000

039 2.37 3.0 15 2300

S4 212 2.3 2.0 2800

040 2.22 2.3 2.0 2300
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aa | EC (mS/cm) pH
003 17510 10,21
00g 228 5,54
011 16830 8,61
01z 2460 8,06
013 117 745
014 99 5,81
015 2721 7,92
017 4110 6,15
029 1531 8,05
032 6030 8,53
033 1534 8,52
034 14570 ) 7,55
0335 5400 8,77
036 2720 740
037 432 775
038 11140 2,10
039 2170 8,07
040 53310 543
ooz 232 6,52
22 9740 8,53
33 2190 9,12
34 2300 5,39
37 3200 8,70
28 6380 5,02
29 10800 6,52

Figure 5: Sampling points in the study site area and the electrical conductivity and pH of
the 1:1 soil paste of the surface soil layer (0 -5cm).

The coastal zone (~ 1km inland) houses mainly natural saline soils and salt marshes. Salinity
l evel s up t ocandlpA @ updSLO wene detected, while groundwater table
was often above 1m from soil surface (see Table 1). The cultivated land is located Northern
from this area and varying degrees of salinity and sodicity can be found (see Figure 6).

Figure 6. Sal ine-sodic soils in the coastal area of Maggana.
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Figure 7: Soil desertification due to accumulation of salts

4. Socio -economic description

Three villages are located within the study site area having a total population of 2010
people (2001 population census) (Table 2).

Table 2: Study site area settlements and population

Population
Village Families | Male Female Total
Maggana 234 399 384 783
Erasmio 308 516 537 1053
Dasohori 52 85 89 174
Total 594 1000 1010 2010

The opinions expressed in this report are thos
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Only a small part of the younger population migrates to large cities, but this has nothing to

do with soil productivity. They just seem to be
There are no clear numbers (from researches) showing the exact percentage eit her of

illiterate people, or the graduates (from primary school, secondary school, university, etc).

From conversations with local people emerges that almost everyone has completed

primary school, a big percent (around 80%) has graduated from secondary school, and some

of them (about 30%) continued to bachelor studies at the university. From the viewpoint of

ethnicity and languages, all farmers living in the villages within the research area have

Greek origin and talk mainly Greek.

Annual income distribu tion in the research area approaches numbers that correspond with
poorer population ; around 4.500-1 1 . 0 0 O Gs.probRlblyi dse to the presence of big
number of pensioners in the area.

The majority of the families, living in the research area, susta in their livelihood mostly
from agricultural activities but also from livestock. Croplands are dominantly irrigated by
wells (groundwater) and only those which are near to streams are irrigated with
freshwater.

Because of the overpumping of the aquifer in order to water the field crops , there has
been seawater intrusion over the past years. As a result, irrigation with groundwater led to
saline soils. The group that is most affected by this proce ssis farmers of course, who are
aware of this desertificatio n problem. The degradation process significantly affects the
quality of life of the local people. Saline soils lead to low productivity and thus to lower
incomes (poverty) and increase social unrest.

Although the farmers are totally aware of the on -going degradation problem that affects

their fields and their lives, they seem to be unwilling to change the way they irrigate their

fields (with groundwater) as |l ong as they dondt
such as freshwater from local streams. A Iso, lack of information about how the saline

fields can be cured is something that make the farmers believe that this situation is

something permanent and will be extended to broader area.

5. Institutional and political setting

International conventions

The study site area is enlisted in the Convention on Wetlands, signed in Ramsar, Iran, in

1971, which is an intergovernmental treaty which provides the framework for national

action and international cooperation for the conservation and wise use of wetlan ds and

their resources. The delimitation of the protected areas according to the above convention

is described in the Official Government Gazette of the Hellenic Republic OGG 8 54/ BY 1 6
96.

131 |Study Site Description Greece/ Maggana The opinions expressed in this report are thos
of the DESIRE Project consortium and do r
necessarily reflect the views of the Europee

Commission.



Warld Soil Information

vww.desire-project.eu

Itis also enlisted in the Natura 2000 Program (May 1992) whichadopts a legislation
designed to protect Europeds natur al resources.
Directive and it protects the most seriously threatened habitats and species across Europe.

The UN Convention for Combating Desertification was rat ified the Greek Parliament on
February 28, 1997 and has become a State Law. It provides for a development of a National
Action Plan for combating the phenomenon in the country. The Treaty also includes a
special annex for the Mediterranean countries (Annex V).

National and local legislation

Since December 2003, a new legislative and institutional framework has been put into

force in Greece. It consists of Law 3199/9 -12-2 003 ( OJG 280A/ 2003) on the
and the sustainable management of the waterre sour ces 6 with which the EU
Framework Directive (WFD) (2000/60/EC) is transposed into the national legislation. This

new framework Law foresees a radical r eorientation of the respective administrative

capacities and introduces an innovative and holist ic approach concerning water

management that recognizes explicitly the ecological function of water. It lays emph  asis

on management of water on river basin level as well as on water pricing so that it reflects

its full costs. The 3199/03 Law also incorporat es thet@&popays principlebo
objective of maintaining or reaching a 6good eco
through control of pollution by use of thresholds levels and standards. It also introduces

innovative approaches concerning protection of water quantity and cooperation on

transnational level.

Joint Ministerial Decision No 69269 (2003), which has to do with the categorization of
works and activities, the content of Environmental Impact Assessments, the determination
of the cont ent of Special Environmental Studies and other related provisions according to
Law 1650/1986. The aim of the law 1650/1986 is the institution of fundamental rules and
the establishment of criteria and mechanis ation methods for the protection of the
environment, so that man, both as an individual person and as a member of the society,
can live in a high quality environment in where his health is protected and the
development of his personality is propitious.

Water use directions at local level (Prefect of Xanthi, 2000). Special emphasis is given to
groundwater sources regarding the establishment of new wells and the areas where the use
of groundwater is restricted.

Institutes and authorities

The principal authorities and organizations involved in land, soi | and water management
are the Administration for Agriculture and Land Reclamation (Prefecture of Xanthi) and the
Agency for Water Resources Management (Administrative Region of Eastern Macedonia and
Thrace).
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The Region of Eastern MacedoniaThrace, Department of Water Management, Ministry of
the Environment, Physical Planning & Public Works, is a state organization focusing on
surface and groundwater use and management, including relevant licences.

The Administration for Land Reclamation (Prefecture of Xa nthi) has the mission of rational
and balanced exploitation of water resources, study, implementation and operation of land
reclamation works, the mechanization of agriculture and the licenses regarding electricity
supply in the rural regions of the Distri ct.

The Agricultural Administration (Prefecture of Xanthi) has the mission to improve (in terms
of quantity and quality) the agricultural production, in combination with the decision

making about land reclamation works, the application of regulatory measu res regarding
the standardization of agricultural products, the promotion of agricultural products, and

the distribution of subsidies (for crop and animal production) according to EU regulations.

Finally, the Agricultural Cooperatives Union has the missio n to maximize and manage
agricultural production and crop selection at local level.

1 Training

Training services in Maggana study site are scarce. There is no information given by related
state institutions. Farmers receive information only from agronomists  and the Agricultural
Union. Furthermore, due to low annual income, the selection of the crop type is based on
the current subsidies and not on the suitability of the cultivated area.

6. Relevant end -users / stakeholder groups

1 Region of Eastern MacedoniaThrace, Department of Water Management, Ministry of
the Environment, Physical Planning & Public Works, is a state organization which is
related to surface and ground water use, applications and management, including
relevant licences.

1 Prefecture of Xanthi, Administration for Land Reclamation, opines on land works and
constructs as well in order to promote agricultural productivity.

1 Prefecture of Xanthi, Administration for Agriculture.
I Topeiros Municipality, municipality located within the  study site area.

1 Democritus University of Thrace, local University among leading in Greece. The School
of Engineering is located in Xanthi. It consists of the Departments of Civil, Electrical,
Environmental, Mechanical and Architectural Engineering, has wide research
experience in hydrogeological, geotechnical and hydrochemical studies such as:
Management of groundwater and surface water, seawater intrusion in coastal aquifers,
management of groundwater recharge and soil degradation.

 Traditional farmers.
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7. Past and on -going p rojects

The Laboratory of Engineering Geology, Department of Civil Engineering, DUTH, has wide
research experience in hydrogeological, geotechnical and hydrochemical studies such as:
Management of groundwater and surface water, seawater intrusion in coas tal aquifers,
management of groundwater recharge and soil degradation.

The following research projects have been carried recently:

1 Investigation for the water supply of coastal settlements in Thrace from coastal aquifers.
Research Project for the Region Of Eastern Macedonia and Thrace, 1994.

1 Investigation for the environmental impacts from the operation of large dams in Nestos
River on the groundwater resources systems and the wetlands downstream of the dams.
Research Project for the Public Power Corporati on S.A., 1999.

1 Hydrogeological investigation of artificial recharge of aquifers in Xanthi and Rhodope
plains. Research Project for the Ministry of Agriculture, 1999.

1 Sustainable waste water recycling technologies for irrigated land in NIS and Southern
European State (Water Reuse). Research Project for the European Union, 2006.

1 Assessment for the expansion and improvement of water supply conditions for
settlements of the municipality of Miki. Research Project for the Prefecture of Xanthi,
2004.

1 Investigation for the water supply needs of the municipality of Xanthi from the eastern
karst aquifers of river Nestos. Research Project for the Municipality of Xanthi, 2006.

1 Investigation for the artificial recharge of plain area of Nea Peramos of prefecture of
Kavda with the use of treated water originated from the local sewages treatment plant.
Democritus University of Thrace, Laboratory of Engineering Geology, 2007.

1 Groundwater quality valuation of selected areas of Rodopi Prefecure at origin points
(boreholes), causes- prospects. Matters to be measured are Nitrate, Nitrite and
Ammonia. Research Project for the Prefecture of Rodopi, 2009.

I Surface water quantity availability investigation, in catchment area level, to meet
irrigation and other needs of Rodopi Perf ecture - Management manners (dams, etc) and
disposal areas. Research Project for the Prefecture of Rodopi, 2009.

1 Potable water inv estigations of Municipality of Sapes and pin -pointing new aquifer
systems- perspectives. Research Project for the Municipalit y of Sapes, 2009.
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Study Site description o Karapinar / Turkey

1. Responsible IP partner

Eskilehir Osmangazi Universi:t
Ty i Ry R TS
2. General Information - 2

The Ka rstugysite asr
located in the Great Konya
Basin of south central
Anatolia, 120 km east of the \
Konya city (Figure 1). It covers |

i 4
Hotamisis
- 4

a rectangular surface of about [ 4 g ; Karapinar hotspot
156 km?. Within the study site | * 50"
area, a military restricted

zone (ca. 40 km?) and an
erosion control area (15 km ?)
al so occur.
area immediately comes to
mind when addressing the
desertific ation phenomena in
Turkey since many prevention  Figure 11: Location of Study Site

and mitigation measures have been implemented in the region in the past, partic ularly
between 1960s and 1970s. The climate here is the driest of the country. The ground is
covered by loose lacustrine d eposits. These materials are very sensitive to long -lasting
wind activity (sometimes 18 -25 m/sec) when coupled with deterioration of weak
vegetation cover and unsuitable agricu Itural practices (Figure 2). Wind erosion and dune
shift has reached an intolera ble level from the vie wpoints of agriculture and life quality in
early 1960s when an experimental station was implemented to halt and reverse th e
degradation process (Figure 3).

Konya plain, and particularly the Katbnreapd nar ar e a
animal feeding (esp. sheep) in the 1960s. In the last years irrigated agriculture is rapidly

expanding due to novel market pressure, developing techniques and subsidies, as a result

ground water levels have been dropped dramatically. Although the applied prevention

measures provided a significant success (Figure 4), their impact decreases with time while

the socio-economic and climatic factors worsen. The area also has been affected from

secondary salinization that resulted from intense use of gro undwater. There are on -going

projects to prevent desertification including the application suitable agricultural

techniques, forest ation and sustainable exploitation of ground water. All these reasons led

us to choose this area as a study site.

The only language used in communication (written and oral) among people is Turkish since
the area historically comprises only Turkmen population.
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Figure 2. Sand dunes in the

Figure 3. Preservation efforts

Figure 4: Results of preservation measures in 2000s
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Participating local partner institutions: The following organizations either partic ipate
officially (in italics) or contribute in other ways to the project DESIRE.

1 Faculty of Agriculture, Selcuk University : Researchers from the Faculty of
Agriculture of this university has been working in the hotspot on various issues ranging in
soil productivity, salinization etc.

1 Eskilehir Os ma n: §azuties o Architecaure sEngineering and
Agriculture, and Department of Biology involve in DESIRE with experts and laboratory
facilities for various WBs. Management of the project in locale is also achieved by this

institut ion.

1 Hacettepe University : Experts from Department of Geological Engineering

contri bute in DESIRE within the scopes of mass movement and erosion modeling.

1 Ankara University : Departments of Biology and Lanscape Engineering involve in
DESIRE with two experts.

1 Middle East Technical University : Some jobs related with remote sensing and GIS
in the project will be held by an expert from this institution.

1 Mineral Research and Exploration General Directorate : Existing geo-information
data and expertise of a person in GlSrelated jobs will be provided from this institution.

1 State Water Affairs, Konya Division : All applications in relation to ground water

use in the Konya region are carried out by this state organization including delivering
groundwater license, dam building etc.

] Provincial Directorate of Agriculture : An institution aiming at the rising of
agricultural productivity by providing education services to end -users as well as by
research projects.

1 Provincial Special Management: Some of the services distr ibuted for village

development previously is actually given by this board. It is directly controlled by the local
governor.

] Provincial Environmental and Forestry Directorate : Local institution in the a ffairs

of protection and rehabilitation of the natural  environments.

] Kar apénar Mu A pad of thehotspbtyays within the boundary of this local
municipality.

] Karapénar National E Hdwaation df young fi@opre famt or at e :

primary school to lycee is governed by this GO. They are very open in any coloboration
that can raise the councious of desertification among students.

1 TEMA Kar ap & nAdbrancBof @ Turkish NGO for combating soil erosion, for
restoration and protection of natural habitats. This is very active particularly in publicizing
the desertifi cation problem amoung the local people.

1 Foundation For The Reinforcement of the General Directorate of National Parks
and Game-Wild Life : A Turkish NGO focused on the protection of environment with its
wild life.
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3. Bio-physical description

The Karaaep@mmises

sediments of a Late Pleistocene Uzecox
. : Dag '

shallow lake and wid espread aelion M\ v/

. . Ny Lo
sands deposited upon a volcanic and A s 2
carbonate substratum (Figure 5). S\
Volcanic rocks are particularly —f

r 7

widespread in the east of hotspot
which is situated to the south of
Karagpénar County. Ci
are generally limestone and
interbedded thin marls, and form a
north-south running plateau at the
midst of the hotspot. Sand dunes
are particularly widespread in the
southeast of hotspot over the older
lake fine sediments and volcanic
rocks.
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DESIRE hotspot

Soils of the area are always thin
(20-30 cm) lithosols. Where the |
sand dominates on the ground as in '

the case of south east areas no soil — -
development occurs in sensu — :
stricto, i.e. agriculture is ——.

performed directly upon loose L fd i =

sands. Nature of soils developed on e e e

ancient lake sediments significantly By B s B3¢ BEds BB
varies between organic rich loamy B B¥s s Elvw @EBn e
soils to lithosols according to older s £ G018 3016 2917 @ 18 019
sediments, but in all cases these
soils are thin too.

lava Wind blown worae & basalne bavs
presess wnds (After Kuzucuogiu of of, 1998)

The climate is continental with a
long period (1953-2006) annual
average temperature of 11.5° and annual average precipitation of 285 mm. Most of the
rainfall occurs in summers and autumns in torre ntial nature. A significant part of the
precipitation (30% of total) falls as snow during winter months. Sand storms towards north
and northeast, and to a lesser degree t owards the south, can reach speeds of 110 km/h.

Vegetation cover in the area is very scarce. The only exception to this is the military area

that covered by dense arbour species at the centre and erosion control area to the

nort heast of the hotspot (Figure 4). High relief parts are always bare, and meadows on

plateaus are weakly developed. In the last years GOs, particularly military forces and some

NGOs have paid special care to reforestation activities in vicinityo f Kar apénar ci ty.
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The agricultural production in the hotpot varies from cereal and maize to sugar beet,

potato and even fodders. Except several fruit fields of previous times no fruit plantation is
encountered in the region. In the hotspot and its vicin ity, irrigation from groundwater is a
must due to very low rainfall. Flow irrigation is commonly applied and sprinkler irrigation

is also widespread particularly in undulating fields. In the last years gover nmental subsidies
and rapidly lowering groundwate r levels have resulted in the encouragement of the drip
irrigation pra ctice among the farmers. In certain parts of the hotspot, esp. in the southern
villages, water supply for domestic use constitutes a series problem. Running water is

always absent, and ground waters are salty. This affects the agricu Itural production too.

Strengths of existing land use practices are considered to be economically rewarding food
production and ease of use. Since all agricultural activities are driven by unst able markets,
farmers tend to produce the easiest and the most economical crop types. But adversely,
these types are highly consuming in soil nutrients as well as ground w ater.

Under the present conditions, meadows will cease to exist due to very heavy and long -
lasting overgrazing conditions. Wild species are rare, and of weak coverage. The
decreasing animal feeding in the last years due to unfavourable income levels provide a
stop to the deterior ation of meadows. The main degradation issues in the hotspot are soll
erosion by wind due to unfavourable climatic and geologic conditions, decrease of
biodiversity in meadows due to overgrazing, decreasing groundwater availability and
secondary salinisation due to inappropriate irr igation techniques.

4. Socio -economic description

TheKar ap &nar shiotal supface areh af 156 km ? comprising 4 small villages (oba
in Turkish) together with a part of the erosion control area and a forbidden military zone.
Villages have been mostly inhabited temporarily during the intense agricul tural activity
season from May to September in the last 20 -30 years. Most of the inhabitants live in the
remaini ng cold seasons in the Karapénar town,

people).

Of the 80 women interviewed, 65 %of women graduated from primary school. The
percentage of illiterate women is 27. Three women did not complete primary school but
are literate. 3 % ofthe women graduated from secondary school. Moreover, the number of
women who have a high school degree is also 3. Of the 80 men reached with the
questionnaire, 73 % graduated from primary school. The number of men who did not
complete primary school but are literate is 6. On the other hand, six men are illiterate.
There are only four men who graduated from seco ndary school. Moreover, there are only
five men who have a high school degree. There is only one man who graduated from
university.

Annual household income of the study site farmers is mostly very low. More than 50 % of

the population survives below the hunger limits. Farmers with reasonable incomes make up
25 % of the total. Only 7 % of the farmers, probably large field owners, do gain annually up
to 5.000 2 .
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Annual 900-999 | 1000 5.000- 10.000- 20.000- 30.000- 70.000-
income 4999 9.999 19.999 25.000 40.000 126.000
range

(NTL)*

wof 37 15 9 24 8 4 3
population

* 1INTL (New Turkish Lira)=0.5 2 (May 2008)

The farmers in the region dominantly make their liv ing from p artial support of crop
production for cash, backed up by animal feeding since none of these activities are
generally economic alone. As a measure, of the 78 households we interviewed, 85 % of
farmers sustain their livelihood from livestock as well as agric ulture.

Wind erosion, accompanied with drought and lowering of groundwater levels accompanied
with economy -politics adversely affect crop production, increas e input costs and hence
raising poverty and economic -social unrest.

Of the 78 households intervi ewed, 33 %of the far mers see their living conditions better
than in the past. But the majority of them ( 54 % evaluate the situation quite the opposite
saying that their lives are worse than in the past. 13 %of the farmers said that their living
conditio ns were the same and there were no any differences. Again a majority of the
farmers (66%) think that the coming y ears will be worse than the past.

Under the actual conditions, exploitation of land resources is maximal though villagers

have a deep insight in the cause and effect of degradation phenomena. No apparent
measures have been taken with respect to wind erosion by farmers themselves. Meadows
are still under ultimate exploitation without any future perspective and legislative

restructu ring. Main driv ers behind these apparent adverse situations are the market
pressure that is so fluctuating and unstable. As our workshops showed, the level of
education among farmers inherited from a period 20 -30 years ago is surprisingly high for a
sustainable agricultu ral activity. But, armoring the local people with newer agricultural
techniques of whatever kind by governmental o rganizations is almost absent. Receiving
bank credits is always long and wearisome process.

5. Institutional and political setting

Soil Managenent in the study area is mainly achieved by the branches of several state
organizations (General Directorate of Rural Services, Soil and Water Research Institute,
Provincial Agricultural Directorate). The former organization is recently officially bound t o]
local governors and its efficacy is very low. Soil and water Research Institute is d irectly
authorized to combat wind erosion and this has been successfully done until recently. But
decreasing official research funds allocated to this company restrict co nservation and
protection a ctivities.
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Within the boundary of the municipality, the land use decision -maker is the municipality

board el ected by the cityds people. There is a W
of funding, irrigation, fertilizati  on etc. A recently installed local soil analysis facility is also
available.

TEMA is the only countrywide NGO in terms of desertification that paying significant
education efforts of different levels (for pupils, villagers etc.). She sometimes leads for
reforestation activities and other social projects too.

The existing law (no: 5403) on soil preservation and land use is effective since 2005.
According to this law and related regulations, a soil protection board headed by local
governor (vali) was formed in each province to provide all kinds of insights on the issues of
land use and soil preservation. This structure also is authorized to decide and make
researches on land degradation processes and new soil preservation projects. As a general
view of existi ng legislative situation, main gap is in the coordination of various institutions
and structure related to land use and soil protection. Low capacity of the country in

creating multidisciplinary studies, as well as lack of base data and maps on land use an d
soil protection forms other major bottl enecks.

