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1. Background
1.1. General context
This document summarizes the methodological approach to be implemented in the pilot case
study of Tunisia within the framework of the study “Patterns of vulnerability in the agriculture
and water sector in the southern region of Tunisia” as part of the project “Climate Impacts:
Global and Regional Adaptation Support Platform” known as (CI:GRASP). This project is
carried out by the Institute of the Arid Regions (Institut des Régions Arides – IRA) in
collaboration with Potsdam Institute for Climate Impact Research (PIK) (Potsdam, Germany),
the German Technical Agency (GTZ) (Tunisia/Germany) and funded by the German Federal
Ministry for Environmental Protection, Nature Conservation and Nuclear Safety (BMU). It
aims at providing a solid base of information on the stimuli of the climate, climatic impacts,
the vulnerabilities, and adaptation capacities as a response of the society. The contents take
into account the needs for the target groups (decision makers, institutions, NGOs). In the
Tunisian context, a national strategy of adaptation of the agricultural sector to the CC was
already elaborated. The objective of the project is to undertake a case study on models of
vulnerability (prototypes) and impacts of the CC on the agriculture and the water sectors at
the national level and in the areas of the southern region of Tunisia. At the national level, the
study will analyze and exploit the already existing results of climatic projections and the
recommendations for the adaptation to the CC of the agriculture and the water sector in
order to identify the models mentioned of vulnerability. These models will be specified and
detailed according to the specific situation of the areas in the southern region of Tunisia. The
overall results of the case study will be used as input to Ci: GRASP project.
1.2. Ci:grasp framework
Ci:grasp is a joint project of GTZ and Potsdam Institute for Climate Impact Research (PIK),
funded by the German Federal Ministry for Environmental Protection, Nature Conservation
and Nuclear Safety (BMU). It aims to provide a sound information basis on climate stimuli,
climate impacts, vulnerabilities, and response options in selected threshold countries on an
open, web-based platform. The content pays due consideration to target groups’ needs (e.g.
decision makers, institutions, NGOs). Ci:grasp decidedly uses the vast opportunities of web
2.0 and digital earth platforms (e.g. Google Earth) to move a step forward towards
comparable regional impacts and vulnerabilities, and transferable response options.
By providing high quality climate change information the project helps countries to close an
information gap that constrains effective adaptation. Through providing capacity development
on the use and interpretation of the climate change information decision makers are enabled
to make direct use of the platform (Figure 1). In addition to this, the platform can also provide
important inputs into national processes on adaptation to climate change like e.g. national
adaptation strategies, National Communications to the UNFCCC, etc. Furthermore, the
project fosters cooperation on state of the art on impact and vulnerability research and helps
national institutes to link up with international networks. Finally, the project is expected to be
an innovative example for demonstrating how information technology can support
development.
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Figure 1: Ci:grasp partner countries (left) and web page (right) (http://www.ci-grasp.org/).
In the Tunisian context, a national adaptation strategy in the agricultural sector is already in
place. Next steps foreseen in the context of the implementation process is to make the
strategy/plan operational at the level of the governorates. In such endeavour impact, more
detailed analyses than at the national level will be necessary as an input into the
development of adaptation measures.
1.3. Climate Change in the international and Tunisian context
Recent scientific research has concluded that the increased atmospheric concentration of
greenhouse gases will have significant impacts on the Earth’s climate in the coming
decades. Assuming no emission control policies, the Intergovernmental Panel on Climate
Change (IPCC) predicts that average global surface temperatures will increase by 2.8ºC on
average during this century (Zhai and Zhuang, 2009 ). Climate change could impact natural
resources and thereafter the socio-economic situation will be affected. Developing countries
are expected to suffer more from the effects of global warming, reflecting their disadvantaged
geographic location, greater agricultural share in their economies, and limited ability to adapt
to climate change.
Climate change impact in the world is becoming a daily concern especially in developing
countries being hardly affected by its impacts. Decision makers need sound information in
such times of threatening changes to react adequately. The required information mainly
concerns climate models, and assessments on climate change effects for regional and local
level. But also options and experiences on adaptation are needed.
Tunisia is among the poorest water countries (450 m3/capita/year) and the most vulnerable to
climate change effects. In fact, the climate projections, based on the HADCM3 model,
applied to the Tunisian case study show a rise in the temperature of 1.1°C by 2030, and
2.1°C in 2050. The rainfall will decrease between 10% in the North and 30% for the South
the same period. The South of the country is much more concerned (with temperature
increases of 1.6°C). The predicted changes in temperatures and rainfall patterns and their
associated impacts on water availability (groundwater will decrease by 28 %) and soil
degradation are the most challenges to face (MARH, 2007) (cf. Appendix 2).
The exceptional drought period, which occurred in Tunisia between 1999 and 2001,
accelerated government interest to develop a national strategy to adapt Tunisian agriculture
and ecosystems to climate change.
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1.3. Objective of the study
This program aims at conducting a case study on patterns of vulnerability (archetypes) and
impacts of climate change on the agricultural and water sector in the Southern region of
Tunisia. At national level the case study will analyse and make use of the already existing
results of the climate projections and recommendations for adaptation in the agricultural and
water sector in order to identify the mentioned patterns of vulnerability. Those patterns will be
specified and detailed, according the specific situation in the Southern region. The overall
results of the case study will serve as input to the ci:grasp project. In the Southern region of
Tunisia these patterns will be “ground truthed” / validated and enriched through concrete and
specific characteristics of the region and by integrating multi-dimensional impact studies.
1.4. Main steps of the study
The case study will be conducted in two phases:
Phase I
The following activities and steps would be carried out:
1. Identify which climate scenarios exist (at national and regional level) and on which
models those scenarios are based on. Provide results from already undertaken
downscaling (grid size 50x50) to feed into layer 1 of ci:grasp. For this PIK will provide
the necessary information on data formats, etc.
2. Identify a limited number (3-5) of typical patterns (archetypes) of vulnerability (to
climate change and climate change variability) and adverse impacts in the key
agriculture and water sectors. Compare the patterns deducted from previous studies
at the national level with those developed based also on primary data at the
governorate level and develop suggestions on how to deduct and develop archetypes
in a way that will limit differences and incoherencies between national and local
levels. The patterns describe how typical man -environment interactions in the
specific sector look like and how these patterns are related to other possible patterns.
In other words these patterns are typical mechanisms, which could be at least
conceptionally described. The assessment of such a typical pattern, e.g. in
agriculture, could be possible by indicating subcomponents by adequate variables,
e.g., inputs used, labour force, supply prices of agricultural yields, etc.
3. Develop in cooperation with PIK from the existing analyses and data, national level
impact maps that reflect the typical patterns identified.
4. Describe the selected archetypes including the expected impact of climate change
and provide for each archetype influence diagrams of relevant variables.
5. Identify and describe a set of indicators, which is capable of serving as proxies to the
variables to quantify a given/defined archetype and its internal dynamics. Not only
physical indicators, but also socio-economic indicators are of relevance in this
context. Both, quantitative and qualitative indicators will need to be considered.
6. List possible data sources for the indicators and means of access to the data.
Phase II
7. Organize a multidisciplinary stakeholder workshop to discuss and validate the
identified patterns and data needs & availability. The workshop will be conducted in
cooperation with GTZ and PIK as well as Tunisian institutions preparing additional
case studies.
8. Readjustment of the identified archetypes on the base of information obtained in the
workshop. This translates to re-processing steps 1-4 of phase I.
9. Empirically validate up to three patterns from the national and regional (Southern
region) levels for each sector on the basis of detailed field studies, to be determined
after the workshop.
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10. Retrieve data, which has been identified as relevant and useful within the workshop
and during the field studies.
11. Hold close contact with PIK and GTZ in order to adapt the tasks, steps and timeline
described above, depending on and according to lessons learned in the course of
research under ci:grasp in Tunisia or other pilot countries.
2. Key concepts and archetype identification
2.1. Key concepts
Kelly and Adger (2000) define vulnerability as “the ability or inability of individuals or social
groupings to respond to, in the sense of cope with, recover from or adapt to, any external
stress placed on their livelihoods and well-being.” According to IPCC (2000), vulnerability is
the degree to which a system is susceptible to, or unable to cope with, adverse effects of
climate change, including climate variability and extremes. Vulnerability is a function of the
character, magnitude and rate of climate change and variation to which a system is exposed,
its sensitivity, and its adaptive capacity. Sensitivity is the degree to which a system is
affected, either adversely or beneficially, by climate-related stimuli.
Climate-related stimuli encompass all the elements of climate change, including mean
climate characteristics, climate variability, and the frequency and magnitude of extremes.
The effect may be direct (e.g., a change in crop yield in response to a change in the mean,
range or variability of temperature) or indirect (e.g., damages caused by an increase in the
frequency of coastal flooding due to sea-level rise).
Adaptive capacity is the ability of a system to adjust to climate change, including climate
variability and extremes, to moderate potential damages, to take advantage of opportunities,
or to cope with the consequences (IPCC, 2000). In defining the adaptive capacity, several
datasets combined from biophysics, socio-economic and technological factors influencing
agricultural productions are considered (O’Brien et al. 2004).
The methodology selected for this case is that of “archetype approach”. This approach is an
intermediate approach connecting local and global conditions under unequivocal relationship.
It was inspired from “syndrome approach” that is used to analyze non-sustainable pattern of
interactions between human and environment and the dynamics behind them (Lüdeke et al.,