Extension and training services in the Karapénar
indicat ed, similarly to the other Turkish study s
inform ation flow given b y related state institutions. As with those institutions, availability

of suitable (number, quality etc.) personnel is very rare, mostly due to existing state

personnel regime (i.e. trend to decrease number of officials). In our opinion based on the

experience local staff for the DESIRE project at the beginning, long lasting political turmoil

alters technical staff too. Villagers frequently co mplain that the extension staff prefer

staying at offices i nstead of informing farmers in the field.

6. Relevant end -users / stakeholder groups

1 State Water Works , Konya Branch: The local branch of the primary executive state
agency for elimination of adverse effects of T
putting them in public utilization in various ways such as hydropo wer, irrigation,
domestic and industrial use.

1 Soil and Water Research Institute : Branch of an organization (The Ministry of
Agriculture and Rural Service) aimed at the development, conservation or suitable
exploit ation of the soil and water resources.

1 General Directorate of Provincial Agriculture, Konya branch: A governmental
organization responsible for the promotion of agricultural activities within the
provincial bound aries.

1 Provincial Directorate for the Environment and Forestry: Local state branch
responsible for reforestation and environmental rehabilitation and protection.

1 TEMA A Turkish NGO for combating soil erosion, for restoration and protection of
natural habitats.
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1 Foundation For The Reinforcement of the General Directorate of National Par ks and
Game-Wild Life : A Turkish NGO focused on the protection of environment with its wild
life.

1 UNCCD National Focal point: The national connection point against desertification
founded under the Research, planning and co-ordination board of the Minist ry of
Envronment and Forestry.

1T Kar apénar MDetisianimpkarlandtxecution authority within the
municipal ity boundary with respect to land management and related subjects.

1 Local Irrigation Unions : The union of villagers (end -users) for provision of surface and
ground waters to their farms.

71 Local Farmer Unions : The union of villagers for increasing the crop amount and
quality.

T Ministry of Nati onal Educati on, Goinmentalt or at e of
organization, authorized for the education of children from primary schoo |to lycee.

1 Selcuk University, Faculty of Agriculture: A developed rural university, with many
raised academics, and undergraduate and postgraduates in various fields of agriculture.

7. Past and ongoing projects

I n the Karapénar ar et pfRtard 8erviGes cagiedaut mddy proeectst o r a
since 1962. There are also some individual soil surveys and joint projects with some

foreigners (see table below for a selected list of these works). Wooden fences were built in

the strong wind corridors and s and was captured in the preferred sites. On these sand plots
special meadow seeds were planted in order to stabilise the sandy ground. There are

several ongoing projects by the same organisation including crop management, forestation

and ground water provi sion to mitigate the wind -driven erosion and desertification.

Previous studies in the area comprise the effect of various irrigation methods with respect

to salinisation, sui tability of certain soil types for agriculture, determination of theoretical

soil loss coefficients, groundwater exploration etc. Many of these works were carried out

by the General Directorat e of Rur al Affairdés | ocal branch an
Affairs. Actually there is another international project funded by Japanese gove rnmentin
the Karapénar area. Farmers reported that, this

derivate alternative agr icultural techniques in combating wind erosion.
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Subject Date Location Report No
Effect of timing of fallowing 1980 Kar apéna PublNo: 68
upon wheat production Serial No: R-54
Water demand -af 1985 Kar apéna PublNo:116
local crop Serial No: R-90
Effect of strip cultivation u pon 1979 Central Anatolia  Publ No: 62
wind erosion Serial No: R-48
Relation between ro tational 1981 Central Anatolia  Publ No: 73
cropping and soil loss by wind Serial No: R-58

D
>
Q

Relation of plowing depth to soil 1979 Kar apé Publ No: 68
moisture and wheat yield Serial No: 54

Soil mapping and properties in 1968 Kar apé&na PhDthesisin Agric. Univ. Of
Karapénar wind e Wageningen, Netherlands, 169 pp.
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Study Site description dEs ki Fehir [/ Tur ke

1. Responsible IP partner
Eskilehir Osmangazi University

2. General Inform ation

The Eskiltehir TS SRS o 1w Bk
situated in the inner NW
Anatolian region (Fi gure 1)
and suffers from a variety of
land degradation processes, : & ohienses!
such as erosion by water,
erosion by wind, salinization
and urbanization. An
increasingly drier continental
climate t ogether with very
weak natural vegetative
cover accentuate the on -
going degradation processes.

Eskisehir city.

The Eskilehir <« ) )
found in the north of the Figure 1: Location of the Eskile
Eki  ehir plain and covers
about 90 km? surface area (Figure 2). It has been strongly influenced by the heavily
popul ated Eskilehir settl ement wdintcdhaghicsltumli gni fi c
activity and industrial complexes. In coming years, economic signif icance of the Eskil
area is anticipated to
increase as the share of
it o agriculture and industrial
J’w . . .
Hotspot Areg investments rise in the
: country. The sensitivity to
erosion by water of extensive
agricultural areas and the
expected strong droughts as
well as the heavy
urbanization and the
dependence of agriculture on
increasingly polluted surface
and groundwater irrigation in
places necessitate an
integrated ap proach, that
overlaps with the pur pose of
the DESIRE initiative, in

Figure 2: Landscapehrhotspovi ci nity

order to provide a sustainable development in the r egion.
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Participa ting local partner institutions

Almost all desert ification related governmental and non -governmental organizations
together with many experts from various universities are involved in the DESIRE project.

T Eskilehir Os ma n gaeuties ol Anchitecaure sEngineering and Agriculture,
and Department of Biology involve in DESIRE with experts and laboratory facilities for
various WBs. Management of the project in locale is also achieved by this inst itution.

1 Hacettepe University : Experts from Department of Geological Engineering contribute
in DESIRE with mass movement and erosion modeling.

71 Ankara University : Departments of Biology and Lanscape Engineering involve in DESIRE
with two experts.

1 Middle East Technical University : Some jobs related with remote sensing and GIS in
the project will be held by an expert from this institution.

1 Mineral Research and Exploration General Directorate : Existing geo-inform ation data
and expertise of a person in GIS-related jobs will be provided from this institution.

1T State Water Aff ai r:Alapdicationslineektion to Mrning aad o0 n
ground water wuse in the Eskil ehi ganizabogi on ar e ¢
including deli vering groundwater license, dam building etc.

1 Provincial Directorate of Agriculture : An institution aiming at the rising of agricu ltural
productivity by providing education services to end -users as well as by research
projects.

1 Anatolian Agricultural Research Institute : A state institute that has responsibility to
promote agriculture by specific studies ranging from particular seed production to
meadow rehabilitation.

1 Provincial Special Management : Some of the services distributed for village
development previously is actually given by this board. It is directly controlled by the
local governer.

1 Provincial Environmental and Forestry Directorate  : Local institution in the affairs of
protection and rehabilitation of the natural enviro nments.

1 Tepebal & MuApartadftheshbtspot kays within the boundary of this local
muni ci pality of Eskilehir city.

T TEMA Es ki I'e:branchBf Tarkish NGO for combating soil erosion, for
restoration and protection of natural habitats.

1 Foundation For The Reinforcement of the General Directorate of National Parks and
Game-Wild Life : A Turkish NGO focused on the protection of environment with its wild
life.

From the viewpoint of ethnicity and languages in the study site, almost all villagers are o f

Turkmen origin and talk Turkish. History of certain villages such as Uludere traces back to

early 14th century. Some tumulus within the hotspot even indicates definitely older
prehistoric human settlement . Sever al families in the northern
are the Crimean Turks migrated during the Ottoman -Russian war in the late 19th century.

According to Turkmen population they are more successful in agricultural practices in

general.
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3. Bio-phy sical description

The Eskilehir region is situated in the western
plateau generally lies at 900 -1000 m above sealevel and is dissected by some volcanic
edf i ces, and depressions and wuplifts of tectonic

in the nort hern margin and partially at the floor of such a through -going depression, called

the Eskilehir Basin €Fi gumde Say ésTh&€rRreksdk aRinv tF
well as the surrounding plateau to feed the larger Sakarya River in the east. A variety of

rocks crop out in vicinity of the study site area. Metamorphic rocks with mappable

ultr amafic and carbonate subunits are found at high altitude and steep slopes.

Consolidated terrigenous conglomerates and sandstones particularly are widespread in the

basin margin. The younger loose fluvial terraces and Recent alluvial deposits mostly

distributed over graben floor (Figure 3) . Marble lenses within the metamorphic rocks in

vicinity of Keskin and Uludere villages in the study site are actually mined in spite of

resulting environmental problems.

Figure 4. Erosion and debris flow after a heavy rai
vicinity of the study area
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The study site area is characterized by a dry continental climate with an annual

precipit ation of 380 mm. Rainfall mostly occurs in spring as showers , while snow makes up
a significant part (40%) of total precipitation (Figure 4). Winds dominantly blow in east -
west dire ction and may reach the tempest limits in 21 days a year. Air temperatures

generally are below 0° during winter and may exceed 40° in s ummer days. Soil

te mperature temporally range between -0.8-25.5 °C 5-10
cm below the surface.

Coryllus calurna 32
Soils of the study site are dominantly thin lithosols Quercus petraea 22
developed on schists while a significant part of the steep Carataegus monogyna ++
slopes are bare. Only limited parts of the study site Quercus cerris ++
comprise well deve loped and thicker probably older Koeleria cristata +
pinkish soils. Valley bottoms and particularly the flat Arenaria sp. "
graben floor is cpverepl by a very thick (>2 m) grey Prunus sp. ot
colored productive soil. o
Asyneuma rigidum ++
From the viewpoint of land use, almost half of the Euphorbia macroclada e
Es ki | e bniisrsuitablke fpii agricultural activities Dianthus cibraricus ++
while a fourth is occupied by meadows and the Jurinea pontica ++
remainder by fo rests. In the study site area, the most Allium sp. ++
common land use type is unirrigated cultivation (mostly Minuartia sp. +
cereals) followed by meadows, irrigated cult.ivation . Juniperus oxycedrus -
(sugar beet and sunflower) .and \{ery rare fruit vegetation Tanacetum armenum ot
and man-made forests (mainly pine and oak trees). In the .
. . Astragalus angustifolius ++
pasturelands, vegetation cover consists of steppe
. . Plantago sp. ++
vegetation and d egraded forest remnants as dominantly . -
result of antropogenic effects. Although herbaceous Genista sessilifolia t+
cover is generally high (70%) and relatively rich herb Pyrus elaeagnifolia ++
species occurs in the study site (Table 1), heavy grazing Hypericum perforatum ++
in vicinity of villages still causes intense degradation due Torilis arvensis ++

to water erosion. A few monumental juniper trees of
probably many hundred years old witness once
occurrence of widespread mountain forests in the region.
A significant amount of fish production also is made from
several dams in the region. The Keskin dam in the study site serves only amateur fishery
activities. According to n ational agriculturest at i sti cs, the Eskil
country with respect to agricultural production per person. The study site is also under
stressofurbanizat i on rel ated to Eskilehir city
complexes in the sectors of sugar, ceramics, cement, flavor production as well as plane
motor and locomotive factories. These agro-economic activities make the area 14th most
developed province (total 81) with respect to added value in manufacture se ctor.

Table 1: Herb species during late
summer in meadows of
study site.

ehir ar ec

(popul at

Most of the farmers in the study site use their very fra gmented own lands. Land hiring may
be particularly significant due to insufficient agricultural income and high costs in certain
stagnant periods.
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Although groundwater resources are rich they are conf ined within the alluvium of low -lying
Eskilehir Plain. But state authorities carefully
thought of a future drought. For the steep slopes of the northern study site, groundwater
resources are almost lacking or probably confined in the small karst aquifers. Running
water is particularly scarce or highly contam inated. Flow and sprinkler irrigation are the
most common while drip irrigation is encouraged by state institutions.  Agriculture in most
of the area relies on ra infall, for this reason fallow is a common obligatory practice.

Figure 5. Various aspectsof | and degr adat i otydy siten. 1 Emiand irgrdsiorr throsigh
degraded oak forest. 2 - Wrong tillage direction and resulting gully erosion. 3 - Soil trade as an
industrial material (Uludere village). 4 - Deep active gully erosion in a pasture land.

Villagers use scarce spring waters that are generally not enough for their daily domestic

needs. The propriety of the Keskin dam in the area is under discussion. Municipality

authoriteswantt o use dam water for domestic use in Esk
Affairs inclines towards foremost agr icultural usage of this dam.

A very limited part of the study site is covered by weak remnant oak forests. Some older
(>50 years) and particularly m ore recent reforestation initiatives are undertaken by state
organizations and some NGO here and there, and especially in the northern steep meadows
of the study site.
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In the present situation, land use practices aim only to survive; in other words no spe cial
care was paid to protect soil and other resources since they hardly provide income to live
due to increasingly harder economic bottlenecks. For this main reason, biodiversity is
rapidly vanishing in meadows, topsoils are disappearing and soil fertilit y is declining in
croplands. The actual land use practices are regarded uneconomic mostly due to low
market prices and very high costs.

A comprehensive land degradation assessment has not been realized up to now in the
Eskilehir ar ea nsad thdughsome studiesihave anted fdr gletermination
of water and wind erosion as well as for remediation of soil and the irrigation systems in
the Eskilehir Pl ain.

4. Socio -economic description

There are 6 villages within the study site. Mountainous villa ges are less populated (in some
cases only several families) while villages on flat landscape comprises higher population
(see table 2 for gross demographic info).

Tabl e 2: Settl|l ementstgly sitm t he

Village name Number of families Population
Yukarés®°L¢gtong 250 1000
Keskin 450 1200
Uludere 150 600
ELri©°z 70 200
Kara-obanpénar é15 40

Sex ratio in different settlings is grossly equal while mean age is generally very high due to
intense migration of younger population to large cities. It can be said that villages in flat
areas with more productive soils have younger population compared to others. Level of
education is medium compared to the overall country; 85 percent of the 75 women

inte rviewed graduated from primary school. The percent of illiterate women is 8. The
number of women who did not complete primary school but are literate is 2. There are

only two women who graduated from secondary school. Moreover, there is only one woman
who has a university degree. From the viewpoint of male population 79 % of men
graduated from primary sch ool. While 9 percent of men graduated from high school, 12
percent of men graduated from high school. We met rarely some university graduates who
come back to their mother home after their retirement. Major income category of the

elder village population i s wage of retire, a special reti rement system based on
prepayment irrespec t-kuny. Annwlfincogme distributios in thestu@lyB a L
site is slightly skewed to poorer population around 5000 -9000 NTL. Almost 50% of the
population gains 5.000-20.000 annual income (Table 3).

The majority (73%) of the families in the study site sustain their livelihood from various
combinations of livestock (cows and sheep) and agricultural activ ities to lower the costs.
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Cropland are dominantly unirrigated (%85) while the remaining is irrigated by either
flowing water or shallow groun dwater.

Table 3: Distribution of income levels according to population

Ann. income 900-999 | 1000- 5.000- 10.000- 20.000- 30.000-
range (NTL)* 4999 9.999 19.999 28.000 50.000
% of population | 17 20 32 21 7 4

Our preliminary investigations showed that although farmers have a clear de sertification
perception, they do not take into consider the land degradation in their agricultural
activities, but only save their today. The very ultimate reflection of thisa  ttitude is
sometimes to sell their soils as brick raw -material. As a result lan d degradation processes
significantly affect the life of local stakeholders in various ways in combination with the
socio and agro-politics. Decreasing quality and surface cover of meadows directly influence
the shepherd families. Lower productivities due to less care to soil and particularly water
erosion are definitely hi dden features. Decreasing biodiversity is a very well defined
phenomenon. Tens of plantspec i es seen in the studyWlOysarstagpds me ad
are almost disappeared left behind on ly several drought resistant types. Number of wild
animals follows this trend as well. As a result, 68 % of the farmers interviewed evaluate
their lives as worst than past. 20% of the farmers consider their living conditions better

than past while 12% of t he farmers di stinguish no change in their life conditions. Future
expectations of the farmers are generally pessimi stic. Of the 78 households in the study
site, most of the farmers (% 60) think that their living conditions will be  worse than now.
The 20 %the farmers preserve their hopes of better future living conditions while a

minority (10%) does not anticipate any coming change.

The on-going land degradation processes are fed by many drivers in varying intensities.
Supports from governmental organization has always been very low and was weakly
welcomed by farmers if at all . Farmers are always complaining about fragmented fields
that make the agr icultural practices difficult and lower the income.

5. Institutional and political setting

Management of the soil is achieved by several state organizations (General Directorate of
Rural Services, Soil and Water Research Institute, Anatolian Agricultural Research Institute,
Provincial Agricultural Directorate) . Among others Soil and Water Research Institute is
parti cularly authorized for combating desertification. Anatolian Agricultural Research
Institute is another experienced structure actually doing successful researches on
production of specific seeds suitable to various environments, grassland amelioration etc.
The remaining institutions mostly provide extension services to villagers. Three local civil
societies can be mentioned in the area of natural resource management: Chamber of
Agriculture that no rmally informs villagers in all aspects of cropping, Agricultu ral Credit
Cooperative that r efund villagers in their agricultural activities and Irrigation Union that
serve facilitating management and financial a spect of water provision.
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TEMA is the only countrywide NGO in terms of desertification that is making significant
education efforts of different levels (for pupils, villagers etc.). She sometimes leads
reforestation activities and other social projects too.

Within the boundary of the Eskilehir -makemisci pal it
the municipality board elected by the city people. Water management mostly is carried

out by the local branch of the General Directorate of State Water Affairs and p  artly by two

other state organizations, the General Directorate of Rural affairs and the Bank of

Provinces.

The existing law (no: 5403) on soil preservation and land use is effective since 2005.
According to law and related regulations, a soil protection board headed by local governor
(vali) was formed in each province to provide all kinds of insights on the issues of land use
and soil preservation. This structure also is authorized to decide and undertake research
on land degradation processes and new soi preservation projects. As a general view of
existing legislative situ ation, the main gap is in the coordination of various institutions and
structure related to land use and soil protection. Low capacity of the country in creating
multidisciplinary studi es, as well as lack of base data and maps on land use and soil
protection forms other major bo ttlenecks.

Extension and training ser aré exteemelyisqarcet VillegerEs ki | ehi r
quoted that there is no periodic information flow given by related state institutions. As

with those institutions, availability of suitable (number, quality etc.) p ersonnel is very rare

mostly due to existing state personnel regime (i.e. trend to decrease number of officials).

Only some villages received random information flow from Provincial General Directorate

of Agriculture. Actually there is an agriculture engin eers who stays 2 days in one of the

study site villages (Keskin village) to inform villagers in their agricultural practices. Again

rarely there are some tradesmen who come to inform (in fact to sell) about chemical

fertilizers, irrigation systems etc. Mor e rarely researchers from the Faculty of Agriculture

of one of the universitiesinEski  ehi r organi ze individual irregul

6. Relevant end -users / stakeholder groups

1 Provincial Division of the State Water Affairs : The local branch of th e primary
execut i ve state agency for elimination of adver se
groundwater and putting them in public utilization in various ways such as hydropower,
irrig ation, domestic and industrial use. This institution is passively involv ed in DESIRE
since it previously co nstructed the Keskin Dam in the study site area.

1 Anatolian Agricultural Research Center: A governmental organization conducting
various research activities including production of drought resistant new species,
amelioration of meadows etc.

1 Provincial Special Management: The older General Directorate of Rural Services, now
bound directly to local governor. It is expected normally to distribute infrastructure
services such as road and aqueduct building or repair, etc.

1 Provincial Directorate for the Environment and Forestry . Local state branch
responsible for reforestation and environmental rehabilitation and protection.

151 |Study Site Description  Turkey / Eskisehir The opinions expressed in this report are thos
of the DESIRE Project consortium and do r
necessarily reflect the views of the Europee

Commission.



vww.desire-project.eu

Warld Soil Information

1 Soiland Water Resear ch | nst it ut eBrandsd eflan okganization (TRe a n c h

Ministry of Agriculture and Rural Service) aiming at the development, conservation or

suitable exploitation of the soil and water

institute previo usly made some research projects in relation to various aspects of land
degr adati on in Eskilehir regions.

9T Eskilehir Osmangazi Uni v e r: Asiatstgte unitessity,utist vy
organization realises both education (undergraduate and MSc) and researches on
producti vity and land degradation issues.

T TEMA Es ki I e:lbranchBf Tarkish NGO for combating soil erosion, for
restoration and protection of natural habitats.

1 Foundation For The Reinforcement of the General Directorate of National Parks and

Game-Wild Life : A Turkish NGO focused on the protection of environment with its wild
life.

1 UNCCD National Focal point: The national connection point against desertification
founded under the Research, planning and co-ordination board of the Mi nistry of
Environment and Forestry.

1T Tepebal é Mubetision-maker and gxecution authority within the municipa lity
boundary with respect to land management and related issues. Since the majority of
the study site included within the municipality with the latest local legislative
rearrangements, this organization has ultimate significance.

1 Local Irrigation Unions : The union of villagers (end -users) for provision of surface and
ground waters to their farms.

1 Local Farmer Unions : The union of villagers for increasing the productivity of  soil and
and crop quality.

9 Eskilehir Agricul t ur AnINGQtha gtdavitles vavoaspagricudiural o n :

credits to farmers.