2004; Petschel-Held et al., 1999). It permits to study links between factors in a particular
sector influenced by multiple stressors (Figure 2).
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Figure 2. General diagram of the vulnerability of a given system to climate change
2.2. Archetype identification and selection
During the 7-8 January 2010 workshop held at PIK, a brainstorming among teams from PIK,
GTZ and IRA was conducted. As a result, 6 major archetypes were identified and discussed:
Rainfed agriculture, Livestock, Natural resources, Water, Sea level rise, Tourism & Health.
Then, some combinations and grouping have been proposed as follow: [Rainfed agriculture,
Livestock, Water] [Rainfed agriculture, Water, Tourism]; [Water, Health.]; [Water, Sea level
rise, Tourism]
From these single or combined archetypes, it was decided to focus on one much more
specific issue which combines agriculture sector and water.
The criteria for choosing the archetype are:
- Relevance and importance for decision makers, national strategies, local
socioeconomic conditions ;
- Diversity of vulnerably patterns ;
- Availability and access to data (statistics.);
- Feasibility, etc.
Based on this set of criteria one archetype was identified and then discussed and approved:
“What is the Climate Change impact on olive production sector in the governorate of
Médenine?”
The spatial extension to the whole region of the south and/or the study of other interesting
archetypes could be planned in later stage. The selection of possible archetypes could be
also discussed in the frame of the stakeholder’s workshop to be organized at IRA in the
beginning of March 2010.
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3. Methodological approach
3.1. The approach development process
The methodological approach was developed on the basis of a process of mutual discussion
and consultation between IRA, PIK and GTZ teams through various steps, particularly:
First step: An informal quick-off meeting was held at PUK in June 2009. This workshop
served to clarify the methodology, to develop a common understanding of Ci:grasp approach
and to start elaborating the planning.
Second step: the IRA’s team performed the following activities:
Relevant research publications and relevant web sites: some relevant research publications
have been gathered mainly the studies carried out in Tunisia in the field of climate change
and scientific publication on vulnerability assessment.
Drafting of a bibliographical synthesis based on the main studies on CC adaptation carried
out in Tunisia: a draft document has been elaborated based on the most important studies
carried out in Tunisia, such as:
o Etude de la stratégie nationale d’adaptation de l’agriculture tunisienne et des
écosystèmes aux changements climatiques, COPA consultants & ExA Consult
Tunisie. (2007)
o Etude de la vulnérabilité environnementale et socio-économique du littoral tunisien
face à une élévation accélérée du niveau de la mer due aux changements
climatiques et de l’identification d’une stratégie d’adaptation, rapport de synthèse.
Version définitive, 57p.
o Etude de la stratégie d'adaptation du secteur touristique, Etude de cas de l'île de
Djerba, Juin 2009, 20p. ONTT/GTZ., 2009.
Then a draft report was produced "M. Sghaier & M. Ouessar, A. Ouled Belgacem, H. Khatteli
H. & Taamallah, 2009. Synthèse des stratégies d’adaptation de l’agriculture tunisienne, des
écosystèmes, du littoral et du secteur touristique aux changements climatiques, 43 pages".
Socio economical and environmental Data Base: an environmental socio economical and
climate data base has been collected which could be used later by different models. The
main components and contents of this data base are presented on different scales: national,
regional (6 governorates of the south of Tunisia (Gafsa, Tozeur, Gabès, Kébili, Médenine et
Tataouine)). The themes are: climate data base, socio economical data base, natural
resources : water, soils, ecological data base, infrastructure, etc.
CC models exploration: the national strategy of adaptation of the agriculture sector to CC
(MARH, 2007) adopted the HadCM3 model. The average A2 and B2 scenarios were
selected to perform projections for the short (year 2030) and long term (year 2050) time
steps. It uses also grids of 0.5° × 0.5° spatial resolution, which is 55 km × 55 km pixels. The
output is a prediction of monthly precipitation and temperature for each pixel.
Third step: Another workshop was organized at PIK on 7-8 January 2010 to review the state
of progress and to define a roadmap for subsequent stages.
3.2. Possible pre-analysis of impact chain, case of olive production sector
Referring to the general diagram presented in Figure 2, a pre-analysis of vulnerability pattern
related to climate change known as “impact chains” is shown in Figure 3. In order to define
biophysics and socioeconomics indicators, it is important to consider their link with the most
important climate stimuli associated with the selected archetype patterns in current situation.
The following section describes briefly the outline of our approach in defining patterns of
vulnerability in the agriculture and water sector. Vulnerability approach links between factors
in a particular sector influenced by multiple stressors, as implemented by O’brien et al.
(2004).
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Figure 3. Climate – related patterns of vulnerability: impact chains.
The framework shown in Figure 4 is made of four main components. The first identifies the
type of climate stimulus being selected for the study and regional climate model to generate
the climate stimulus. The second component identifies indicators being used to represent
the coping range of the system (vulnerability of the sector). The third component is to
understanding relationship between climate impact and vulnerability which is needed for
assessing current climate risk. The fourth component is to assess future change of climate
stimuli and vulnerability under different scenarios or interventions which are needed for
assessing future climate risk (Figure 4).