7. Past and ongoing projects

There are few specialized project on the subject of land degradation and desertification in
the Eskil ehir themevare realizéd eithersoy ESOEGU Faculty of Agriculture
or by other local state organizations. They are thematic and rather local case studies.
Among them effect of some agricultural practices on the soil erosion by water, inquiry on
the wind erosion in the region and probable solutions and recurrence probability of the

re

Agr

drought period in Eskilehir r edgskaumderiakemby@ speci al |
|l ocal state institution and an NGO (TEMA Foundat

Seyitgazi District Arslanbeyi Vill age Rur al Devel opment and
is no previous agricultural work within the study site boundary. The surveys realized by
Provincial Division of the State Water Affairs in relation to construction of Keskin dam in
the study site comprises some hydrological studies as well as some irrigation plans.
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Study Site description - Sehoul Plateau / Morocco

1. Responsible IP partner
University Mohammed V, Faculty of Human sciences, Chair UNESCG5N

2. General information
A L dam écoordinates) + map / Google Earth kml -file (placemark or map overlay)

Figure 1: Image of the Sehoul commune from Google Earth;  the catchments surrounded by red
line represent the three areas where field investigations were held as well as assessment of
SLM techniques and approaches and erosion monitoring
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The area considered, the Sehoul Plateau, is located between the highway from Rabat to
Fesin the north, and the Grou River in the south. It is a part of the old Atlantic Meseta.
The substrate consists of Paleozoic schists and sandstones, covered by Miocene molasse
(limestone, calcarenite, and pebbles) and marls, Pliocene calcarenite and old alluvial
terraces consisting of pebbles, sands and clays.

0 200
e —— ——— Chaire UNESCO-GN

Figure 2
A Si ze:397km?2)
Main reasons for sel ecting this site/region

This region was selected because despite its location in the more favourable lands of
Morocco in terms of climatic conditions, it consists of marginal land with a high poverty
and important indicators of degradation.

Desertification is both related to natural factors (vulnerability) and to human factors
(poverty, mismanagement). It is exacerbated by events of drought which create new
factors of vulnerability.

In the semi-arid regions of Morocco, namely in the regions where SWC techniques are
absent or rare, the vulnerability of the land is very high. It incorporates three dimensions,
a hydric dimension with the increase of water table depth, an agrarian one with the
decrease of yields, and an environmental one with the decreasing qual ity of the soils and
the increase of erosion.
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In these regions, there is a high risk of water scarcity and of an exacerbated competition
between irrigation and water supply for the cities. The risk of natural catastrophes (floods,
soil erosion) is also very high. The rapid urbanisation increases these risks, in relation with
the land withdrawal, the water needs, and the transformation of the sub  -urban agriculture
(extension of irrigation, choice of highly water -consuming crops) and the emergence of
new activities, as tourism.

In these regions, land management is often inadequate, with practices that accentuate the
land vulnerability. The current transformations can exaggerate the hydric dynamics,
namely runoff and erosion, because of the absence of appropri ate techniques for water
storage and water use during excessive rain events.

The colonial rupture and the modernization of techniques are also responsible for this
situation, such as mechanization, which sometimes was not well adapted to the local
situati on.

Participating local partner institutions

Our work was implemented with individual farmers from different levels, smallholders,
land laborers working in the large farms, smallholders of very small farms and with a low
income, and a case of a large landowner, coming from outside the community.

Our partners are also the agricultural and forestry technicians. We also cooperate with the
elected council of the commune. In addition, we identified some local associations,
working in the social domain, but also with an environmental concern.

Main language(s):

Arabic
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3. Bio-physical description
COMMUNE DES SHOULS: CARTE DES PENTES
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Figure 3 Topographi ¢ map of the Sehoul commune, slope gradient
Major natural resources available in the study site area

The Sehoul commune is located in the Atlantic plate au of Morocco in a subhumid
environment. |1 tds part of the northern border of

Miocene and Pliocene marine sediments and Pleistocene alluvial deposits.
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Figure 4: Profile of the Sehoul commune from the Mamora in the north
The Geological profile shows a superficial water table in the Pliocene and the old alluvial
terraces and a deeper water table in the Miocene molasse, on top of the Paleozoic
basement
COMMUNE DES SHOULS: STRATIGRAPHIE ET GEOLOGIE
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Figure 5 Geological map of the commune
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The Pliocene and Pleistocene calcarenites have been deeply weathered and furnish a thick red
soil in which processes of leaching have occurred that produced a sandy superficial horizon,
locally eroded, over a Bt horizon. This horizon has been locally removed by the wind duringth e
dry period 22000 - 18000 years BP, before it stabilized again in the Holocene optimum, during
which an organic layer was formed on top of this ancient dune.

Limite commune
¢~ Réseau hydrographique
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Figure 6: Soils Map

The soils on the plateaus surface are very fragile. The present human pres sure on the land
and forest leads to the removal of the superficial sand layer and the formation of new

dunes. The organic layer is rapidly destroyed during the dry years and the re -stabilization is
very difficult to obtain. Only appropriate application of  adapted practices and proper land
management can lead to a new equilibrium.
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Climate

Annual rain of the station of Salé : 1974 - 2002
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Figure 7: Annual rain of the station of Sale

The amount of daily rainfall in the area is generally low. Over 32 years (1970 -2002), 794
days recorded more than 5 mm, which represents an average of only 15 days/year. The
frequency analysis of the monthly rains in the Rabat station shows that late autumn is the
more variable period (November and December). This period is the most crucial for the
hydrologic functions of slopes and waterways, because the fields are still bare. In 50% of
the cases, we register total dryness; but the cases of intensive rainfall are numerous and
have important effects. The last 3 decades show a more important concentrat ion of rain in
autumn, with an average intensity reaching 20.4 mm/rainy day. The other seasons do not
show a real tendency for change. During 32 years, 28 cases of intensive rains (>30mm)
were recorded.
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Vegetation co ver

Forests are present in the North of the Mamora and in the central part of the Sehoul, south
of the Bouregreg River
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Figure 9

Existing pract ices on land and resource uses

This region, which was originally covered by cork oak, is now cultivated and reco rds a
strong increase of irrigation with important consequent changes in the soil use and the
cropping techniques. Rapid changes in land-use are occurring in these marginal areas that
were used originally, before the 20 ™ century, for grazing or forestry. Current trends include
replacement of evergreen oak forest by fast growing trees such as Eucalyptus species, and
an increase in agriculture and grazing activities. The use of the good soils of the flat

plateau for commercial crops, forced local poor commun ities to cultivate steep slopes,
decreasing the forest and shrub land areas. In addition, an increasing number of sheep and
goats, added pressure on natural resources. Therefore, areas traditionally occupied by
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sustainable forest and shrub land are experie ncing a change in intensification of land
management practices, leading to the use of the poor litho  soils in an unsustainable
manner.

Contribution to desertification is amongst others: (i) Ploughing of steep slopes; (ii)
Overgrazing of the shrub land areas, as a result of the increase of animal numbers; (iii)
Afforestation with exotic species. The practices differ according to the type of land and
resource. The cork oak forest constitutes both a source of fodder and fuel wood and an
important resource for grazing. The way of livestock management (an average of 1 cattle,
19 sheep and 17 goats) is extensive. Sheep and goats stay about 10 months in the forest
and move to the cultivated fields in summer.

For energy supply, wood is consumed daily, for heating in winter and for cooking bread all
year. The frequency of cutting the wood depends on the distance between the forest and
home. When the supply is daily, the average by family is about 13.4 kg.

Two types of practices concern the cultivated areas.

Some practices are inherited and persist namely on the plateau margins. They consist of
traditional soil use, inside long and narrow plots, along the slope. Winter cereals

dominate, replaced in some very small plots by spring grains, as corn and beans. Ploughing
is manual and the use of fertilizers very rare. The income is very low and the stubbles are
grazed. The fallow fields occupy some rare surfaces and are grazed in winter and spring.

Other practices are specific for the flat parts of the plateau, on the bes t sails, in plots
which were occupied by the former colonisation or were bought by urban owners.
Irrigation is the first indicator of intensification. It is related to groundwater pumping. The
plots are wider and better maintained. Cultivation is generally = mechanised and
fertilisation normally practiced.

Due to the extension of cultivated lands on slopes, even on the steepest ones, the grazing
areas outside the forest are very rare (less than 12% of the commune area). But nowadays
soils degraded by rills and gullies on the private fields, which were cultivated over a long
period, seem to be abandoned and become pasture area, with very weak fodder
possibilities however.

Transformations

The speed of transformation i s quchmagerdpidon i n t he
the plateau, where new farms are continuously established in relation with urban

investments.

There is not a uniform trend. Some grazing areas are transformed into cultivated fields.
And conversely, degraded cultivated fields are abandone d and become grazing lands.

There is an important tendency to erect fences around the farms, either metallic or
vegetative ones (use of cypress trees in the modern farms, or cactus opuntia, more
generally) and these fences play an important role in term of overland flow. In the fields
with fences, intensified agriculture is now done with some irrigation and good soil
management against runoff and erosion.
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Existing practices on water resources

The main regional groundwater system lies in the Pliocene calca renites (the Mamora
aquifer). Due to the dipping of the Sehoul Plateau to the north, the calcarenites thin out in
the south in the Sidi Azzouz plateau, and the volume of the aquifer is less important there.
For supply of water to farms and households, the inhabitants of the Sehoul commune are
dependent on withdrawal of groundwater from artificial wells.

The larger farms pump water from the Mamora aquifer, and some have deep wells to pump
from the Miocene aquifer. However, the majority of farmers in the Seho ul Plateau having
traditional small farms take water from a third, local groundwater system that consists of
numerous small and unconnected water bodies concentrated in the alluvial terraces,
confined below by the Miocene marls. The recharge of local groun dwater systems depends
solely on precipitation.

Of the water withdrawal, some is used for irrigation; the other part is for domestic use. In
this region, the sustained availability of groundwater resources is vital. However, as a
result of rising demands f or withdrawal by the expansion of irrigated fields the renewable
water resources per capita is declining.

The main water resources are represented by the reservoir of the dam Sidi Mohamed Ben
Abdellah with a capacity of 433 Mm3 and which is expected to re ach about 1.025Mnm? ;
there is also a small dam Al Arjat Sghir with a capacity of 45000 m3 ; the water table has a
potential of 8 Mm 3/yr. The effective use of water in the commune concerns only the water
table, while the SMBA reservoir is forbidden for the use by direct pumping (entirely
devoted for the cities).

The irrigated farms represent about 790 ha, 3.6% of the commune cultivated surface. The
system of drip irrigation is generally practiced in the majority of exploitations. The farms
are equipped with a well, a pump and a reservoir. Water is so rationally used and well
conserved.

According to the 2004 census, the families of the communes are not connected to the
drinking water network. 72.9 % of the families use wells, 22.8% springs ET 4.5 % public
fountains

Existing uses of Forest resources (e.g. protection, production, recreational)

The forest occupies 30% of the Sehoul commune; it is composed of cork oak and in its
eastern part by callitris articulata and matorral (lentisque and oleaster) and some
artificial plantations of pinus and eucalyptus.

The forest has many uses. It is a main pasture land for the local population and it is an
important resource of fire wood and provides many other products. On the economic side,
the forest is opened for exploit ation of cork, of charcoal, and of eucalyptus wood. Cutting
operations are organized by the forestry administration and made by enterprises. The
administration also has the duty of planning the forest management. Due to the proximity
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of urban agglomeration s, the forest is also visited for leisure. The orientation towards a
tourist function can lead to a complete transformation of the management rules.

Strengths of existing land use practices

The existing agro-systems in the Sehoul region are mainly devoted to the production of
food to maintain the reproduction of the units represented by the small farms. But to be
able to maintain these systems, the farmers have to reduce as much as possible the
degradation factors that are responsible for soil and fertilit y loss. The agro-systems
connect grain production and free breeding in most of the exploitations. This system can
be rather inefficient, but it has many positive effects, in social and environmental terms.
The economic income from this association grains/b reeding is irregular. The annual
production is less than 15 quintal /ha and the income under severe dry climatic conditions
is not sufficient to maintain a sustainable equilibrium.

As the possibilities for diversification of the production are limitedtos  ome farmers and as
the development of breeding is exposed to risks, the adoption of other (off -farm) activities
and emigration represent now the unigue options for small farmers to respond to the
scarcity of their income.

The intensification of agriculture by planting fruit trees and the development of modern
breeding are among the options offered to the large -scale farmers with sufficient land,
potential of irrigation and financial possibilities. This change remains marginal, as the
potential area is reall y limited.

Agriculture and extensive breeding are two interdependent activities of the  agro system,
the origin of which is very old; before the 19 ™ century. Their permanence is the expression
of their social role, as the grain production feeds both humans and the animals; the
animals contribute to maintain the soil fertility. The forest contributes to the feeding of
the animals.

The inequities in terms of ownership are calibrated by some common activities as the free
breeding of animals. The current disapp earance of some of these social practices explains
the migration of the small owners. Their farms are given to other family = members or sold
to urban dwellers.

On larger farms, financial possibilities facilitate introduction of innovations, such as
rotatio n with beans and fodder, drip irrigation, and fruit trees plantations.

Free pastures disappear progressively with the increased use of fences, irrigation, and
permanent occupation of land. As a consequence, intensive breeding increases. This
creates competition between stakeholder groups.

The Sehoul environment is characterized by soil erosion and land degradation. This has not
lead to investment in adaptive management strategies in the area. There are, however,
several measures, like crop rotation, mobile breeding, ploughing along the contours which
signify the will to restore soil fertility and reduce soil degradation. The recent project of
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agriculture development in the commune introduced two new techniques, the capture of
runoff to feed the olive trees and the check dams on the big gullies.

Weaknesses of existing land use practices
The weak aspects of the existing land use practices are varied:
1 Extensive cultivation continues to expand at the expense of forest,

1 Extensive grazing is one of the practices which degrade rapidly the Sehoul ecosystem.
The impact on forests is evident. The current pressure is about 2.2 sheep/ha, while the
carrying capacity doesndt exceed 0.82.

1 The limited use of fertilizers and of selected seeds explains the low yields of about 0.6
t/ha of wheat and 0.4t/ha of corn. Only the plots  neighboring houses benefit from a
significant supply of manure. The latter is now increasingly sold to owners of irrigated
farms, that farms that cultivate cash crops. On the cereal plots, chemical fer tilizers
are used, but with inadequate amounts.

1 The introduction of mechanization is important for the modernization of agriculture,
but the form and the size of the plots are not adapted for the mechanical ploughing
which is done along the slope and whic h accelerates erosion.

The negative environmental impact of the cultivation practices is follows the
transformation of agricultural systems, which impose new requirements on land and water
resources. The reduction in fallow, the pressure on irrigation reso urces and the
uncontrolled access to silvo -pastoral resources are examples of this.

Some indicators of weakness

1 The decrease of the fallow periods, in relation with the trend to disappearance of the
free breeding (grounds); farmers must cultivate every ye ar and have to reserve some
plots to fodder production The fallow had the advantage to permit the restoration of
the sail quality;

1 There is an increasing trend in animal numbers. Between 1997 and 2001 the number of
cattle increased from 15000 to 17000 (+ 1 1.7%), the number of sheep from 40.000 to
56.000 (+ 28.6%).

1 The pressure on the water table, in relation with the extension of irrigation. In 2003,
the supply to the water table was about 7 ,5 M m?® in the context of an average of rain
of 450 mm, while the w ithdrawal is estimated about 7 ,2 M nr'.

1 The non controlled access to the forest and pastures

1 Uncontrolle d access to silvo-pastoral resources; the extension of fruit trees and of
fences led to more animals in the forest (about 300 days/ a year.
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Major degrad ation issues due t o the use of natural resources

In this region, according to our field experiments, the traditional land management
systems- typically involving a balanced combination of agriculture, animal husbandry and
forestry under a limited human pr essure - produce low amounts of overland flow and the
lowest soil erosion rates. When the natural vegetation disappears, overland flow and
erosion and erosion are significantly enhanced.

Due to the increasing pressure this region is undergoing major land use change. The trend
is to replace natural forest with exotic species (eucalyptus); the intensification of

traditional land uses with corresponding reduction of fallow periods; overgrazing in natural
areas, despite the weak production of the vegetation an d the poor quality of soils and
their high erodibility.

The reduction of organic matter and vegetation cover results in soil compaction and higher
overland flow generation in the overgrazed areas, whilst in the ploughed areas erosion
rates are higher.

A fundamental role in determining soil erosion hazard is played by land use change,
through the changes in the soil and water processes. On the other hand, the soil biomass
management (absence of manure supply and weak cover of the soils by vegetation)
contri butes to the low soil carbon content. Being a surface process, erosion displaces
significant amounts of organic matter, which will decrease the carbon retention by the
soils, inducing important soil degradation with severe implications on soil fertility an  d
increasing the fragility of the surface.

The increasing pressure over this marginal area (due to the use of the better soils for
commercial crops) leads to the use of steep slopes under poor agricultural management.
This represents the highest risk for s oil sustainability.

The process of land degradation is linked to the socio -economic evolution and to the

resources management. Grazing and Forests exploitation are still important, mixed with

the extension of the cultivated areas. Overgrazing, over -exploit ation of wood and the

expansion of agriculture on unfavorable lands, lead to extreme soil erosion and a
dangerous siltation of the dams® reservoirs.

The concentration of the population and flocks on vulnerable slopes explains the retreat of
the vegetation cover, the rapid soil degradation and spreading of rills and gullies

The context of rural transformations include the complexity of landownership (humber of
regulations, predominance of smallholdership, scattering of fields due to inheritance), and
the urbanization of high-quality agricultural land. In addition, the traditional small  -holder
agriculture is marginalized in favor of the modern, large -scale agriculture, whereas the
latter is mostly responsible for the inefficient use of groundwater.

The deforestation and the extension of the cultivated area date from the early years of the
20™ century and the limits of most of the forests were fixed in the years 1920 -1930. But
inside the forests and in the remnant pastures, internal degradation by overgrazing and
wood gathering still continues. In the cultivated area the reduction of the surface and of

the period in fallow, the mechanization and ploughing in the direction of the slope cause
an ongoing land degradation due to the thinning of soils, crust format ion and compaction.
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All these phenomena decrease the infiltration of rainwater that otherwise may be stored
and percolated to the water table. At the same time, the increasing runoff over the land
surface causes soil erosion and the silting and pollution of reservoirs, which play an
important role in both water storage and the regulation of water provision in the dry
season.

We can interpret the environmental evolution of the Sehoul plateau as follows:

The surface covered by a dense forest represents a heritage where the soil is in
equilibrium, and is characterized by a thin organic layer on top of a leached sandy horizon.
This layer is permeable enough and well structured to absorb the total amount of rain,
even during exceptional events.

The population d ensity increased during the 20 ™ century, through natural growth, but also
through immigration to this rural area close to the cities of Rabat and Salé. This has led to
the forest degradation. Several processes occurred simultaneously: overgrazing, with an
over-use of the forest to feed the flocks during the dry periods, and cutting of wood for

fire to use with rural population and charcoal production to the cities.

At the southern fringes of the Mamora forest, suburban agriculture expanded (production
of grains, vegetables, fruits, breeding .....) to meet the needs of an increasing population
in neighbouring cities.

Inside the degraded forest, runoff leads to erosion of the upper organic horizon. The
leached layer is exposed and can be removed easily by overland flow during heavy rain or
by wind? after a dry period, as happened in spring 1995. In some places, small dunes are
formed.

The current wind erosion is not rapidly stabilized, even after a wet season. Growth of

grasses does not have sufficient density on the surfaces, which already lost their organic
superficial horizon. 1tds why inside the forest
affected by wind erosion in case of strong winds.

Measuring of overland flow and erosion on plots of 100m? , in combination with rain
gauging, gave the following results:

The frequency of an amount of runoff equal or superior to 0.1 mm diffe  rs according to land
occupation. For example, in the forests, the frequency is the lowest (10 to 27% of the total
events), in relati on with the vegetation density. Moreover, under annual cultivation, the
frequency is quite moderate (30 to 40%) if the soil is ploughed along to the contours.

2 Actually, this process represent the removal of an old eolian deposit which dates from the last glacial peak ;
Dryness of this period explains the building of real dunes, made of the thick leached sands developed by
pedogenesis during former wet periods. By Thermoluminescence, these dunes have been dated (26 to 20 Ka
BP). This heritage of the late Pleistocene is evolving aga in, in the same way, but as a consequence of human
impact on the forest.
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Finally, under a eucalyptus plantation, the erosive rains represent 45% of the events,

which means that this kind of vegetation is characterized by high overlan d flow. The
highest frequency is reached in the corn plots where the soil is ploughed along the slope.
The high runoff is associated with bare, deep and large furrows which have the behavior of
rills.

In the hilly parts of the commune area, with gentle slopes, the runoff not only has an

effect on soil degradation and on productivity, a second effect is more dangerous in
relation with the concentration of flow in the drainage network, through rill s, gullies and
streams. This functioning of the concentrated runoff is recorded in cases of important
rains, when the superficial runoff reaches high values.

Figure 10

50 to 70% of the high runoff happens after successive days of rain; in the bare plots, 40% of
the cases in which runoff exceeds 1 mm have recorded more than 30 mm of rain in the days
preceding the event.