	
  

8	
  

	
  

Possible	
  pre-‐analysis	
  of	
  impact	
  chain	
  ,	
  case	
  of	
  olives	
  oil sectors
GTZ	
  Counties
TUNISIA

Sub-‐Region
qGovernorate	
  of	
  
Medenine :	
  
9	
  Delegations	
  
(counties)	
  of	
  
Medenine

Climate	
  Stimulus
qTemperature	
  rise
q Decrease	
  rain	
  frequency
qIncrease	
  seasonal	
  
variability	
  (water	
  availability	
  
per	
  season),
qRainfall	
  Extremes

Input	
  area

Recommended	
  adaptations
-‐Diversification	
   of	
  income	
  sources
(decrease	
  dependency	
   on	
  one	
  sector)
-‐Adapted	
  crop	
  system	
  management	
  (olive	
   trees	
  
varieties,	
  	
  
-‐Change	
  techniques	
   WSC,	
  supplemental	
  
irrigation,	
  ploughing
-‐Change	
  orientation	
   activities,	
  
-‐Subsidizing	
   suitable	
  systems	
   (located	
   	
  in	
  
appropriate	
  naturals	
  conditions,	
  

Exposed	
  Unit
Olive	
  oil	
  sector	
  in	
  the	
  
Governorate	
  of	
  Medenine
Society	
  (Stakeholders)
qNational	
  Institution	
   (OO,	
  
MEDD,	
  MARH)
qRegional	
  Institution	
   (CRDA,	
  
ODS,	
  CRD,	
  CLDs,	
  IRA,	
  IO)
qFarmers,	
  triturating	
  factories,	
  
qLocal	
  organization,	
   NGO,	
  
GDA,	
  	
  UTAP

Direct	
  impact

qChange	
  in	
  yield	
  and	
  
productivity
qChange	
  of	
  production
qChange	
  of	
  quality
qChange	
  of	
  cultivated	
  area
qChange	
  of	
  suitable	
  area

Actors	
  (Stakeholders)
qNational	
  Institution	
  (OO,	
  MEDD,	
  MARH)
qRegional	
  Institution	
  (CRDA,	
  CRD,	
  CLDs,	
  IO,	
  IRA)
qFarmers,	
  triturating	
  factories,	
  
qLocal	
  organizations,	
  NGO,	
  GDA,	
  	
  UTAP
Instruments
qInstitutional/legal
qFinancial	
  (subsidies,	
  credits,	
  
qCommunication/information	
  (Dialogs,	
  etc.)
qCapacities	
  building
Effects
qFarmers	
  	
  (Income,	
  Social	
  well	
  being,)	
  
qLocal	
  organizations,	
  NGO,	
  GDA,	
  	
  UTAP	
  (More	
  
involvement,	
  roles,)
qState	
  (Sector	
  development,	
  economic	
  stabilization,	
  
sustainable	
  development	
  ,	
  Social	
  conflicts	
  reduction)

Risk	
  assessment
e.g.	
  Derive	
  vulnerability	
  	
  

Indirect	
  impact

qDecrease	
  of	
  Farmer	
  
income
qDecrease	
  of	
  olive	
  tree	
  
farmers	
  and	
  decrease	
  of	
  
workers
qMigration
qFarming	
  system	
  
changes
qChange	
  on	
  
competitivity

Output

Figure 4. A pre-analysis of impact chains for the Tunisian case study
The following sections present the suggested approach for each component.
3.3. Unit of exposure: Olive production sector in the governorate of Médenine (Cf.
Appendix 1)
3.3.1. General characteristics of the Médenine Governorate
“Exposure relates to the degree of climate stress upon a particular unit of analysis; it may as
either long term changes in climate conditions; or by changes in climate variability, including
the magnitude and frequency of extreme events “(O’Brien et al., 2004).
The methodology approach allows us to assess differential vulnerability for the olive
production sector in the governorate of Médenine. This methodology “stresses” the diversity
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of situation at local level in terms of vulnerability with a sub national unit (governorate of
Médenine) concerning the same sector (olive production sector).
The governorate of Médenine is located in the south east of the country and covers an area
of 8588 km2 (Figure 5). In winter, the temperature ranges between 7.5 and 18.5°C while in
summer it is situated between 22.5 and 36°C. The average annual precipitation is 150 to 200
mm. The population of the Medenine governorate increased from 220,123 inhabitants in
1975 to 432,503 inhabitants in 2004 (INS, 2005). The annual population growth rate,
declining since the seventies, it rose by 3.3% during the decade 1972-81 to 2.7% during the
1982-91 decade, actually this rate is almost 1.2% (MEDD, 2006 ).