Comparison of all runoff events yielded the following results. Under  well-established corn,
and wheat cultivation, a high runoff is record ed in only 6 and 3 % of the cases respectively.
We conclude that the cultivated fields normally offers a good protection if the land is
ploughed carefully and in the right way. The density of crop cover is important and barley

or wheat constitute in winter and spring a good protection because they grow early and
with a significant density.
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But these runoff results are only valid in normal or in dry years. Special events of

continuous rain can lead to the saturation of the sandy horizon and produce signific ant
overland flow. Under continuous and intense rains, in the fields in fallow, the grass cover

is sufficient to restrict the impact of the runoff ~ events, while the recently ploughed areas
record a veryvery important erosion because the wheat is still with  a very weak density; on
the bare surfaces a rapid development of crusts lead to a rapid and massive runoff.
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Figure 11

Measuring of the suspended load
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There is a weak rate of high suspended load in the plots inside the forest or in fallow. The
suspended load of the runoff reaches its highest values in the ploughed and cropped fields
and, above all, in the fields of corn that are ploughed along the slope.
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Figure 123

Winter c ereals provide sufficient protection for the soil; the bare plot records a relatively
high rate of erosion, but it remains lower than what is recorded in the fields covered by
corn in spring and ploughed many times during a cultivating season. The field pl oughed
along the slope shows the highest rates. Very low rates were recorded in Eucalypt
plantations, except after ana shortly after wood cutting.

Rainfall simulation permits to classify the behavior of fields in order of decreasing runoff:

1 old fallow on d egraded and abandoned soil generates the most important runoff

1 recently ploughed fields rank second, with a rapid destruction of the soil structure,
crusting and functioning of rills on the fragile sail,

9 fields ploughed very soon in the first days of autum n with a cereal cover

1 infields cultivated the year before, not ploughed in autumn and left fallow the
runoff and erosion are very weak.

Ploughing is an important factor of erosion; the comparison between ploughed fields and
under fallow shows that under h eavy rains of autumn, much more erosion was recorded in
the ploughed fields than in fallows. Even when overland flow does occur in fallows, water
does not have significant turbidity. This runoff with weak material transport on slopes can
be positive and pl ay another role in term of water availability for the dams. At the same
time it can cause serious downstream effects and create forms of incision.
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The freshly ploughed fields on slopes are the most fragile areas. The differentiation is
clear between fields recently ploughed just before the rain and with no cover and others
where the cereals have already matured (ploughed very early in autumn) and better hold
the soil.

The technique used for ploughing also plays an important role and differentiates between
the fields ploughed along the contours and those ploughed according to the slope. The
great danger is the monoculture of a whole slope ploughed and on which an intense and
continuous rain in autumn occurs.

Synergy of mechanisms

More runoff and soil erosion is recorded on degraded soils record. Runoff and erosion are
responsible for soil degradation and reduction of infiltration and hence a decrease of water
storage in soils and in the water table.

Water resources degradation

Superficial groundwater resources in the semi-arid agricultural region east of Rabat
(Morocco) are declining due to an increasing demand for consumption and irrigation and
the limited use of water saving techniques. The recharge of the discontinuous superficial
groundwater bodies is fully dependent on infiltrating rain water. Soil degradation by
overgrazing, crusting and an efficient drainage network enhance the rapid removal of
rainfall excess water in surface runoff, especially in high -intensity rainfall events at the
start of the growin g season.

4. Socio -economic description
Population density and structure

The population was around 20,000 inhabitants (2931 families) in 1994, and declined to
19706 inhabitants and 3304 families in 2004 (average of 6 persons / family), implying a
stagnation of population and an increase of about 13 % of the number of families (less
members per family).

The population is distributed in 36 o0douarso ins
Jbabra, Azzouzyine Ouled Maala, Ouled Aissa,Ouledand Ouled Alouane). 60% of the males

and only 14.6% of the women are actively working. More than 40% is beyond the last rate

of rural poverty in Morocco (The idea is that 40% of the rural population are classified as

the lowest level in term of poverty in Morocco. The popu lation of the commune is

dominated by young people. But the illiteracy is high in spite of the nearness of Rabat:

63.9%,di vi ded over 50 % for men and 79.3 % for wo me
facilitates the rural migration and limits the availabilit  y of manual labour for the

agriculture.

The majority of the farmers (77 %) are over 50 years old and 30 % are more than 65 years
old. This can constitute a constraint for investment. The farmers of rather young age
groups (less than 35 years), thus the most motivated for innovative projects, represent
only 3 %.
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Level of education

Although an important proportion of the farmers did not receive formal education or only
has primary school level education, ana significant number, in comparison with other
zones, has a high academic level. This is due to the fact that several business men, living
in the city and having other activities, invest in the zone and buy plots of farms. It is
mostly within this category that we find important investments and innovations.

The road network is relatively dense; the average distance house -road is often less than 2
km; but the zone is cut in two by the lake of the Sidi Mohamed Ben Abdallah dam, which
also separates the Sehoul commune from the Zaér region on the other side of th e Grou
valley.

In the social domain, the commune counts 5 school units, 4 sanitary basic units and a
feminine institution (where girls can be educated for specific jobs).

The commune has problems of marginality in spite of its proximity to the town of Raba t-
Salé. This is noticeable through the low level of the activities of the persons and their
movement, as well as the low traffic of cars on roads. The estimated turnover of the
transactions of fertilizers, phytosanitary products and farm  produces,produces; on the souk
Larba®© doesndt exceed some thousands of Dh.

Level and source(s) of income main stakeholder groups
Structures: number of exploitations: 2716, average size 7 ,4 ha, average number of plots by

farm 3,6

u <5ha: 59,9% of the farms, 19,7% of the surface
u 5-10ha: 22,5% 23,4%

u 10-20 ha: 12,2% 24,8%

u 20-50ha: 4,6% 19,6%

u >100 ha: 0,2% 5,2%

The upgrade of the socio-cultural equipments as schools and hospitals of the commune is
imperative because it does not seem logical to maintain, a space in a state of under -
development near the capital, which the population, and especially the young people, find
unacceptable.

The intensification and the diversific ation of the activities that generate incomes, have to
be developed with the socio -cultural structures. The development of the recreation and
tourism activities must be investigated. The same applies to the small professions in
contact with the everyday li fe of the population.

Major livelihood supports available from the resource base listed above

According to the estimates, the current farm production remains much lower than the
demand. Indeed, the visits of souks and the discussions with the local popula tion showed
that a big part of the consumer products result from the market of Salé which is furnished
from the Gharb, Témara and several distant regions. It is with the farmers who have
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possibilities of financing, where we find systems led in a modern way introducing drip
irrigation drip irrigation and intensive cultivation.

5. Institutional and political setting

Existing institutions involved in natural resource management and desertification
Programme National de Lutte Contre la désertification (PANLCD) : Department of Forests
and Department of Environment

Existing laws and policies for land and water resource management

This is a very complicated situation, with absence of integration between several
generations of laws. In addition, the laws concerning fo rests and pastures concern two
resources which have many uses and which are concerned by several local actors.

Water is under the dependance of the public sector. Their use is regulated by many laws,

today integrated in the 0 Ciotbducedsmdirfhevatianéin( 10/ 1995
term of decentralisation and use. The property of land is private for most of it; only the

forests are of a domanial property.

6. Relevant end -users / stakeholder groups (at all levels)
Govt. / Project staff

- National: The engine ers and technicians responsible of the services of agriculture and
forest.

- Local technicians of the same services

Public administration

- Agriculture and | ivestock: Provincial Direction of Ag
- Forestry: Regi onal Direction of Forests ODREFO

- Water: Hydraulic basin Agency of the Bouregreg

- Environment: no local representation.

- The elected municipality council

- The local power-administration of the commune,

Research Centre and Universities:
Mohammed V University and other schools of engineers

NGGs:
- More related to cultural activities, not really involved in development aspects

Land users:
Farmers with a high diversity of land use, and ownership

7. Past and on -going projects:
In the first years of the 21 * century, a large agriculture project was conducted; but it had
a low rate of success.
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Study Site description

- Tunisia

1. Responsible IP partner

Partner: 12: Institut des Régions Arides (IRA), Médenine, Tunisia

DESIRE study site: 9

2. General Information

The study site (SS) belongs to the region of south eastern Tunisia. It is a transect which
stretches out from the Great Oriental Erg oriental and the Dahar plateau in he west,
crosses the Matmata mountains between Béni Khdache and Toujane and the open Jeffara
plain, then the saline depression (Sebkhat ) of Oum Zessar before ending into the Gulf of
Gabés (Mediterranean sea). The SS covers an area of 897 krhand the approximate
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The site was selected for the follow ing reasons:

1 From the ecological and socio-economic point view it is considered representative
of the region of south east Tunisia where desertification is a major concern,

1 Since 1995, many integrated research projects for development cooperation
(funded by the EU, CSFD, USDA, Flanders, etc.) have been undertaken in the same
region such as: WAHIA (water harvesting impact assessment), MEDRATE (Evaluation
of rainfed agriculture in the Mediterranean), GISTUN (GIS for watershed
management), Jeffara, SUMAMAD (Sstainable management of marginal drylands),
etc.,

1 Major development projects have been carried out: soil and water conservation
strategy, water resources mobilization strategy, natural resources management and
livelihood improvement (World Bank); rural dev elopment programs; basic
infrastructures (water, electricity, roads, etc), etc.

1 IRA contributed actively in 2006 in the elaboration of the local action plan for
combating desertification as part of the NAP -UNCCD in the county of Béni
Khédache.

The main loc al involved partners are:

1 The regional department of the Ministry of Agriculture ( Commissariat Régional au
Développement Agricole) (CRDA) which is in charge of all agricultural development
programs and projects in the province of Médenine.

1 Two local NGOs(AJZ: Association des Jeunes de Zammour a Béni Khédack; APB:
Association de Sauvegarde de la Biodiversité a Béni Khédache) engaged in the
preservation of the environment, combating desertification and local development.

1 GDA(Groupement de Développement Agricole) : the herder association which
focuses mainly on the problems of grazing and livestock husbandry in the
rangelands of the Dahar plateau.

Though Arabic is the official language, French is widely used too, especially for technical
purposes. However, English is relatively restricted to research and university arena.

3. Bio-physical description

By its position, the climate in the study site is of the Mediterranean to Saharan type. The
coldest months are December, January and February with occasional freezi ng (up to -3
°C). June-August is the warmest period of the year during which the temperature could
reach as high as 48°C. The temperature in the SS is affected by the proximity to the sea
and the altitude. Having an arid climate, the rainfall in the SSis  characterized by low
averages, high irregularity (both in time and space) and torrential characteristics. It
receives, on annual average, between 150 and 240 mm in the mountains and eastern parts
but this amount decreases rapidly to less than 100 mm in the zones close to the desert.
The prevailing winds affecting the plain and the plateau are: in winter the cool and humid
eastern/northeastern winds, and in summer the hot and dry southeastern winds, called
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Chhili or Guebli. With high temperature and low rain fall, the potential evapotranspiration
(ETP) is very high (around 1321 mm/year) and the climatic water balance is negative
almost around the year (Ouessar et al., 2006).

The SS is drained by two main wadis (dry streams): Oum Zessar (367 knf) facing east while
the Hallouf Dahri (530 km ?) is facing west. The average runoff is estimated at 8.74
mm?3year (Fersi, 1985).

The SS is made of three major geomorphologic landscapes; the Dahar plateau, Jebel
(mountain) Matmata and the Jeffara plain. Djebel Matmata cross es the region from the
northwest to the southeast the range becomes less massive and is divided into a humber of
hills of an average height of 400 meters, whereas in the north altitudes reach more than
600 m (Jebel Mzenzen culminates at 690 m). The Djeffar a is the coastal plain coming from
Gabeés, clears into the south at the level of Mareth, into the Djeffara, which also stretches
NWESE, forming the coastal area. At highest it reaches an altitude of 100 meter above sea
level, and it ends in the sea (or lagu nes/sebkhas). The geological formations are of
alternating continental and marine origin. The oldest submerging layers are represented by
a marine, superior Permian, and the most recent ones are of the recent Quaternary. In
between appear strata of differe nt age, which is generally declining in northward
direction.

The most important aquifer is that of Zeuss -Koutine. It is situated between the mountains
in the southwest, the submerging jurassics of the Tadjeras in the south -east, and the fault
of Médenine in the north east, and consists in layers of jurassic age. It is sustained by
infiltrating water from the wadis Zigzaou, Zeus, and Oum Zessar and the C.I. ( Continental
Intercalaire ). Renewable resources are estimated to 350 I/s with a salinity ranging from
1.5to 5 g/l. The depth varies between 170 and 680 m. The second one is that of Gres du
Trias, extending from Harboub in the south, the zone of Médenine and Metameur in the
east, Wadi Hallouf in the north, and the Dahar fault in the west. Fed by the wadis  of the
plain of El Ababsa, it dwells in formations of the upper Trias. Salinity ranges from 0.9 g/l

at El Megarine and 1.5 at Harboub. Actual exploitation is 128.2 I/s, with the renewable
resources estimated at 150 I/s. The average depths is about 150 m. The characteristics of
the various deep aquifers in the study were summarized by Labiadh (2003). Except, the
Jurassic aquifer of Beni Khédache, the pumping rate of the various aquifers is very
important. In addition, the salinity is also high.  Shallow aquifers are found in the form of
limited resources surface aquifers within less than 50 m depth but with high salinity in

most of the cases. They are mostly generated by the subsurface underflow of the big wadis
(Labiadh, 2003; Ouessar and Yahyaoui, 2006).

Five main soil classes have been identified by Taamallah (2003):

T Les sol s min®r auxlithdgsols) male up th&@in® nfaaamites, limestone
outcroppings and stony regs. They are located in the upstream area (mountains and
hills). They cover 20% of the study area.

1 Les sols peu évolués(Fluvisols) occupy a relatively reduced area and are found in the
plain and the downstream parts. They represent 13%.
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1 Les solscalcimagnésiques (Calcimagnesic) represented by rendzinas on calcareous or
gypsum crusting or on the miopliocene. They cover an important area on the upstream
and piedmont parts (35%).

1 Les sols isohumiques bruns calcaires tronqués (Isochumic): They are not very deep soils
overlaying on the dismantled calcareous crust of villafranchian and cover ed sometimes
by a shallow (few centimetres tick) of wind deposits. They cover 20% of the region.

1 Les sols halomorphesET hydromorphes (solonchak and solonetz) are encountered at
the level of the depressions ( sebkhasand garaas) on the coastal areas. They are
characterized by a very high salinity (12%).
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Figure 2: Soil map of the study area (source: Taamallah (2003)

The study area is characterized by a high diversity of vegetation types. They are linked to
several ecological groups whose major part is soil groups (Ouled Belgacem et al., 2003)
(Associations of Anarrhinum brevifolium and Zygophyllum album, of Artemisia herba -alba
and Hammada scoparid), but also influenced by human pressure (Association of Pituranthos
tortuosus and Haplophyllum vermiculare , fa cies of Pituranthos tortuosus and Artemisia
campestris). This could be explained by the important role of soil and man in the
determination of the plant cover in these arid regions of Tunisia. This analysis allowed us
not only to locate the main vegetation types which have been determined earlier but also
identify new degraded facies of Helianthemum lippii var. intricatum  of the Anarrhinum
brevifolium and Zygophyllum album association. The determination of these different
vegetation types and the spacializa tion of the field data meaning the GIS permitted the
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establishment of the vegetation map of 2001 (Ouled Belgacem, 2003). A high diversity of
vegetation types was found due to biotic factors (soil water availability, physico  -chemical
characteristics of soil s) as well as to abiotic factors (topography, human activities).
According to the topsequence, we can distinguish relics of the Juniperus phoenicea and
Rosmarinus officinalis evergreen garrigue at higher calcareous mountains followed by the
Stipa tenacissima steppe which dominates the calcareous crust mountains. When
degraded, this steppe has been replaced by the Artemisia herba -alba and Hammada
scoparia steppe with its Gymnocarpos decanderfacies. In the piedmont with gypseous
crusts, the Anarrhinum brevif olium and Zygophyllum album is mostly degraded and very
often replaced the Astragalus armatus, Atractylis serratuloides or Lygeum spartum
steppe. The low -lands are very often covered by steppes of Ziziphuslotus, but i n O0str ec:
b e d s 6Artentisea campestr is and Thymus capitatus steppe often dominated. The sandy
valleys to the south -west of the study area are mainly dominated by a very degraded
Rhanterium suaveolens steppe which has been generally replaced by different

deterioration stadiums of Astragalus armatus or Lygeum spartum or its abandoned fallow
lands with Artemisia campestris and Pituranthos tortuosus . Toward the downstream and in
the salty closed depressions (sebkhas), the plant cover is generally dominated by
halophytes such asNitraria retusa, S uaeda mollis and Limoniastrum guyonianum. By
comparing the dynamic of the vegetation between 1972 and 2001, Ouled Belgacem et al.,
(2003) found: 1) an important extension of the cropping area especially in the sites where
the topography is favourable for s ediment and runoff collection. In fact, the data provided
by the GIS showed an important decrease of the pure steppe area between 1972 and 2001
of about 13700 ha (36%) in favor of the cropping area which increased of about 200%, and
2) a high dynamics of t he different vegetation types in a relatively short period (30 years).
This dynamics is linked to anthropic factors (agricultural development, grazing) favored by
the endogenous conditions (physico-chemical characteristics of soils, stock of seeds in the
soilsé). Also the important extension of crops w:
value vegetation types covering the good soils (ex: steppes of low -lands). These vegetation
types are often replaced by deterioration steppe dominated by spiny species of low range
values (e.g.: steppe of Astragalus armatus replacing steppes of Rhanterium suaveolens)
(Ouled Belgacem et al., 2006).
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Figure 3: Simplified land use map of the study area (adapted from Ouessar 2007)

Two major types of works combating desertif ication have been carried out: water
harvesting techniques (WHT) and sand dune fixation (Ouessar et al., 2006b).

A wide variety of water harvesting techniques is found in the study area. In fact, the
hydraulic history of this watershed is very ancient (Ca rton, 1888) witnessed by the
remnants of a small retention dam, supposed to have been built in the Roman era, near
the village of Koutine and the abandoned terraces on the mountains of wadi Nagab in
addition to numerous flood spreading structures (Henchir Zi t oun, Henchir Rmadi,
(Ouessaret al ., 2002; Ben Khehia et al ., 2003; Ben Mechlia & Ouessar, 2004). The main
encountered systems are: Jessour on the mountain ranges, Tabias on the foothills and
piedmont areas, cisterns, and groundwater recharge gab ion structures in the wadis
courses. Within the framework of the national strategy for soil and water conservation,
huge works have been realized between 1990 and 2000. In fact, there have been the:
treatment of approximately 6500 ha in Jessour, Tabias, et c., installation of more than 175
units for groundwater recharge and flood spreading, installation of more than 10 recharge
wells, and safeguard and consolidation of more than 8500 ha.
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Figure 4: Jessour system in the mountains of Béni Khédache

Figure 5 : Spreading structure on the wadi Nkim
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The sand dune fixation techniques include:

1 Mechanic fixation: The first step in sand fixation. It consists of creating obstacles
against prevailing winds in order to decrease its speed and to enhance sand
accumulation in the form of artificial dunes. Two materials have been used:
fibrocement plaques which were gradually replaced by dry date palms (Khatteli, 1996).

1  Squaring: This technique consists of the installation of a network of palisades laid out
in chess-board (Khatteli, 1996).

9  Afforestation and pastoral improvement:  This operation consists of fixing the moving
sand dunes by plantations once the mechanical stabilization is completed. Various
forest species, used for combating sand encroachment in the study area a re divided
into two groups (Mekrazi, 2003) :

o Introduced species include: Eucalyptus, Acacia cyanophylla, Acacia ligulata ,
Prosopis will julifliora , Parkinsonia, Pine of alep, Acacia horrida, Acacia tortillis,
Acacia cyclopis, Casuarina

0 Local species are: Calligomaum azel, Lycium arabicuim, Atripex halimus, Tamarix

The Office of L ivestock Breeding and Pastures (OEP) practices rangelands enclosures and
pastoral improvement by the plantation of fodder shrubs at private lands (Ouled Belgacem
& Genin, 2003). An enclosure of 3 to 5 years allows the vegetation to regenerate naturally
wit hout any intervention. The pastoral improvements are carried out with plantation of
fodder shrubs: Atriplex halimus, Atriplex nummularia, Rhanterium suaveolens, Periploca
laevigata, etc. In the Jeffara region, the Afforestation programs, which startedint  he
colonial period along the Tripolitan road in particular, have been continued during the
sixties by the Forest services aiming at protecting the agglomerations and infrastructures
from sand encroachment. These plantations have been installed on state own ed lands or
collective rangelands subject to forestry regime. The OEP duplicated the same practices
private rangelands by installing enclosures or fodder shrubs plantations in exchange of
providing the owners with subsidies for three year period depending on the success of the
operation (Mekrazi, 2004). In the study area, almost 25 sites have been identified where
the Forest services or the OEP have intervened.

The major degradation processes which need to be addressed are: water erosion, wind
erosion, rangeland degradation and drought.

4. Socio -economic description

The total population in 1994 was around 151,000 inhabitants. The population of the study
zone doubled between 1975 and 2004. This evolution was marked by the migratory
movements especially during the period 1975 -1984. Compared to the rural Tunisia, the
average age of household head is rather high (53 years). It is higher in the upstream than in
the downstream areas (56.2 years in Béni Khedache and 50.8 in Mareth) which confirms the
maintenance of a more long-lived patriarchal authority within the framework of large
families in mountain and piedmont zones of than in the plains (IRA, IRD, 2003). The
average age of the population of the study zone is higher of 3 years than that observed for
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the provi nce of Médenine and for rural Tunisia (28.8 years with the survey, 25.8 with the
census of 1994). This difference is due to the low relative number of young children,
mainly in the age group of 0 -4 years, and the emigration (Picouet et al., 2003).

The education level is very diverse in relation to the gender. The proportion of illiterate

men is relatively low and estimated 8 % for the age between 15 and 49 years. It is

estimated at 60 % for the men with an age over 50 years. For women this proportion is
higher than 35 % and 95 % respectively for women aged between 15 and 49 years and older
women. Less than 50% of the people have a primary education (47 % for men and 43 % for
women) and only 4 % got university education for men aged between 15 and 49 years
(Picouet, 2003).

The place occupied by the agricultural sector in the province of Médenine can be
determined by the importance of the annual income generated by this sector. which
reached (1994 data) 116 million dinars as well as the percentage of the labour affected to
this sector which reached at the same year 19% of the active population. This rate is,
however, in continuous decline passing from 26.6% in 1989 to 21.6% in 1994 (MEAT, 1998).
This sector is confronted with certain problems, like desertificati  on, scarcity of water, the
marginalization of pasture lands. The productivity of certain cropping species remains low
and variable and not very competitive. The agricultural production is, in all cases, highly
depending of the climatic conditions. Neverthe less, agriculture still represents an
important sector with twofold dimensions; economic and socio -cultural. It represents a
source of subsistence and production of richness and management of risks, on one hand,
and a cultural and patrimonial reference, on the other hand.

The traditional production systems combined the concentration of the production inputs on
limited areas and the extensive exploitation of pastoral resources. During the last forty
years, a rapid evolution of the production systems has take n place and it was marked by
the exploitation of the natural resources, particularly the increased use of ground water
resources by drillings for the extension of irrigated fields and the agro -food industries, as
well as the extension of arboriculture int he coastal areas because of land property
transfers. In this context, the spatial agrarian complementary systems disappeared ° and
were replaced by inter -connected production systems whose dynamic is expressed by a
competition for the access to natural reso urces and especially towards water (IRA, IRD,
2003). The farming systems are marked by their diversity from the upstream to
downstream areas. These systems are essentially distinguished by: 1) a non regular
agricultural production that varies from one year to another depending on the rainfall
regime, 2) the development of fruit trees orchards and the extension of newly cultivated
fields at the expense of rangelands, 3) the gradual transformation of the livestock
husbandry systems from an extensive mode, highly dependent on the natural grazing lands,
to an intensive mode, 4) the development of the irrigated agriculture exploiting the

3

% The old system consisted of small scale agriculture based mainly on jessour water harvesting technique in the
mountain areas and open grazing in the plain. However, the post indepen dence period was marked by an
accelerated expansion of cropped lands (mainly for olive plantation) at the expenses the natural rangelands.
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shallow and deep groundwater aquifers of the region, and 5) the predominance of olive
trees (almost 90 %) and the development of episodic cereals. The main encountered
farming systems are: System of "Jessour", system of irrigated perimeters, system of olive
trees, and system of multicrops dbreeding. Arboriculture represents the main agricultural
activity in the area. The olive -tree is the main species cultivated in row cropping with
other trees (fig, almond) on the terraces of the water harvesting structures. The olive -
growing production dominates almost the totality of the agricultural production in the
various geophysical zonesof the watershed area. The pasture lands, which represent the

main support of the breeding sector, cover 187,507 ha in the Zeuss -Koutine regions, that is
3 % of the national rangelands. According to the livestock census 2000 the livestock is
made up of 98,800 heads of sheep, 60400 heads of goats 1,150 heads of camels. The herd
consists on average of 8.5 sheep, 4.59 goats 1.95 camels. This number varies largely from
one site to another (Sghaier et al., 2003).

¥ ’4;-:\: it _ S o - < \:
Figure 13 Livestock is an important activity but overgrazing may lead to desertification

Studies conducted in the region (Sghaier et al., 2003; Sghaier and Ouessar, 2006) showed
that the activities of the households providing the main sources of incomes are

respectively paid la bour (38%), tertiary sector (22%) and agriculture (17%). This
diversification of incomes is confirmed by the predominance of the households that make
recourse to several sources of income (65.4 %) whereas 34.6 % only have only one source of
income. Average income of the households is estimated at 2992 DT/year with a standard
deviation of 2784 DT/year; a minimum of 300 DT/year and a maximum of 22,000 DT/year.
Apparent disparities between the various counties are noticed. In fact, the average annual
family in comes are 3337 DT in Mareth. 2906 DT in Beni Khedache. 2764 DT in Northern
Médenine and 2684 DT in Sidi Makhlouf.

Concerning the land tenure, following the promulgation of many laws, the process of
privatization has been accelerated which encouraged the pe ople to transform the
rangelands into cropping fields and now most of the land has become private. This has
resulted in the extension of olive orchards at the expense of grazing lands. The evolution

of the land tenure is linked to the attribution of the co  llective lands as private ownerships.
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The collective situation of the land has undergone a constant evolution during three main
periods (1901-1964, 1964-1974 and 19741998). The area of the collective lands decreased
from 99,150 ha in 1901 to 19,680 ha in 1998, i.e. a reduction of 80 %. 86 % have been
attributed to private owners whereas the remaining (14%) are proclaimed as ranges within
forest lands. During the period 1964 -1974, the private lands doubled whereas it increased
only by 19% between 1974 and 1998 due to the attribution procedures as well as the
encountered difficulties at the level of some communities: the process of privatization is
complex and requires a full agreement between the members of each community (tribes).
The current land tenure si tuation of the study zone is characterized by two features: The
prevalence of the small sized properties. 50 % of the farms have a maximum area of 5 ha,
the property division is rather reduced (Sghaier et al., 2003).

The major degradation drivers are the i ncreased pressure on natural resources due to
extension of cropping areas on very fragile soils (sandy soils) and the increased livestock on
already degraded rangelands.

5. Institutional and political setting
The institutional network in the study region is relatively dense made of:

- Basic organizations formed by a grouping of agricultural development (GDA), a co -
operative of agricultural services (CSA) and 23 groupings of collective interests
(GIC);

- 4 NGOs: AJZ (Association des Jeunes de Zammour), ADD (Assiation de
Développement Durable), APBB (Association de la Protection de la Biodiversité &
Béni Khédache), ACPPBK (Association de Conservation du Patrimoine), etc.

- Representatives of the central administration/ministries: UTAP (farmer union),
UNFT (womenunion), the ODS (development agency of the south), CTV
(agriculture), OEP (grazing and livestock agency)

6. Relevant end -users / stakeholder groups (at all levels)

The potential end users are:

National level:

- The focal UNCCD point at the Ministry of Environ ment and sustainable
development,

- Ministry of Agriculture and water resources and particularly the divisions of Soil and
water conservation, forestry, water resources, etc.

- Ministry of Development,

- Research institutions: INRAT, INGREF, 10,

- National farme r union (UTAP),

- Grazing and livestock breeding agency (OEP),

- Outreach and agricultural extension agency (AVFA),

- Universities: IRESA, University of Tunis, University of Gabeés, etc.
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At the regional/Local level: In addition of the stakeholders mentioned abov e we can add:

Province council and particularly the regional commission for combating
desertification,

Regional directorate of the environment (south east).
Schools (primary and secondary)

7. Past and on -going projects

Development projects

The program of inte grated rural development (PDRI)

Primarily intended for the revalorization of the rural zones in particular those for
agricultural use, this program is subdivided in two generations. The first generation
was implemented between 1984 and 1994, and it focuse d on the zones: Dhahar and
Fjij. The number of beneficiaries was 277. The second generation of PDRI started in
1994 and was extended to cover also small businesses.

The regional program of development

This program is annual, is conceived to improve the li ving conditions of the regional
communities. Its budget is managed directly and completely by the regional
council.

The national solidarity program (FNS 26 -26)

The achievements of this program contribute to the reintegration of the remote
zones in the economic sphere. It concerned between 1993 and 2001, 2438 families
in19 localities.

The Ababsa Il project

It was conducted mainly in the piedmont areas where it contributed to the
improvement of the infrastructures (roads, water, electrification, etc) but als o the
agriculture sector (soil and water conservation works).

The natural resources management Project "PGRN"

The objectives of the project consist of the improvement of the natural stock
management and the improvement of the standard of living of the rura | populations
through the implementation of participative plans of development (PDP). The
intervention zone of the project concerned 18 socio -territorial units (about 3300
families) in the province of Médenine .

Agricultural development fund (FOSDA)

This fund is designed to assist the farmers in the rural areas by subsidizing small
scale agricultural activities (soil and water conservation works, fruit tress
plantations, etc.). It is operated by the representatives of the ministry of
agriculture (CTV).
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Research for development projects

Project IRZOD

Project IRZOD (Rural Innovation in Difficult Zones) entitled "Jessour and Ksour de
Béni khédivial" is implemented within the framework of an experimental program of
development durable and carried out withint he framework of the bilateral co -
operation between the Regional Council of Médenine and the General Council of the
Department of Le Hérault (France). It is a program of "research and development"”
initiated by the Institute of the Arid Areas of Médenine and the Mediterranean
Agronomic Institute of Montpellier.

WAHIA

Itis in an INCO-DC project implemented between 1998 and 2002 by IRA,
Wageningen University (The Netherlands), University of Ghent (Belgium) for the
impact assessment and economic evaluation of water harvesting techniques in the
dry areas.

MEDRATE
It was implemented within the EC (DG.I) -CI HEAM cooperation project
Action Progr amme: Rainfed agricultured bet wee

evaluation of agricultural practices to improve efficiency and environment
conservation in Mediterranean arid and semi -arid production systems.

SUMAMAD

This project was implemented in joint collaboration between IRA, the UNU,
UNESCOMAB, ICARDA and the University of Gent (Belgium) with a funding from t he
Flemish government of Belgium (1st phase: 2003-2007). The project aimed at
enhancing the sustainable management and conservation of marginal drylands in
Northern Africa and Asia through conducting participatory research on the natural
resources conservdion and exploitation and exploration of alternative income
generating for rural communities in the dry areas.
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Study Site Description 0 Djanibek /Russia

1. Responsible IP partner
Moscow State University of Environmental Engineering (MSUEE)

2. General informa tion

The 0Djani bek @1 1Nt 46°d 9 ) &5 sittiaged ¢n5he territory of Pallasovsky
District, Volgograd Region, RF (Fig.1a) and geographically belongs to Elton Lake Province of
Zavolzhie steppe, which is classified as a desertification provinc e with dry steppe, situated
at the left bank of the lower reaches of the Volga River valley.

MSUEE site

Fig. 1. Administrative maps of Volgograd Region (left) and Pallasovsky District (right)

Pallasovsky District is occupying an area of 12,370 km?, the extent of the territory from
north to the south is about 180 km, from West to East around 60 km (Fig.1b, 2a, 2b). The
total population in the district is about 47,400.

The Pallasovsky District was selected as one of the two study sites of MSUEE partner in the
DESIRE project, because of its strong desertification processes which are quite different
from other districts of the Volgograd Region. The actual main desertification processes are
soil salinization (fig. 10), depletion of fresh water resources and overgrazing, having a
strong impact on vegetation growth.
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Fig.2. Google maps of study site and experimental plot near Romashki village

3. Bio-physical description

The Zavolzhie Steppe is located in the North -Western part of the Caspian Lowland
territory. The Caspian Lowland represents a unique territory in Europe with a transition
from steppe to semi-desert ecosystems. The semidesert itself is a transitional zone to the
real deserts of Asia.

Average annual temperature in the region is 6.1 -7.2° C. Mean annual precipitation is
between 150-300 mm. Almost one half falls during the warm period (April -September),
when average annual potential evaporation reaches 900 -1000 mm and the maximum
temperature is above 40° C. Dry winds are observed for around 80 days per year with
minimal temperature around -35° C. A stable snow cover can be observed from November
till March, with an average depth of 10 cm.

Frosts in the late spring and early autumn, winter thaws and strong eastern winds have a
very negative impact on agriculture of this area. Average air humidity is around 50 -60 %, in
the summer this value is down to 13 %, even during night time. Average spring moisture
storage in the soil layer of 0 -100 cm is about 50-60 mm, which is why the yield on non -
irrigated lands usually is very poor. The moisture deficit increases by the middle of April,

this leads to fast evaporation from the upper soil layers. During summer soil temperatures
reach 65-70° C. Quick and timely agricultural actions need to be carried out in order to
benefit from the spring moisture and in order not to be too late with sowing. Out of 25
years only 5 years are productive, 4 out of 25 are average years and 16 are non -productive
years.
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The territory of the Pallasovsky district has several mineral depositions: potassium salt,
sodium salt, bittern and materials for the construction p  urposes, ceramic.

The climate and geographical situation enabled the establishment of the tuberculosis clinic

in the district. There are therapeutic facilities in this area; main remedies of this centre

are mineral water from t hternaf Berbtonhakel(highsaktyy 6 sour ce
water with concentration about 300 g/l), mud from the bottom of the Elton Lake and the

dry steppe climate of the region.

The North-Western part of Caspian Lowland where Pallasovsky District is located, is a

plain, slight ly inclined toward the Caspian Sea with a maximal elevation of about 67 m asl

at Ulagan salty hill and Presny Liman hill about 56 m asl. Its minimal elevation is about -

17 m at the Elton Lake bed (fig. 3), which maximum depth is about 0,5 m. This territory is

poorly drained, mainly by two small rivers networks. The first one in the northern part

with fresh water is linked to the Torgun River which is a tributary of Volga River, the

second one in the southern part with saline water (5 - 25g/l) is linked to Elton lake. The

centr al part doesndt have any di st i-pronduncedur f ace w
meso- and microrelief, which has a big impact on local runoff and infiltration.

Fig. 3. Regional Fig. 4. Regional Land Fig. 5. Regional Land Fig. 6. Regional
elevation map, Cover map, derived Use map, derived from Vegetation map,
derived from Global from Global mapping Global mapping derived from Global
mapping mapping

The territory of Pallasovsky District is composed of thick slightly saline h eavy loams
deposited as a result of the Caspian Sea Quaternary transgressions.

Groundwater in this region being a receiver of surface water, has a depth and
concentration highly correlated with micro -relief. Under microdepressions the surface of
groundwater is convex with a depth of about 2 - 5 m and mineralization of about 0,3 -
1,4 g/l. Under micro -elevations the surface of ground water is concave with a dept of
about 3 - 9 m and mineralization about 4 -17 g/l.

The meso-elevations are occupied by solonchakous solonetz soils (>50% of the plain) under
desert Artemisia pauciflora associations. The slopes of mescelevations (about 25 % of the
plain) are occupied by light -chestnut solonetz face soils under dry -steppe vegetation
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(Pyrethrum associations). The meso-depressions are occupied by meadow-chestnut soils
developing under form -grassy steppe vegetation with predomination of Festuca sulcata
(fig. 6, 7).

a. solonchakous ®lonetz soilsin  b. Light-chestnut solonetz face c. Meadow-chestnut soils in
meso-elevations soils in meso-elevations meso-depressions

Fig.7. Soil and cover types at meso -elevations

Fig. 8. Natur al vegetation cover.
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Typical land cover is grassland (with spots of cropland, fig. 4, 5) in the form of hyper -
halophyte and halophyte vegetative communities in the desert zone and zonal communities
of deserted steppe (fig. 7, 8).

Along the transport roads in the region there are b elts of artificial forest suffering from

lack of fresh groundwater. Special experimentations during 60 years to introduce long
forest belts (49 °2 4Ny, 46°4 8 B) in this region with the aim to protect large field areas

from the wind, tracking of snow by win d, offer protection from wind and water erosion and
to harvest snowmelt (one of the technologies used in the steppe area to stop land
desertification) were successful (fig. 9). Unfortunately, developing these belts at a large
scale was considered very costly due to the need for regular maintenance of the trees.

a. Inside the forest belt b. Google map of forest experimentation site

Fig. 9. Artificial forest belts.

According to the classification based on an aridity index, Volgograd Region is located in the
semi-arid zone with P/ETP ratio between 0.3 -0.5 and an annual precipitation about 200 -
400 mm. In this region around 14.3 % of agricultural lands have a strong desertification
index, 18,6 % have moderate desertification level and others about 67,1 %- have a weak
desertification level (fig. 8). In such severe conditions a dry farming (rain -fed, and/or rain
& snow-fed) and animal husbandry are possible.

The main desertification processes within the Volgograd Region, as shown in fig. 10, are
weak manifestation of water erosion (26 % of agricultural lands) , moderate and strong soil
salinization (17 % of agricultural lands) and deflation (1 %of agricultural lands, the latter is
specific for light sediments).
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Border of Land Desertfication Processes in
European Part of The Russian Federation
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Fig. 10. Map of t he desertification processes in European part of Russian Federation
(derived from Kust, 2002).

Black Sea

4. Socio -economic description

A substantial increase of desertification in the Volgograd Region occurred before the 90s,
the main human-induced factors being plowi ng of marginal lands together with the growth
of livestock numbers. Stocking level increase in years with favourable weather was
twofold, in the years with average weather conditions 4 times, in unfavorable years 8.5
times. Even the threefold decrease of t he total number of livestock observed in the past
decade did not result in a considerable improvement of the state of pastures (with the
exception of remote homesteads). Since 1991 began a sharp decrease of the gross
agricultural output in the region. Decr ease of production output and incomes (less than
half compared to 1990) resulted in a lower demand for agricultural machines, equipment,
fertilizers, pesticides, etc., especially in the semi  -desert Zavolzhje steppe. In 1999 -2000
the region's administration considered the expediency and possibility of moving population
from the southern part of Pallasovsky region to regions with a more favorable natural
situation . At present many former cultivated lands are abandoned or set -aside. Agricultural
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lands occupy 76.8%, the arable land 51.7%, the hayfields 1.8%, the pastures 23.2%, the
forests 3.4% of the total area of the oblast.

At the beginning of XXI century the area of eroded land in the oblast made up 2,220,500 ha
(26% of agricultural lands). Arable land occu pies the major part of it 81,346,000 ha. The
area of deflated soils made up 87.300 ha (1%), of which 46.800 ha on arable land. Saline
land covered 1,436,500 ha (17%) by the beginning of 2001, including 691.600 ha on arable
land. Great damage was caused to pastures d % of their area is at different stages of
degradation. Only 40.000 ha are used for irrigation, 76% of the formerly irrigated lands was
withdrawn because of land abandonment and secondary salinization with rising water table
as the main consequences of irrigated agriculture. Soil organic matter losses due to erosion
reach are taking place at 2 -3 times the speed of accumulation.

In Zavolzhje semidesert the use of intrazonal soils on brackish lagoons and depressions of
the mesorelief as the most p roductive areas was a long-term practice. Such system of land
use was well combined with traditional meat -wool stockbreeding. Depressions occupy 10-
15% of the study area. Brackish lagoons under cheap border irrigation were commonly used
for haying as well for grazing on harvested field and in the 1970 -80s yielded 500.000 tonnes
of hay in Volgograd Oblast. Currently only one half from 58.600 ha is used and the hay

yield is usually not more than 2 t ha " instead of the expected 3.5 -4 t ha™.

Three quarters of the water for irrigation were provided by water supply channels and one
quarter by local water sources. The local irrigation system is composed of two systems.
The first consists of several hundred kilometres of water supply channels pumping water
from the Volga River or its tributaries. These end in the artificial ponds and fields which

had been abandoned after usually less than 10 years due to yields dropping below those on
dry land area. The second system is presented by local water harvesting from me Ited snow
and soil water conservation techniques. To accomplish this task hundreds of artificial

ponds and hundred km of small dams equipped by weir and surrounding agricultural areas
were constructed in XVIII-XIX centuries. During recent years the soil is not frozen during
winter time and meltwater infiltrates and reaches the ground water without any significant
water harvesting in soil and water storage in the reservoirs.

There are 55 settlements in the study area of Pallasovsky District. The total popula tion of
Pallasovka town which a administrative district of this district is about 47 400 people. From
this population about 35% are leaving in urban area dPallasovka town and about 65% are
living in rural areas. Overall sex ratio is 47,3% male and 52,7 female. In urban areas sex
ratio is 47,3% male and 51,6%- female. In rural areas there is a slight domination of

female population: 45,3% male and 54,7% female.

There are numerous nationalities living in this area, mainly Russian (44,5%), Kazakh
(41,4%) Chechen (0,03%), German (0,03%), Tatar (0,02%), Ukrainian (0,02%), Azerbaijani
(0,01%). The large number of the Kazakh people are explained by vicinity of the district to
the Kazakhstan Steppe which was for a long time homeland for nomadic Kazakh tribes. The
main language of the territory is Russian, but the Kazakh language is also in use by people
immigrated from Kazakhstan. In Russia to study in the primary and middle school are
obligatory.

193 |Stud y Site Description Russid Djanibek The opinions expressed in this report are thos
of the DESIRE Project consortium and do r
necessarily reflect the views of the Europee

Commission.



o= G

DES ! RE ISRIC
vww.desire-project.eu

Warld Soil Information

The area of Romashki Village, former Shtrasburg village, (expe rimental plot, fig. 8) located
32 km in north -westerly direction from the town of Pallasovka, is 153 ha. The population is
about 1200 people, 286 personal subsidiary plots. This village was founded by German
colonists under the epoch of Catherine the Great (1729-1796) with around 2000 people
living there in the XIX and XX centuries.

The collective farm of Romashki village was established in 1944 and has around 33,300 ha
of land (21,300 ha of arable lands). The main products of this farm are meat, wool (sheep,
fig. 11. c, d), milk (fig. 11 j) and cereals. This farm is one of two biggest sheep farms in
the Pallasovsky district. Cereals, mustard and rye are the main crops grown. However, this
requires an adequate land territory and appropriate management thati s not always
accomplished. Due to overgrazing soil erosion occurs.

In the XIX century, German settlers developed a huge meltwater retention system made of
earth , to be used for crop growing. At present,
provide a full service (fig. 11 b). Constructed during the second part of the previous

century the irrigation system was considered as not efficient for the prevailing market
economy due to the high price for supplied water and was therefore abandoned (fig. 11 h).
As a oonsequence the pumping of canal water was stopped (fig. 11 1) that blocked also and
water supply for household use including gardening. Water ponds of about 1 km? capacity
that were constructed for local surface water retention and for collective use for

recreation and growing of domestic Natatorial bird, fish breeding and watering livestock

(fig. 11 m) are almost empty (fig. 11 g, i) due to increased surface water infiltration rate

fed these ponds. A special groundwater reservoir (fig. 11k, o) constructed with explosives
during Soviet tim e as watering place for livestock was redesigned for mixing fresh surface
water and mineralized groundwater (about 7 -15 g/l). During the last ten years it had not

the capacity to provide enough water during all time needed, due to decreasing

groundwater ta ble (about 2 m).

Some of the mentioned water resource degradation processes can be explained by a
change of seasonal patterns in the local climate (i.e. rain during late autumn instead of
snow that diminishes the depth of frozen soil), long droughts, and consequences of the
destruction of irrigation system using .

During summer time water for domestic use is supplied in a big car -pulled cistern. In such
conditions local people are very limited in the use of their garden for vegetable growing.

Degradatonof | and and water resources affects peopl e
production (yields become lower and lands are abandoned because of salinization). The

young generation is leaving rural areas due to the low quality of life and the perceived

possibilities to find a better income in the urban areas. Lack of information about

sustainable land management, climate instability and weak institutional support as well as

low financial support from governmental organizations make the life of the people in this

region difficult.
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a. Sunrise in steppe.

e. Vierge steppe.

h. Abandoned land at
destroyed irrigation
system.

j. Cows at the natural
pasture.

|. Empty irrigation
channel.

b. Demolished weir at
levee of water detention
pond designed for
harvesting snowmelt
water

f. Study site territory at
Romashki village.

m. Geese at the
roadside.

c. Sheep breeding.

n. Administration heads
of Romashki village
during study site
assessment.

d. Local farmer dealing
with sheep breeding.
g. Artificial water
reservoir to be used for
as watering place for
cattle.

i. Practically empty
artificial surface water
detention pond

k, 0. Artificial ground
water reservoir

Fig. 11. Study plot at the territory of Romashki village.
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The main income of the stakeholders in the study site (Romashki) is agricultural production

from their garden plots (fruits and vegetables), and breeding cattle (sheep and cows).

There is a big agricultural congl omer algareon f ar m
working in this farm and their salary depends on its production.

5. Institutional and political setting

The Land Committee and Department of Hydrogeology & Land Reclamation are the
institutions which are dealing with land and water resources in the r  egion. They are doing
the monitoring of the conditions of the land and water resources, belongings of the land to
the particular owner or user and other related actions like remediation of lands.

Training facilities or informative sessions for local farme rs at the Djanibek study site are
not available.

Relevant end -users / stakeholder groups (at all levels)

Administration of Pallasovsky region.

Administration of Romashki village

Department of Hydrogeology and Land Reclamation

Farm «Romashkovskii». Large farm, leading in sheep breeding, growing of cereals,
vegetables and forage. The activities of this farm are influencing the soil and water
resources of the area. Overgrazing has become a big problem for the surrounding areas;
however, it is a provider of e mployment for the local people.

Small farmholders.

Holders of small vegetable garden s. Almost each family in the village is growing at

their garden vegetables for own use.

<<K<K<K o
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7. Past and on -going projects
Desertification control in arid regions of Russia is a subject of the scientific research in a
number of universities in Volgograd, Elista, Moscow. In particular, the Institute of Forest
Science of the Russian Academy of Science (Moscow) has carried out the following
projects:
V Analysis of regularities of arti ficial forest ecosystems formation in arid regions for
detection of their steady growth mechanisms (2000 -2002)
V Analysis of structural organization of natural and artificial forest ecosystems in arid
regions for estimating their stability in connection with  desertification processes
(2003-2005).
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1. Responsible IP partner
Moscow State University of Environmental Engineering (MSUEE)

2. General information

Novy Study site( | at i t u d\e a5nldA 8l 206n g i E) addieistratiZelylb@dhgs to the

territory of Marksovsky District, which is belonging to the Saratov Region (Oblast) of the

Russian Federation (fig. 1). This region is situated in the southeast of the Eastern European

pl ain named 0Gr eat Ru sreachesof\®lgaRiver &allediNighngee L ower
Povolzhie (downstream surroundings of the Volga River). T he total surface area of the

Marsovsky District is about 29, 000km?.

1. Joprmicrkoe MO
ﬁ 2. Kuposckoa MO
Lx} 3, Nunoncxoe MO

4. Ocmoncxoe MO

5, Noanecwonckoe MO
6. Npusormexoe MO

Fig. 1. Administrative maps of a) Saratov Region; b) Marks District, both Russian Federation.

The natural divi sion of the Saratov Region isthe Volga River (fig. 2). The Saratov Region is
a very diverse territory. It is important to take into account on which bank of the Volga
River the area is situated. The right bank of the river represents a strip of Eurasian steppe
with a variety of different grass es, but the left bank is a western province of middle Asian
zone of deserts of moderate c limatic zone.

The Saratov Region is considered as a zone of risky agriculture where cultivation is
impossible without irrigation. The predominant original and current land use type is
cropland, specifically annual and perennial (non -woody) cropping.
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Fig. 2. Satellite images of a) an area of Marksovsky District (study area) with administrative
borders shown, b) experimental site ONovyoso.

The territory of the Marksovsky district as shown at fig. 3 is located in a zone prone to land
degradation and which according to the FAO classification is a zone of very high land
degradation. After Kust (2002, research of land degradation indicators and processes
mapping in South region of Russia (fig. 3)) the main degradation process in this zone is soil
alkali nisation.

From a scientific point of view a major land degradation problem in this area is caused
mainly by the long time irrigation system used since its construction from 1960 ™ which
provoked a ground water table ris e due to over application of water. A s a consequences
the rising ground water provokes (1) water logging of irrigated and surrounding areas
causing a change of soil water regime from semi -arid to semi-humid, (2) a secondary soil
salinization due to dissolution of salt crystals held in the gro und layers of the vadose zone
and raising them to the upper root zone , which creates toxic conditions for plants and
augments a soil water osmotic pressure leading to diminishing of interval of available for
plants water in soil, (3) decreasing soil organic matter content due to leaching, which
leads to soil compaction, damage of soil structure, worsen ing hydraulic conductivity &
water retention capacity and other soil parameters.

From the | and users® point oafnonwnifernpaterrhof spih gr ound
fertility and extensive weed growth are consequences of former extended irrigation that is

still maintained in some areas. Thus, the main degradation type of irrigated fields and

surrounding territories is chemical soil deterioration, i. c. salinization: a net increase of the

soluble salt content at the plant root zone leading to a productivity decline.
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Border of land desertification processes in
European part of the Russian Federation
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Figo3. Location of study area oONovyd within a map of | &
European part of Russ ian Federation (after Kust 2002)

3. Bio-physical description

The Marksovsky district has a moderately continental climate. The summer is quite long

and hot, lasting from May through September, winter lasts from December through
February. The difference betwee n maximum winter and summer temperatures is 85 °C, the
difference between average temperatures of winter and summer is 3 5°C. The annual
precipitation varies from 391 to 435 mm (fig. 4). The relative air humidity never exceeds
80%, during summertime it averages about 60%. A blanket of snow settles on the region in
the beginning of December and melts away during the last ten days of March. The average
maximum snowfall is 28,5 cm in the forested plains, 26,5 cm in the plains. In April the
water storage in the upper 100cm layer of soil reaches 80-150 mm.
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Fig. 4. Repartition across Saratov Region of a) annual amount of precipitation, b) available
soil water at the beginning of growing season.

The irrigated lands are located mainly on the right bank of the Volga River valley at
one of five river corridor terraces. This territory is characterized by the most ~ favourable
soil and hydro-geological conditions and is suitable for irrigated farming (fig. 5). Fertil e
automorphic chestnut soils have been formed on the terraces. As a rule, the ground water
is fresh, slightly alkaline ; sometimes it contains salts but their concentration is very low.
The ground water table was mainly located at a depth of 5-7 m and deeper. The
unsaturated zone has a two-layer structure: a low penetrati on upper layer (loamy soil) and
a water bearing lower horizon (sand or loamy sand).

BGe NOMBEHHAR KAPTA H HBIX OTNOXEHUA
(19) A ainas vaso 000 : Soil May| (2) R

Ground Map

Fig. 5. Repartition across Saratov Region of a ) soil type, b) ground type.

A thick layer of alluvial sediments (up to 40 -60cm) contains a fresh water -bearing horizon.
Therefore, the first industrial irrigation systems have been built here inthe ~ 1960° *In spite
of the relatively high natural drainage , the development of irrigation has caused the
groundwater table to rise and waterlogging conditions on the adjacent areas . This was
followed by dissolution of salt in the upper unsaturated ground layers and by a rise of
ground water with higher salt conce ntrations into the root zone with a negative impact on
soil fertility. Waterlogging occurs first at the lower terraces above flood lands because of
both infiltration of irrigation water and subsurface inflow from the upper terraces.
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Fig. 6. Regional Fig. 7. Regional Land Fig. 8. Regional Land Fig. 9. Regional
Elevation map, Cover map, derived Use map, derived from Vegetation map,
derived from Global from Global mapping Global mapping derived from Global
mapping mapping

The Marksovsky district is an area of intensive agricultural production. Most people in the
region are working in the agricultural sector (fig. 8). Arable lands are covering 195,400 ha
of the Marksovsky District. The crops constitute of a round 50% cereals, 1% vegetables and
potato es, 20% technical plants and 20% forage.The number of livestock in the Marksovsky
district is 32,300 heads, of which 13,000 cows, 26,600 pigs, 15,800 sheep and 276000
birds.

Fig. 9. Field at Marksovsky District

Water resources are pivotal for the agricul ture in this region. The region has ample water
resources. The average long term river flow from sources located within the Saratov

Regi onds bs®48 kne/yeare Bstimated resources of underground water use are
1,98 km®/year. However, the Volgariver has multiple uses, like for hydropower

generation, irrigation, navigation and fishery. Therefore water resources should be
managed in an adequate manner, taking in to account all water users as well as the ecology
of the river system.
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Every irrigated h ectare of land in Markovsky District gives about 40 - 45 centers of forage.
Around 75% of the forage yield is provided by irrigated agriculture. However, irrigated

lands requires financial expenditures for repairing and exploitation of pumping stations,
canals and other structures. The main cause of the decreasing area for irrigation is the bad
condition of structures and ageing of the irrigation network. The main canals and
distribution network of irrigation system are in exploitation ~ for more than 30 years, but
these structures already finished their resources. There is a need for quite a big financial
support to repair or replace these structures. As these structures belong to state, the
financial problem is imposed on governmental services.

There are three main types of land users in study area: on collective farms, small farms
and owners of personal subsidiary plots. Most families living in rural area s have their own
personal subsidiary plots, where they are growing vegetables for their own use and for
selling on the small rural markets.

Collective farms generally have a machinery park, which for the entire district consists of
915 tractors, from the se 377 for plugging; 214 cereal harvester; 35 forage harvesters; 289
plows; 491 sowers, and 325 cultivat ors. Professional training sessions are provided for the
workers at this type of farms and in 2006 around 1500 workers received such professional
training.

The number of small farms and owners of personal subsidiary plots with i ncreased
production is 8000 units. The percentage milk production f or these land users is 51%,and
52%for meat and 45%for eggs.

Agricultural activities in the region are causing degradation of natural resources. Almost
everywhere plugging and intensive grazing in the steppes lead to soil deterioration, partial
salinization of soils and to significant reduction of biodiversity of  the steppes.

Anirrigation system called o Koms omol sky6 was constrthected
Marksovsky District, pumping water from Volga River (fig. 9). However, from the beginning
(1960) this system was designed for the use of industrial irrigation with localized pivotal

type of sprinkler equipment like Valley (for irrigation at once about 50 -70 ha) by agri-
industrial collective farms to produce crop f or farm animal. Actually at the market
conditions in this region there are many farmers looking to diversify agricultural irrigated
production by growing legumes. Unfortunately, the existing irrigation technology and
equipment (water supply canals and huge pivot sprinkler systems with pressured water) is
not compatible with the new mobile irrigat ion method for small plots . Therefore many new
farmers use an old furrow irrigation system (exported from Central Asia) in the fields
located near existing water s upply canals. This irrigation system in the context of local
conditions (soil types and ground water with accumulated salts, etc .) is very dangerous in
terms of soil degradation/salinization as well as erosion. Based onthis tendency of locally
applied irr igation technology we chose our experimental plot at one field used for legume
growing with irrigation by furrow.

The opinions expressed in this report are thos 202 |Study Site Description Russia/Novy
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4. Socio-econom ic description

There are 59 administrative settlements in the Marksovsky District. Total population of this
administrative district is 68 ,500 (48%lives in urban area d Marks town - and 52% in rural
areas). The sex ratio is 47,5% male and 52,5% female. | n urban areas the sex ratio is 46%
male and 54%female, in rural areas there is a slight domination of female population
(45,3% male and 54,7% female). The average population density is 25 persons/km 2.

There are around 58 nationalities living in this area, predominantly Russian (77%)further

Kazakh (7%), Ukrainian (4%), German (3,5%), Tatarian (2,5%)The3 , 5% of ORussi an
Germansdé can be e xAdoalamator by iCathetine thet Seaond (queen of

Russia) of open immigration for foreigners wishin g to live in the Russian Empire, dated July

22, 1763, marked the beginning of presence for Germans in the Empire. German colonies in

the Lower Volga River area were founded almost immediately afterwards. German

immigration was motivated in part by religiou s intolerance and warfare in central Europe

as well as by frequent economic difficult ies.

Most people in rural areas are working in agricultural production (collective farms,

individual farmer s, process industry). Most families are owners of personal subsi diary plots.
These plots provide them vegetables for their own use. The majority of the families have
cattle (cows, pigs, and sheep) and birds (chickens, ducks) to improve their livelihood.

Degradation of land affects people & sncome by decreasing food production (yields become
lower and lands become abandoned due to salinization). The young generation is leaving
rural areas due to | ow quality of life and the chances to find more income in the urban
area. Lack of information about sustainable land manageme nt, climate instabilit y and
weak institutional as well as financial support from the government are making life for
people in this region difficult.

5. Institutional and political setting

The Land Committee and Department of Hydrogeology, and the Land Reclamation of
Saratov Region are the official state institution s which are dealing with land and water
resources in the region. They are monitoring the conditions of the land, private land
ownership and other related actions like remediation of lands.

Training facilities or informative sessions for local farmers at the Novy study site are not
available. Professional training in collective farms is available; the main goal of these
sessionsis to inform workers about modern techniques to increase yield s.

6. Releva nt end -users / stakeholder groups (at all levels)
- Administration of Saratov Region.

- Administration of Marksovsky municipal district

- Department of Hydrogeology and Land Reclamation

- Collective farms

- Small farm holders.

- Holders of personal subsidiary plots.
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7. Past and on -going projects

Water Reuse Project (2005-2009). This project focuses on the use of (partially purified)
industrial waste water in agricultural areas, without affecting soil physical properties, soll
nutrient and organic matter contentin a n egative way. An important focus is also the
efficient use of water by preventing water repellency to occur. Another important point is
the cooperation of the local community in the project; local support is important but also
involvement and exchange of ex perience plays a major role in the succeeding of the
project.
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Study Site description 0 Boteti/Botswana

1. Responsible IP partner
University of Botswana, Partner 20

Prepared by (in alphabetical order): J.R. Atlhopheng, R. Chanda, W. Mphinyane and R.J.
Sebao

2. General Information

The Boteti site is situated in the Central District of Botswana, a sparsely populated, semi -

arid country located in Southern Africa (Figure 1) . Boteti is the smallest sub -district

(34,956 sg km) in the Central District which is the | argest administrative region in

Botswana (146,531 sg km). Within Boteti, the focus of DESIRE is on the villages of Rakops

and Mopipi-Mokoboxane (Figure 2) with an estimated combined area of 3,000 sq km. The

site lies between coordinates 24 °-25° East and 2003 0-Z1°1 56 Sout h. However, pil
remediation projects will focus on the Mopipi -Mokoboxane area (Figure 3), covering about

400 square kilometers.

Main reasons for selecting this site/region

This site was the focus of &Iotergowvemmentdls 1993 case
Convention to Combat Desertification (INCD). It was picked then because it was one of the

areas identified as oO0Odesertificationd hotspots i
GLASOD map as an area of extreme human induced wind €osion (Gov. of Botswana, 1994).

The Boteti area has consequently been one of foc
and, between 2002 and 2007, was one of the sites for the Indigenous Vegetation Project

(IVP), a five-year Botswana GovernmentGEFfunde d pi | ot pr oj ecdrivehor O c om
rehabilitation of degraded rangelandsdé which cou
zones of Africadé (I VP flyer). DE S| R@oing effortg x pect ed

which are all in line with the recent ly adopted National Action Programme to Combat
Desertification (Department of Environmental Affairs, 2006, Botswana National Action
Programme to Combat Desertification).

Participating local partner institutions

The Ministry of Environment, Wildlife and To urism through the Department of Crop
Production and Forestry is the National Focal Point for the CCD, and have thus been
involved in all the efforts indicated above (1.1). The Kalahari Conservation Society (KCS)
(one of the leading NGOs in the country) is involved in conservation projects in the study
area. Both these institutions have expressed support for DESIRE.

Main languages
The main languages spoken in the area are Setswana, Sekalaka and English.

The opinios expressed in this report are thos: 206 |Study Site Description  Botswana/Boteti
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Figure 1: Botswana & its location in Southern Africa
Source: Botswana National Atlas
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Figure 2: Map of the Boteti Sub -District showing the location of Mopipi, Rakops and other
settlements along the Boteti River. (R. Sebego)
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Figure 3: The Mopipi -Mokoboxane study area (R. Sebego)

3. Bio-physical description
Major natural resources available in the study site area
3.1.1. Geology

The study area is a dominated by plains, as it is part of the Makgadikgadi basin. The basin
originated as a craton when the fault system created the depression. This granitic craton
(the Zimb abwe-Kalahari axis) is capped by Archaean metasediments and the Karoo
sequence. This depression was then subsequently infilled by Kalahari Group sediments 9
mainly the duricrusts (calcretes and silcretes) and lacustrine deposits as well as the sands.
The climate in the past was wetter; hence the area had a mega -lake system whose
desiccation has left several shorelines in the area, one of which is the Gidikwe sand ridge.
It is this former lake bed which is now a plain.
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3.1.2. Soils and terrain

The soils in the study area could be classified as Luvisols (mainly found in the plains or
lacustrine system); the Arenosols (the former shorelines like Gidikwe) and the Fluvisols
which are mainly along the river course coarse/floodplains of the Boteti River. The plains
zone is typified by several pans of varying sizes dand these have varying salt levels; hence
calcic, sodic and saline soils e.g. solonchaks, have been identified in the area. The
lacustrine (pan dominated and plains) area has sparse grass vegetation and itis t his area
which tends to be dominated by the windy dry season erosion. It is the finer particles of
clay and silt, in the extensive bare areas which are most prone to the dust erosion. Some
of the source regions, other than pans and bare plains, are cattle tracks. These tracks are
made by cattle as they move from the grazing areas (mainly the ridge area) to the water
points e.g. the river, wells and boreholes which are located within the plains. However not
all the places are dominated by wind erosion e.g.t he ridges, northern and eastern plains
are all well covered with vegetation, mainly grass but may even include shrubs and trees.
The western plains and areas with boreholes and wells (livestock trampling and grazing)
are the main wind erosion zones. Some of the resultant wind erosion leads to coppice
mounds or nebkhas dwhich are sand dunes which accumulate around bushes (vegetative
barriers). Typically, wind speeds in the area range between 7 -8km/hr, but some gusts
reaching 40km/hr have been reported. Fluvial erosionFluvial erosion is limited to pan
margins as little scarps as well as some portions of the Boteti River where the banks retain
a certain height above the river bed. Thus the fluvial erosion is predominantly localised 9
and does not cover the bre adth of the extensive plains or the sand ridges.

3.1.3. Climate

The climate is semi-arid and the rains are concentrated in the summer season (October to
April), following the typical Botswana rainfall pattern. . The average rainfall is about
350mm/yr and has a variability of about 38%. The rains tend to fall as intense short spells
e.g. for a few hours and occasionally a few days. The interludes are normally sunny spells.
The rate of evapotranspiration for the area is taken to fall within the Botswana average of
2000mm/yr. The temperatures range between 25 -30°C, butand higher temperatures up to
40°C have has been experienced, especially in summer months of the drought years. The
cool winter temperatures are 15 -20°C, during the day, but at night occasional frost doe s
occur as temperatures may drop much lower.

The drought cycle in the area is estimated at 10 -18 years recurrence interval. It is this
cyclical drought, which leads to a decline in biomass production, with consequent
overgrazing as the stocking rate would exceed the range capacity. This is the poverty trap
for most inhabitants .

3.1.4. Vegetation

The vegetation in the study area (both Rakops and Mopipi areas of the Boteti area) is a

tree savannah which occupies the riparian zone peripheral to the length of the Bot eti

river River. Shrub savannah is prevalent in the plains area. The southern parts of the

western and eastern plains are grass savannah. Tree savannah consists of deciduous trees
greater than one metre in height comprising open (5 815%), moderate (15 d50%) and dense
(>50%) crown cover. Typical in the area is the prevalence of Acacia erioloba, A. tortilis , A.
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mellifera , Boscia albitrunca. Islands of Hyphaene palms are common, as well as Adansonia
digitata (Baobab) trees, either solitary or in clumps.

Shrub savannah is predominantly multiple stemmed and may branch below 1.0 m with
moderate to dense crown cover with the ground usually covered by grass. Grewia flava,
Rhus spp Rhygosium bravispinosumexemplify the shrub species in the area.

2 ,.. 3‘ KY2s

s

» > ,-“‘ R M 3 d-. y e -
Figure 4: Typical grassland savannah far Figure 5: Patchy grasslan due to
from grazing pressure (J.R. Atlhopheng) pans or overgrazing (J.R. At lhopheng)
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Grass savanna consists of grasses of varying densities within which the trees and shrubs
cover less than 5%. The herbaceous cover density and richness tend to increase with
distance away from the village or the river. Cynodon dactylon dominate the zone around 8
- 10 km from the village. Beyond this zone, palatable grasses include Anthephora
pubescence Digitaria eriantha and Schemidtia pappophoroides occur. The Makgadikgadi
lacustrine system is mainly covered by grasslands with halophytic species, of which
Odyssea pauinervis is dominant.

Panicum coloratum var. Makgadikgadiensis and Cenchrus ciliaris also form a major part of
the grass association. Particular features are sparse savannahgrassland and high
proportion of bare ground (68 880%) (Plates 1 & 2).

Existing p ractices on land and resource uses

3.1.5. Land use

Settlement and agriculture

The study site is located within tribal land where land administration including allocation

for different uses is the responsibility of the Ngwato Land Board. Tribal land in Botswanai s
communally owned hence its use is also communal except where individuals or groups of
people have been granted exclusive rights to use a particular piece of land. In Botswana
villages and settlements are classified into Primary, Secondary, and Tertiary centers
(Government of Botswana, 1998). Tertiary centers are further classified into Tertiary I, II,

[ll, and IV. Table 1 shows the threshold of the different sub categories.
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Table 1: Settlement Hierarchy in Botswana

Settlement Type
Primary
Secondary
Tertiary |
Tertiary Il
Tertiary llI

Tertiary IV
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Population

20000 and above

10000-19999

5000-9999

1000-999

5000-999

250-499

The study site and all the settlements surrounding it are basically rural where basic

ce station, tribal administration centre (known

as the Kgotla) and private business holdings. But for Mopipi itself, there has been some
infrastructural developments that have seen it grow into a primary  centercentre due to its
proximity to the Orapa diamo nd mining town.

facilities may include a school, clinic, poli

Grazing: this category can be -divided further into sub uses:

Village Communal grazing: within the periphery of the settlements, livestock grazing takes
the form of an unmanaged/uncontrolled resource whereby all animals are allowed to str  ay
in all directions in search of pasture. Control of livestock is seasonal where cattle may be
herded during the crop growing season and left loose in the dry season and to utilize the

crop residue as well.

Cattle posts: the tradition in most parts of Bo tswana is that livestock are kept away from
villages where the land is exclusively used for livestock, mainly cattle. The areas are
strategically placed to avoid conflict with other land uses such as crop production. Cattle
posts are located in areas of ab undant fodder as well as available water supply for the
livestock. But since most of the cattle posts are located out in the open areas within the

sandveld, provision

of

water is only by dri

s y st e mo, famnérs anlg leave water rights granted by the Department of Water Affairs
but no exclusive rights are granted on the grazing resources.

Fenced farms: often farmers apply for exclusive rights to use a piece of land. This may be
in the form of a privately owned farm or a lease hold farm. In Boteti a block of leasehold
farms are located south of Mopipi. These farms were allocated under the Tribal Grazing
Land Policy of (1975) and the revised/new Agricultural Policy of 1991 (Fencing component)
whose aim was to primarily reduce grazing pressure from the communal areas, improve
grazing management and increase livestock off -take (through sales) and thereby potential
improving livelihoods of the majority of Botswana who by nature are pastoralists.

211 |Study Site Description  Botswana/Boteti
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Cultivation: Areas designated for arable agriculture (locally known as Masimo). Arable
areas are normally found or located in the periphery of the villages, but in some instances
they are quite some distance (e.g. 20 -50km) away. Although Mopipi is basically on the
sandveld and largely unsuitable for arable agriculture, there are some pockets of suitable
soils, especially along the flood plains and river channels. Residents have traditionally
farmed the flood plains of the Boteti river River which gets its water from the sea sonal
over-flows of the Okavango delta. Flood recession agriculture, locally known as molapo
farming is practiced ( Figure 6). This is a system where farmers take advantage of the
moisture on the flood plains after the floods have receded. The system of far ming has
however been constrained by the drying up of the Boteti river channel.

Figure 6: Google map showing the main river channel and location of Molapo farming plots. (R.
Sebego)

Cultivation is not only limited to molapo farming; fields are locate  d upland on the sand
plains and are dependent mostly on rainfall. This is the dry land farming technique.

The three major land use types (settlements, cattle posts and cultivation) are referred to
as the tripartite system referring to the fact that differe  nt dwelling sites are kept by
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individual families in order to effectively optimize the different activities that are
important for their livelihoods.

Veld products: these are wild growing resources that people have traditionally gathered

for consumption, medicinal, and construction purposes. A variety of wild fruits and berries

is edible and has been used as food supplements. Examples include Grewia flava, G.

retinervis , Ximenia Americana, Vangueria infausta and mopane worm. A widely used

medicinal plantof t he dr y Kal ah ar Harpagophytumeproduembens). 6 s cl aw (
Many other grass species are used as thatching grass e.g.Eragrostis pallens, Stipagrostis

uniplumis, Hyparrheniaand Hyparrhenia filipendula.

3.1.6. Infrastructure

Mopipi is accessible by tarred highway that connects it to major centers like Maun, Orapa
and Letlhakane. All these centers have a very good road network linking them to other
major centers in the country. Access to cattle posts and other smaller settlements is in
some cases through gravel roads or some motorable navigable tracks. Telecommunications
for Mopipi is through the Botswana Telecommunication Corporation network as well as the
independent Cellular phone Network providers which have a relatively good and reliable
communication system.

3.1.7. Wildlife Conservation areas

Because the study site borders the Central Kalahari Game Reserve to the west and the
Makgadikgadi Pan Game Reserve and the Ntwetwe Wildlife Management area to the north,
it is naturally endowed with a diverse variety of w ildlife. The area also lies on what has
historically been a wildlife migration route to the northern wetlands of the Okavango and
Chobe.

Existing practices on water resources

As already indicated above, some Molapo farming (recessional or floodplain arabl e
agriculture) is practised along the river floodplains after the floods have receded. The
moisture content is better and the soils are more fertile than on the surrounding ridges and
plains. There is presently no irrigation agriculture in the Boteti area,  nor are the prospects
for the future promising.

Livestock production benefits from water available from the river (seasonally) and shallow
wells. The introduction of boreholes reduced the dependence on the river and nearby wells
on the part of the rich fa rmers. As a result, large cattle owners dominate the remoter,
good quality rangelands while the more humerous smaller herds are kept around the
congested river, resulting in range degradation. A disadvantage is the poor groundwater
prospects and high salinity.

Existing uses of Forest resources

The forest resources offer several benefits, which include timber for building houses and
fencing; veld products like fruits, medicine and firewood; habitat for various wildlife;
windshields or breaks in this predomin antly plains area is an ecotone characteristic of the
area (the Mopanewoodland). The study area has a wide variety of veld products which are
collected. These include wild fruits, nuts, berries, melons, honey, tubers and vegetable
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leaves used as medicine. Plant products also include thatching grass, poles and branch
fences. Gathering of veld -products is important because the area has a low population
density, so these resources are still relatively abundant.

The vegetation resource in the Boteti area has a lways been relatively abundant but is
suffering from decline, mainly due to heavy resource use pressure. Resource use and over -
use is typically determined by the resources potential on the one hand, and on the other
hand on the number of resource users, th e scale of their resource exploitation activity.

The major systems of resource use in the study area are listed below (3.5).

3.2. Land tenure and administration
Land tenure in Botswana is divided into three categories namely:

Tribal land : land that historicall y belongs to a particular tribe. Land administration was
traditionally (before setting up of land boards) done by the chiefs. They had all the
authority to deal with matters relating to the allocation and use of the land. Hence all
their subjects plus thos e coming from outside the tribes had to make a request for any
particular use of land to the chief. It was after the establishment of the Land Boards in
1970, that all tribal land in the country was entrusted to the Land Boards.

State land: land belonging to the state (formally Crown Land under the British
Protectorate). State land is further divided into two categories.

i) Urban centers: all towns and cities in the country fall under state land. Land
acquisition under this category is through the Ministry of Lands. Once one acquires a plot
by buying it, then they are given a lease that would normally run for 99 years.

ii) Conservation areas. These can be divided into game reserves, national parks and
forest reserves. Their importance is that of conservation of f lora and fauna. Conservation
areas are not open for use by anybody except for non -consumptive uses like tourism, e.g.
photographic safaris or game viewing.

Freehold land: this is land that is held under private title. It is land that belongs to
individuals or companies who determine its use at any particular time. However any
change of land use from the original requires approval of the Ministry of Lands.

The area has a long history of arable farming, mainly because of the proximity to the river.

Only dry-land farming exists at present because the river is no more flooding in the study

area. Crops are rain-f e d . However, soils are poor. Since the
trend towards the expansion of dry -land farming outside the river channel due to the lack

of river flooding and due to government assistant programmes which promote larger fields

for arable farming.

Weaknesses of existing land use practices

The study area used to be well endowed with a variety of wildlife such as wildebeest,
various antelopes, zebras and predators. However, wildlife populations have rapidly
declined in recent years especially outside the game reserves. Rapid decline of wildlife is
caused by factors such as: serious droughts, reduced flooding of the river, increased
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huntin g of wildlife and increased competition with human activities, especially livestock
production, some of which reduce the wildlife migratory possibilities. Particularly
significant in this regard is the creation of animal disease control fences which have
effectively curtailed migration between the dry south and wetter north. Wildlife utilization
(e.g. hunting, tourism) is significant as the Boteti River is located between two Game
Reserves, and the study area is on an important migration route for wildlife.  Therefore,
competition for river water between wildlife and livestock intensifies during droughts.

Equally challenging are the declines in biomass production during the cyclical droughts. It
is worth noting that a semi -arid environment has a variable car rying capacity for livestock.
When the rains are good and the vegetative reproduction is very high, the stocking rate
typically increases with the good good veld or range. It is when droughts set in, that the
original livestock starts to overgraze the rang e, leading to land degradation. Thus the
degradation issue is two-pronged: the onset of droughts coupled with high stocking rates
which are not adjusted by the farmers to match with changing climatic factors.

Major degradation issues due to the use of natu ral resources

The study area is experiencing shrinkage in the natural resources base as seen in changes
in vegetation, limitation in arable land and reduction in wildlife, concomitant with

expanding human and livestock populations. Groundwater is also limi ted both in terms of
quality and quantity, and increased use can thus not be sustained. Present drought
conditions create the impression of severe resource decline. The spatial expansion of the
resource collection zone around the villages such as for firew ood is also observed.

The physical causes of range degradation are:

Prevailing drought conditions, which affect the vegetation vigour.
Decline of the ground water table, affecting the vegetation growth
Veld fires, natural or man -induced

Erosion, especially wind erosion

= =4 -4 —a -

The nature of the rangelands and their productive potential (the interaction between
cyclical climatic factors and biotic/vegetative production  &ausing reduction in
biomass production).

On the other side, the human factors leading to range degradation include:

Increase in number of livestock and human populations
The expansion of dry-land cultivation into rangelands
Market constraints, not easy to sell cattle and low prices

= =4 -4 -

Poor management of communal rangelands

4. Socio -economic description
Population density and structure

The Boteti area is sparsely populated, with a population density estimated at about 1
person per square kilometer kilometre. The gender structure is slightly lopsided in favour of
women (51% to 49%). However, there is much intra-regional variation. For instance, for
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Mopipi village the ratio is 59.8% women to 40.2% men. The age structure is skewed in
favour of the population below 15 years which accounts for about 40% both at the sub -
district level and at the study village leve I.

Level of education

The study area has a high proportion of adults above the age of 20 who have never been to
school, with significantly more illiterate women than men. For instance, in Mopipi 41% of
women compared to 34% of men in this age bracket had never been to school (Republic of
Botswana, 2004).

Sources of income and key livelihood supports

Like in most other rural regions of Botswana, there are limited formal employment
opportunities in Boteti. For example, in Mopipi only about 17% of the working age
population was in formal employment in 2001, compared to 22% whose source of income
was agriculture and the environment. According to the 2001 census, the majority of

families in Boteti depend on the combination of old -age pension, rent, employment and
maintenance as the principal income source. For example, in Mopipi and Rakops the
proportions of families dependent on this combination were 72% and 83%, respectively.
Considering the limited formal employment opportunities just noted, it could be conclud  ed
that the majority of the population in Boteti is now dependent on social welfare benefits.
Cash and inkind remittances are also a significant source of income and livelihood in the
area, benefiting between 15 and 32% of the households in Mopipi, Rakops and Mokoboxane
villages in 2001 (Republic of Botswana, 2004). Firewood is presently the principal source of
domestic energy in Boteti. In 2001, firewood was the main fuel for cooking for about 67%

of the families in Boteti.

Subsistence agropastoralism isa traditional and still valued livelihood activity. Livestock
graze on communal pastures while arable agriculture is rain -fed. It is believed that the
carrying capacity for livestock (especially cattle) has been exceeded. As noted above
molapo (or flood re cession) farming along the Boteti used to be the most preferred type of
mixed cropping agriculture in the area. The Boteti River has had no floods since the 1980s.

Impacts of land degradation on the livelihood of people

The study area is squeezed between two game reserves. Recently, large chunks of land
have been hived off from communal rangeland area to create private leasehold ranches.
The net effect of this situation is to reduce the amount of land available for free ranging
livestock and arable farming , resulting in overstocking, overgrazing and livestock -arable
production land use conflicts. This, in combination with adverse physical environmental
(especially climatic) factors, accounts for the low productivity of agropastoralism in the
area. Game reserves and ranches have also reduced the area from which to collect bush
(veld) products for household functions (Government of Botswana, 2003). Overgrazing,
indiscriminate cutting of trees for construction, firewood and fencing, as well as livestock
trampli ng of the soil and the relatively high seasonal winds account for the dust storms
frequently experienced in the area ( Figure 7).
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Figure 7: Dust pollution in Boteti (J.R. Atlhopheng)

Major challenges of existing land resource management

The major land res ource management challenges include:

f

How to control overstocking and overgrazing in the communal grazing zone that has
shrunk over the years and given the strong traditional attachment to livestock
production

How to reduce over dependence on biomass for domestic energy supply

How to convince the people that human activities are as important as physical factors
in driving land degradation.

Major drivers of main land degradation processes

The main drivers of land degradation in Boteti include the following (s ee also section 3.7
above):

f

The dominant perception among the local population that the climate has become
drier and that the land degradation noted above is largely due to the severe droughts
and the assumed climate desiccation (Chanda, 1996). Correcting this perception is
one of the major challenges for the implementation of sustainable
remediation/rehabilitation measures. People need to appreciate the significant role
human activities play in land degradation

1  The frequent severe droughts and declining wa ter table

i  Policies that promote livestock production through subsidies

1 Overstocking compounded by the difficulty of selling livestock to the Botswana Meat
Commission

1  The extension of arable farming to dry land areas following the protracted failure
floods in the Boteti which previously supported molapo farming
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1  The prevailing open access regime on communal land following the demise of the
traditional common property management regime

5. Institutional and legislative setting

Botswana has a fairly large body of legislation and humber of institutions concerned with,
or with a bearing on, environmental protection. This legislation and these institutions have
not had the expected impact, largely because of lack of coordinated action and
implementation capacity. The National Focal Point for the CCD is in the Ministry of
Environment, Wildlife and Tourism, which is also charged with the implementation of the
National Action Programme to Combat Desertification. The Government of Botswana has
taken steps in the direction of coordinated action by adopting a National Conservation
Strategy under which two institutions were created, namely, a 17 -member National
Conservation Strategy Advisory Board and the Department of Environmental Affairs.
Through these institutions the Min istry of Environment, Wildlife and Tourism is expected to
coordinate the activities of the various environment and natural resources institutions of
the government. An Environmental Impact Assessment Act was enacted by parliament
recently and an overarchin g environmental management Act is in the process of
enactment. With these legal instruments the coordinating functions of the Ministry will be
legitimized by the force of law.

As noted earlier, the administration and management of communal land in Botswana is the
responsibility of Land Boards which replaced traditional institutions in this regard following
the enactment of the Tribal Land Act in 1968. The Land Boards were given powers to grant
and revoke rights to tribal land for various purposes. They coul d also impose restrictions on
the use of tribal land. Unfortunately, they have so far not been able to invoke their land
management/protection powers.

Also relevant to Boteti are the Wildlife Conservation and National Parks Act No. 28/1992,
Agricultural R esources Conservation Act, Cap 35:06, CBNRM policy (2006), 1975 Tribal
Grazing Land Policy, Services to Livestock Owners in Communal Areas (SLOCA970),
Livestock Water Development Programme (1988).

The Wildlife Conservation and National Parks Act was desgned to protect and conserve

the countryodés wildlife resources. The Acto6s main
protect wildlife resources. The Act established zones with different degrees of wildlife
protection:

91 Protected areas for wildlife conservati on (National Parks and Game Reserves)
where hunting is prohibited:;

1 Wildlife conservation and utilization areas such as Wildlife Management Areas
(WMA), where sustainable wildlife utilization takes priority over other forms of
land use

1 Controlled Hunting Ar eas (CHAS), in which hunting is regulated in most parts of
the country.
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Communal areas like the Boteti study site are in CHAs but wildlife has since retreated to
wildlife sanctuaries. Staff of the Department of Wildlife (which is charged with the
implement ation of the Act) is represented in the study area.

The Agricultural Resources Conservation Act was enacted to conserve agricultural
resources (practically all veld products) in Botswana. The Act established the Agricultural
Resources Board (ARB) as the istitution charged with the implementation of its
provisions. The ARB also advises the responsible Minister on the nature of legislation
necessary to secure or promote the proper conservation, use and improvement of
agricultural resources.

The Community-based Natural Resource Management (CBNRMPolicy was adopted as a
development approach that incorporates conservation of natural resources i.e.
management and protection of the natural resource base and cultural resources. The
objective of the policy is to cr eate a foundation for conservation -based development, in
which the need to protect biodiversity is balanced with the need to improve rural
livelihoods and reduce poverty. The people of Mopipi and Mokoboxane have formed a
CBNRM Trust and developed an envirmmental management plan to take advantage of the
provisions of this policy. The plan has, however, not been implemented due to lack of
funds and the absence of a viable wildlife resource (wildlife -based tourism has been the
basis of most successful CBNRM ipjects in Botswana).

The objectives of the 1975 Tribal Grazing Land Policy (TGLP) were to:
91 Increase output and productivity of livestock;

9 Curb overgrazing and conserve range resources upon which the livestock sub-
sector depends;

1 Spread the benefits of the livestock industry to as many people as possible
especially the resource poor farmers; and

1 Upgrade rural livelihoods by improving cattle farmer incomes.

This policy resulted in the creation of fenced leasehold ranches for individuals or groups
of individu als (syndicates) in communal rangelands of the country. In 1991, a provision in
the revised agricultural policy extended the opportunity to own leasehold ranches to

areas not covered by the TGLP. The study area has leasehold ranches demarcated under
the 1991 policy. However, countrywide reviews of TGLP ranches have not revealed
significant improvements in range management or livestock productivity or incomes.

The Services to Livestock Owners in Communal Areas (SLOCA)nstrument was adopted to
offer small gr ants (less than P 15 000) to farmers in communal areas to enable them to
develop their livestock support assets. Areas of support include: dipping facilities, drift
fences, water sources, firebreaks, fodder production and cattle crushes/kraals.
Furthermore, demonstration facilities show farmers how to improve livestock
management. Fodder and vaccinations are also included in the scheme. SLOCA mostly
benefits those with fewer than forty heads of cattle, and therefore impacts mostly on
poorer livestock farmer s.
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Their richer counterparts are provided for under the Livestock Water Development
Programme (1988) which gives significant financial support for drilling or equipping of
boreholes in selected areas for individual farmers or syndicates with herds of 60t 0 500
animals.

6. Relevant end -users / stakeholder groups (at all levels)
These include:

- The Kalahari Conservation Society (KCS- an environmental NGO),

- The Ministry of Agriculture

- Ministry of Environment, Wildlife and Tourism (implementers of the UNCCD)

- The Ministry of Local Government (charged with local development)

- The Ministry of Lands & Housing (charged with land administration)

- Extension staff for agriculture

- Extension staff for wildlife

- The SubLand Board in Boteti

- The Boteti Sub-District Council

- Tribal Administration (the Chiefs and Kgotla dtribal assembly)

- CBOs (e.g. Village Development Committees and the Mokopi Conservation Trust in
Mopipi)

- Community members (land users)

7. Past and on -going projects

The comprehensive INCD case study alluded to atbve was done over 14 years ago. No study
of similar magnitude has been done to assess changes that have taken place since then.
The case study recommended a number of interventions to alleviate poverty, protect and
rehabilitate the degraded environment. Th e feasibility of these recommended actions was
never assessed and there is no information as to which of these were actually

implemented. Recommended actions included:

a) Community-based ecotourism
b) Game farming
c) Beekeeping
d) Community-based veld-product utilizat ion and management
e) Pasture grass farming using harvested rain water
f) Research into:
9 Resource use productivity and trends
9 Indigenous environmental knowledge
1 Feasibility of various alternative and better adapted livelihood sources (a -e above)
9 Effective commun ity mobilization strategies
Q) Monitoring of:
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1 Livestock and wildlife numbers and distribution

1 Climate change

1 Biodiversity changes due to overgrazing

9 Groundwater water levels and quality

1 Impacts of resource degradation on human welfare
1 Rangeland condition

Another relevant project is the Indigenous Vegetation Project (IVP) whose aim was to
promote biodiversity conservation and rehabilitation of degraded land as a means to both
environmental protection and the sustainability of livelihoods dependent on ecosystem
health. IVP ended in June 2007 shortly after facilitating the formation of a conservation
Trust and the development of an Environmental Management Plan.
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Study Site description dKelaigou / China

1. Responsible IP partner

2. General information
Location map / Google Earth kml -file

The Yanhe River, originating from Baiyu Mountains, Jingbian County, Shaanxi Province, is

a first class branch of Yell oillIBRR2% eE. anhl 36 ARGBc a
37A17t N (sketch map 1). The average channel sl op
7,678 km2. The study site lies in a hilly gullied area of the Loess Plateau, with a highly

dissected landform.
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Photo 1: The Ganguyi Hydrology Station
From: www.hwswj.gov.cn

The opinions expressed in this report are thos 222 |Study Site Description  China/Kelaigou
of the DESIRE Project consortium and do r
necessarily reflect the views of the Europee
Commission.



‘(4"“"

i

DES ' RIE

www.desire-project.eu

-
a2

) ﬂ_ﬁr Y

Map 1: Location of the Yanhe River Basin

Photo 2: The Muddy flow of Yanhe River
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Dryland farming is the dominating land use, and the vegetation is secondary forest in the
southern part and forest -grass in the northern part. The pop ulation in the area is 637.234
in 1990 and 681.403 in 1999.

The area of Ganguyi Hydrology Station, located in the Ganguyi Town, Baota Country,
Yandan Ci t y? inclsdingaof Bngbian Gomty (256 km 2), Zhidan County (708 km?),
Ansai County (2,699 km?) and Baota County (2,228 km?).

Main reasons for selecting this site/region

The natural condition of Yanhe River Basin is poor. It is situated in an arid to semi -arid
region, with low precipitation and major rainfall (about 70%) in the summer and early
autumn as heavy storms.

The soil erosion is very severe in the Yanhe River Basin amounts to 4829.20 km?, about
62.90% of the whole basin. The average annual runoff is 0.22 billion m 3, and the runoff
modulus accounting for 4,776.36 m *km ?jyr. The average annual sediment flow is 4.776
million tons, and the sediment flow modulus accoun ting for 8,100 t/km %yr. The coarse
sediment (> 0.05 mm particle size) flow modulus is 2,430 t/km ?/yr at the Ganguyi
Hydrology Station. The gully density (the length of channel /km 2 amounts to 2.1 to 4.6
km/km 2.

The high soil erosion rates lower the fertility of the land and also greatly decrease the
available soil water thus inducing lower yield of grain and biomass.

The sediment concentration of Yanhe River is very high (Phot o 2). The data from Yanhe
hydrology Station shows that the mean sediment concentration is 227,227 kg/m 3, and the
highest one was 1300 kg/m® recorded in June 1963. The sediment would silt in the
reservoirs and riverbed of the down stream.

Main language(s):

Chinese

3. Bio-physical description
Major natural resources available in the study site area

The geology in the Yanhe River Basin is fairly simple (Sketch map 2). Most of the area is
covered by Quaternary Loess (O2). From the head to the mouth of the river, the geological
layers of the surface are from sandy and muddy rock (N of Tertiary and K1 of Cretaceous
Period), Jurassic sandy rock and coal layer (J2) and sandy rock, muddy rock, coal layer and
oil shale of Trias (T3).

The main soils in the Yanhe River basin are Mian Soil and Heilu Soil (local names). The Mian
soil is distributed on slopes, terraces, alluvial land and table land. The profile has no clear
difference. The Heilu soil is in the broken plateau area with clear layers. The soils here are
easy to cultivate.
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Map 2 DEM of Yanhe River Basin Map 3: Annual precipitation map

It is in the semi -arid North Temperate Zone with an average annual precipitation var ying
from 500 to 550 mm (Map 2), and an average annual air temperature ranging from 8.5 to
11.4°C, frost-free period is 180 190 days. The main vegetation systems include cropland,
dam-land, paddy field, man -planting arbor forest, shrub, cash trees, orchards and
grassland (Photo 3).
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Existing pra ctices on land and resource uses

The main land use practices include arable farming, cash crops, grass planting and

vegetables. The main crops are winter wheat, maize, millet, buckwheat, potato, many

kinds of beans like soybean and mungbean, rape, tobacco and so on (Photo 4 and 5). Since

the i mplementation of o0Grain for Green Policyo i
land have been converted into forest and grassland. The local farmers could get annual

subsidies, such as cash and cereals, from the central government. In the meantime, the

grazing outside was forbidden in the whole area. The terraces, dam land and alluvial land

are the main cereal production areas. The oil crops and cash crops in Yanhe River Basin are

very limited because the exchange is not active all the time.

Existing practices on water resources

The irrigation in Yanhe River Basin is very limited because the growth period of crops is in

the flood season and the cost of irrigation is very high. In the last ten years, some new

practices of water saving irrigation, such as drip irrigation in orchards have been

introduced. There are some reservoirs in the bas
County, Shengl: Reservoir and Sunt ai Reservoir i
city. Due to severe soil loss and siltation by sediments, the capacity of the reservoirs is

decreasing about 1.3% to 3.3% annually. Climate change causes a great decrease in

available water resources. Compared to the average in 1960s, the annual precipitat ion in

the 1970s, 1980s and 1990s in the basin, has respectively decreased by 10.5%, 11.7% and

14.0% and the annual water yield in the basin has consequently decreased by 14.1%, 13.1%

and 21.4%. It is a great challenge to combat the occurring droughts.

Existing uses of Forest resources

Most of the forest resources are ecological use in the Yanhe River Basin. Forests occupy
66,242 ha, accounting for 8.63% of the area. The areas of planted arbour forest, shrub and
cash trees are 119,864, 90,874 and 40,915 ha respectively, accounting for 15.61%, 11.84%
and 5.33% of the area respectively. The forest is found in the southern part of the basin
with thin topsoil. The species of secondary forest are Sophora and Chinese pine. Locally,

the forestis located invalle y s , with more soil moi stur e. Af ter
Policy6, more and more f or esSomewthergoligestant ed on st
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protect forests, such as the Natural Forest Protection Project, have also played a great
role in the sustainable fore st development.

Strengths of existing land use practices

Soil and water conservation could decrease soil erosion and runoff and improve soil
properties. The crop yields from terraces and dam land are much higher and stable than
that of the sloping cropland . The yields from terraced land, dam land and paddy fields are
1752 kg/ha, 5181 kg/ha and 6060 kg/ha respectively.

Weaknesses of existing land use practices

The most unsustainable practice in the Yanhe River Basin is the forest that could consume
the soil moisture fast. There are many old and small trees in the Loess Plateau. The
productivity of forest is very low but the effective soil moisture is nearly used up. It is

quite difficult to judge how to improve the vegetation.

Dry land farming on sloping | and could increase the soil loss, but many local farmers would
like to use it for the extra yield if there is enough rainfall. Although the Grain for Green
Policy has already changed many sloping croplands into forest and grassland, the sloping
land is still widely cultivated without subsidies.

The use of plastic film could contribute to the increase of yields and incomes, but thicker
film that could be recycled and re -used it is too expensive in the Yanhe River Basin. Thin
plastic film has proven to destr oy the soil structure.

Major degradation issues due to the use of natural resources

The major degradation issue in the Yanhe River Basin is soil erosion that not only threatens
soil fertility but also pollutes the rivers.

The sediment silts up the reserv oirs and the riverbed. To flush 1 ton of the sediment into
the sea, 60 m® water is needed from the Yellow River. It will make the water shortage
worse.

4. Socio -economic description
Population density and structure

The average population density in the Yanhe River Basin is 71.4 capita per km?% The
population density in Jingbian, Ansai, Baota, Yanchang and Zhidan County is 45.5, 51.9,
118.3, 62.6 and 29.9 capita per km ? respectively.

Level and source(s) of income main stakeholder groups

The average income of local farmers 465, 1044, 1270 and 1277 RMB Yuan per capita in

1990, 1995, 2000 and 2002 respectively in Baota County. More and more income of farmers
is coming from sub-industry and service, such as transportation, construction, business.

The average income is 225 RMB Yuan, 786 RMB Yuan, 855 RMB Yuan and 987 RMB Yuan in
1990, 1995, 2000 and 2002 respectively.
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The income of local farmers is very low from the land. In Baota County, the net income
increased slowly from 703 RMB Yuan per capita in 1993 to 1640 RMB Yuan per capita
(Figure 1).
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800.0 —
600.0 —
400.0 —
200.0 —
0.0

Average income(RMB Yuar
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Year
Figure 1: N et Income change ot Baota County

Major livelihood supports available from the resource base listed above

The average annual cereal consumption is 599 kg per capita in the Yanhe River Basin. The
consumption divided per county is 505, 632, 608, 520 and 730 599 kg per capita in
Jingbian, Ansai, Baota, Yanchang and Zhidan County respectively.

Impacts of land degradation on the livelihood of people

Land degradation leads to lower and unstable yields and lower incomes. The people that
have the least high quality cropland are most affected by the land degradation.

Major challenges of existing land resource management

The first challenge is how to improve the yields on gentle slopes, terraces and alluvial
land. The second one is how to make more money from forest a nd grassland. In social
contact, if taking the soil and water conservation as a kind of job or contribution more
than an obligation that reduce the risk of flood, the continuous subsidy from the
government or the lower reaches of the Yellow River is anothe r challenge.

Major drivers of main land degradation processes

Global change is the major drive force. The lack of money to measure and combat
degradation is another driver.

5. Institutional and political setting
Existing institutions involved in natural r  esource management and desertification
i The Office for Soil and Water Conservation in the Yanhe River Basin, and its
branches in Ansai and Baota County

1 Environment Monitoring Center for Soil and Water Conservation of Yellow River
Basin

9 Institute of Sand -Cortrol of Shaanxi
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Existing civil societies ( CS)and traditional organisations

There are different societies of fruit growers, vegetable growers and so on. The function of
these societies is very weak because they have no power to manage the production and
price.

Existing laws and policies for land and water resource management

There are many laws and policies for land and water resource management in China, such
as the Law of Land Administration of the PRC and its Regulations, Law of the PRC on water
and soil conservation, on prevention and control of desertification, on grassland, on flood
control, on agriculture, on forest, on water, and so on. The most important policy is
Regulations on Conversion of Farmland to Forests (Adopted at the 66th Executive Meeti ng
of the State Council on December 6, 2002, promulgated by Decree No. 367 of the State
Council of the PRC on December 14, 2002, and effective as of January 20, 2003).

In the Law of Land Administration of the PRC, there are detailed requirements on natural
resources protection. For example:

1 In Article 9: Land owned by the State and land collectively owned by peasants may be
allocated to be used by organizations or individuals according to law. Organizations or
individuals using land shall be responsible fo r the protection, management and a
rational use of the land.

T Article 19: General plans for land use should be mapped out according to the following
principles: protect and improve the ecological environment to ensure a sustainable use
of land.

9 Article 34: The State fosters the system of protecting the basic farmland. The following
cultivated land shall be demarcated as basic farmland protection areas and subject to
stringent control according to the general plans for the utilization of land: cultivated
land with good water conservancy and water and soil conservation facilities and
medium-and low-yielding land where the execution of amelioration plans is in progress
or medium-and low-yielding land that is transformable.

1 Article 35: People's governments at al | levels shall adopt measures to maintain and
protect irrigation and drainage facilities, ameliorate the soil to raise its fertility and
prevent desertification, salinization, water loss and soil erosion and pollution.

1 Article 74: When cultivated land is o ccupied to build kilns or graves or build houses, dig
sand, collect stones, do mining or collect soil from the cultivated land without
authorization, thus damaging the conditions for growing crops or causing desertification
and salinization due to land dev elopment in violation of this law, the land
administrative departments of the people's governments at and above the county level
shall order correction or improvement within a prescribed time limit and concurrently
impose a fine. Whereas the case constitut es a crime, criminal responsibility shall be
affixed.

In the Law of The PRC on Water and Soil Conservation, all units and individuals shall have
the obligation to protect water and soil resources, prevent and control soil erosion, and
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also have the right t o report against a unit or individual that damages water and soil
resources and causes soil erosion (Article 3). Reclamation of hillsides with a slope of over
25 degrees for cultivation of crops shall be prohibited. The people's governments of
provinces, autonomous regions and municipalities directly under the Central Government
may, in line with the actual conditions of the areas under their respective jurisdiction,
prescribe a reclamation -forbidden slope of below 25 degrees (Article 14). Water and soil
conservation measures must be adopted to prevent soil erosion when preparations for
afforestation, tending of young growth, and cultivation of commaodity trees such as oil  -tea
camellia and tung tree are done on hillsides with a slope of above 5 degrees (Artic le 17).

In Regulations on Conversion of Famland to Forests, Article 15:t he following farmland

shall be covered by planning for conversion of farmland to forests, and be converted to

forests in a planned manner according to the ecological development requ irements and the
Stateds financial resources: (1) | and seriously
seriously affected by sandy desertification, salinization or rocky desertification; and (3)

land of ecological importance but with low and unstabl e grain yield.

6. Relevant end -users / stakeholder groups (at all levels)
Govt. /. /Project staff

- The Office for Soil and Water Conservation in the Yanhe River Basin, and its
branches in Ansai and Baota County

- Environment Monitoring Center for Soil and Water Conservation of Yellow River
Basin

- Institute of Sand -Control of Shaanxi

Public administration
- agriculture

- forestry

- land

- water

- livestock

- environment

Research Centres and Universities
- Institute of soil and water conservation, CAS

- Northwest A&F University

Schools
- Some primary and middle school for environment protection education
Land users
- Local farmers
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Study Site description - Cointzio Watershed, Michoacan /
Mexico

1. Responsible IP partner:
Institut de Recherche pour le Déve loppement (IRD, France) Partner 22

Manuel Mendoza, UNAMCIGA, Mexico
Christian Prat, IRD-LTHE, France
Daniel Gonzalez, UNAMCIGA, Mexico

2. General information
Location (coordinates) + map

The Cointzio watershed is | owodh ednile tlWeld)il 05RW2I3 6
1 0 1 UvBedt.dlt covers a surface of 650 km? and corresponds to the south western part of
the Cuitzeo lake watershed of 4 000 km 2.

e

y -

' CUENCA DEL LAGO DE CUITZEO

GUANAJUATO

NS T |
N CUENCA DEL LAGO DE COINTZIO

Picture 1: Location of the study site

Size (km2): 640 km?
Main reasons for selecting this site/region

Mexico is a country with severe erosion problems. According to the methodology used
(CONAGUASEMARNAT, 2006/SEMARNALDlegio de Postgraduados, 2003), 44 to 64% of the
country presents problems of soil degradation, with 12 to 37% being due to water erosion,
10 to 15% to wind erosion and 23 to 12% to bio-physico-chemical degradation. 42% of the
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soils have lost 25% to 75% of its surface layer (Anaya, 1989). The topographic
characteristics and rain intensity in the country constitute a high risk of erosion (Zufiiga et
al., 1993), especially on hillside land. 61% of the area dedicated to annual crops in the
country is located on slopes greater than 4%. With 2 millions of ha affected by severe
erosion, Michoacén is the Mexican state which represents the major soil erosion area of all
the country. According to SEMARNArColegio de Postgraduados (2003), more than 53% of
the state territory is affected by erosion, at various degrees (Table 1).
Table 1: Surface occupied by land degradation process in Mexico and Michoacan (SEMARNAT
compendio e estadis ticas locales, 2009)
Area Light Moderate Severe Extreme Total Light Moder. Severe Extreme Total
Land degradation process |km?2 km2 kmz2 km2 kmz2 km? % % % % %
Physical MEXICO [1959248 67207 23341 5872 11959 10837834 12 03 06 5,5
Michoacan | 58 667 648 62 87 219 1016 1,1 0,1 0,1 0,4 1,7
Chemical MEXICO |1959248 187142 147174 5584 526 340426 (9,6 7,5 0,3 0,0 17,4
Michoacéan 58 667 9478 3666 0 0 13144 (16,2 6,2 00 00 22,4
wind erosion MEXICO |1959248 53436 120861 6828 123 181249 (2,7 6,2 03 00 9,3
Michoacén 58667 ~ 1745 90 0 0 1835 (30 0.2 00 00 3,1
Water erosion MEXICO |1959248 128228 90264 8381 385 227257(6,5 4,6 04 00 11,6
Michoacan | 58 667 12418 2813 121 0 15352 (21,2 4,8 0,2 0,0 26,2
The watershed of Cointzio i s more or less formed by a small plain surrounded by
mountains. The outflow of the basin is controlled by a dam, built 70 years ago, which
created a lake used for irrigation and drinking water for Morelia, state capital of
Michoacan. This watershed corresponds to the upper part of the Cuitzeo lake, the second
biggest lake in Mexico, and provides an important quantity of water for this lake.
The Cointzio basin is very representative of the

well as the main part of t he altiplano of the Transmexican Volcanic Belt (200 000 km?) in
terms of landscape, climate, soils (mainly Regosols, Andosols, Cambisols, Acrisols and
Vertisols), vegetation and land use. The land degradation in terms of presence, causes,
process, due to soil erosion, deforestation, overgrazing, etc. is also very representative of
this area.

Another consequence of erosion is the siltation of lakes and reservoirs. Moreover,
sediments can adsorb contaminating or eutrophic substances, reducing water quality e ven
more. In the watershed of the Cointzio reservoir, just 10 km from Morelia, the land
degradation has also a direct effect on the water quantity and quality. 30% of the drinking
water comes from this lake and probably the main part of the groundwater too . So, as an
important source of water for the capital, this area is strategic for water supply.

Due to the federal and national laws on water, climate, agriculture, etc, programs have
been developed to reduce land degradation and promote sustainable devel opment. These
give us a political legitimation to work in this area, as well as possibilities to easily find
stakeholders supports and funds.
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The proximity of the capital of Michoacan state help us to reduce the cost of
transportation and give ustheopport uni ty to use our gauged water sl
watershedo6 for students of the Universities sett
administrations and institutions. On the other hand, In Morelia there are a lot of historical

documents in the water -related local institutions about the water quantity and quality;

these documents are crucial for the understanding of real problems, and how

representative our work during the last decades has been.

The main part of the DESIRE teams work in Cuitzeo basin sihce more a decade and have a
good knowledge of the region, and good relations with the different kind of stakeholders

(far mer s, citizens, administration, politicsé) a
dynamics. So this will be very useful for the suc cess of DESIRE work in the Cointzio
watershed.

Participating local partner institutions

Universidad Nacional Automona de México (UNAM), Centro de Investigaciones en Geografia
Ambiental (CIGA), Morelia, Michoacan http://www.ciga.unam.mx

Universidad Naciond Autémona de México (UNAM), Centro de Investigaciones en
Ecosistemas (CIEco), Morelia, Michoacan http://www.oikos.unam.mx

Universidad Michoacana San Nicolas de Hidalgo, Facultad de Biologia, Morelia, Michoacan
http://www .umich.mx

Universidad Michoacana San Nicolas de Hidalgo, Instituto de Investigaciones Metallrgicas,
Morelia, Michoacan http://www.umich.mx

Colegio de Postgraduados, laboratorio de Fertilidad de suelos, Texcoco, Estado de México.
http://www.colpos.mx

Universidad Auténoma de Chapingo (UACh) Centro Regional Universitario Centro
Occidente (CRUCO), Morelia, Michoacan http://www.cruco.org

Secretaria del Medio ambiente y Recursos Naturales (SEMARNAT)
http://www.semarnat.gob.mx

Secretaria de Agricultura, Ganaderi a, Desarrollo Rural, Pesca y Alimentacion (SAGARPA)
http://www.sagarpa.gob.mx

Comision Nacional del Agua (CONAGUA) Morelia, Michoacan http://www.cna.gob.mx
Comision Nacional Forestal (CONAFOR) Morelia, Michoacan http://www.conafor.gob.mx

Comisién de Cuencadel Lago de Cuitzeo. Cuitzeo, Michoacan (CCLC) and Comision de
Cuenca del Lago de Patzcuaro, Patzcuaro, Michoacan (CCLP)

Organismo Operador de Agua Potable, Alcantarillado y Saneamiento de Morelia (OOAPAS)
Morelia, Michoacén http://www.ooapas.gob.mx

Municipalities of Morelia, Lagunilla, Acuitzio del Canje, Huiramba

Main language(s): Spanish
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Picture 2: Land use and land cover distribution in Cointzio watershed in 2000 (Mendoza el al.,
2007)

Picture 3: Cointzio dam with the lake in

dry season (C. Prat 2005 )

Picture 4: Atecuaro landscape with Acrisol strongly eroded and dividing corn fields (C. Prat
2004 and 2008)
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Picture 5: I n some case (here Potrerillos) wherctufffise soi l i
appearing. Due to its physical and chemical properties nothing can grow naturally (C. Prat 2007

and 2009)

Picture 6: New avocado plantations on upper part of the watershed, with drip irrigation,
Atecuaro (C. Prat, 2008) dPine resin extraction, Atecuaro ( C. Prat, 2004) lllegal deforestation
(pines), Atecuaro (C. Prat, 2007).

Picture 7 (left) : Traditional mixed culture (corn zucchini
bean) fields on Acrisols on piedmont, El pedregal (C.
Prat, 2008) o Drainage channel in the plain (C. Prat,
2008)

Picture 8 (below) : Cattle grazing a corn field let in
fallow, during the dry season (C. Prat, 2007) Herbicide
application in intensive corn production on plains (C.
Prat, 2007)
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