Figure 5. Map of administrative divisions of the governorate of Médenine.
3.3.2. Olive sector characterization in the Governorate of Medenine
Tunisia is the most important olive oil producer country of the Southern Mediterranean basin.
More than 30 % of its arable lands are devoted to olive crop since it covers about 1.7 million
ha comprising about 70 millions olive trees in 2008. The olive-growing sector occupies a
strategic place in the Tunisian economy. Tunisia occupies the second world rank for the
production of olive oil after the European Union, with a mean production of about 165 000
tons of olive oil, more than 6% of the world production. The sector plays one of the most
significant roles in the social and economic life of the country and supposes almost 15 % of
the total value of the final agricultural production. The international trade of the olive oil
represents 50 % of the total agricultural exports, 5.5 % of total exports and constitutes the
fifth source of currencies of the country. The olive oil sector concerns, directly or indirectly,
more than one million people and provides 34 million working days per year, which is
equivalent to more than 20 % of the agricultural employment. Moreover, it contributes largely
to the regional balance since it is often the only viable crop in the least favoured areas. It
allows fixing the populations in sites suffering from the negative impact from the rural
migration. This sector represents an important social dimension since it constitutes a source
of income for more than one million people including 309 thousand farmers, about 60% of
the active farmers.
In the Governorate of Medenine, the plantations of olive-trees include approximately 50 % of
the olive crop surface of the Southern of Tunisia. The olive forest of the governorate of
Medenine counts 3 955 000 olive-trees on an area of 173 000 ha. The majority is planted
under rainfed condition. Therefore, in addition to the fluctuation of the olive production from
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one year to another in relation to its biological phenomenon of alternation of the olive-tree, it
is highly variable due to the extremely random climatic conditions. The governorate of
Medenine as compared to the other governorates ensures a contribution of 62 % and 8.73%
respectively of the production of the south and the country olive oil. In the area of Medenine,
it is in Zarzis, coastal area, that the olive oil sector presents a real economic dimension.
According to estimates' of the farmers of the governorate, about 10% of the olive forest was
seriously touched by drought mainly in the Ghrabet area between Medenine and Zarzis.
These plantations require pulling up and replanting or regeneration by severe pruning.
3.4. Climate stimuli (Cf. Appendix 2)
We will use the outcomes of the national strategy (MARH, 2007). In fact, after analyzing the
temperature records for the last five decades, King and Nasr (2007) distinguished two
periods: 1950 to 1975 and 1976 and 2004. If the first period was characterized by a
stabilization or slight cooling, the second was marked by an excess of global warming 1 °C in
some regions. The period 1976-2004 is also characterized by a stronger temperature
variability and a larger number of absolute extremes. On the other hand, the analysis of
rainfall records revealed a decrease as well as higher annual average rainfall variability
during the period 1975-2005 than 1950-1974 period.
The variability of the rainfall and hydrometeorologic extreme are a basic characteristic of the
Tunisian climate (Benzarti, 1994; Pagney, 1999). The droughts and floods can reach a
significant magnitude.
For the year 2020, the model predicts a general temperature rising compared to the
reference period (Figure 6).

Figure 6. Average annual temperature rise (°C) of the HadCM3 model (scenario A2) in the
horizons 2020 (left) 2050 (right)
King and Nasr (2007) reported that the selection of a model and scenarios to predict the
evolution of the climate of Tunisia was based the study conducted by Tyndall Centre
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concerning Tunisia (Mitchell, 2003).This study compares the results of four models:
Canadian (CGCM2), Australian (CSIROmk2), American (DOEPCM) and British (Had CM3)
models. A1 and A1F1 extreme scenarios as well as average A2 and B2 scenarios of SRES
have been combined with cited models. These projections show that, at the annual scale,
DOE and CSIRO models give, respectively, the lowest and the highest extreme results.
MAMC and HadCM3 models predict an increase in average temperatures of + 3 ° C by the
year 2080. The model HadCM3 gives the most probable results for Tunisia and it was used
to make projections of temperatures and precipitation in 2030 and 2050. Among the four
A1F1, B1, B2 and B2 scenarios are available, the average scenarios A2 and B2 were
selected to study the variability and the extreme. This choice has been based on the
observed temperature trends in the 1950-2004 period. Note that up to 2050, the four
scenarios offer similar conclusions.
The model HadCM3 uses a grid of 0.5 ° × 0.5 ° (55 km × 55 km).
Projections for the horizons 2020 and 2050
According to scenario A2 three zones can be distinguished.
- In the north, Cape Bon, and Central West where the average temperature increases
relatively low (+ 0.8 ° C).
- The Southwestern area and the far south where rise of temperature is the most
important (+ 1.3 ° C).
- The area from the limit of the Northwest to Southeast (+ 1.0 ° C) temperature rise is
average.
For the seasonal variations, it is expected that the summer temperature would increase
more importantly (+ 0.9 ° C to + 1.6 ° C) than winter (+ 0.7 ° C to + 1.0 ° C) by 2020.
Autumn and spring are intermediate cases with increases respectively of (+ 0.9 ° C to + 1.4 °
C) and (+ 0.6 ° C to + 1.2 ° C).

Figure 7. Decrease (% to reference period) annual average rainfall for HadCM3 model
(scenario A2) in the horizons 2020 (left) and 2050 (right)
The model shows a general trend to precipitation decline. This decrease is moderate by
2020, but increases in the horizon 2050 for scenario B2 (Figure 7). The decrease is 5 % in
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the North, 8 % for the Cap Bon and Northeast and 10 % at the extreme south. By the horizon
2050, the decline in rainfall increases, it varies then from 10 % to 30 % at the southern
extreme Northwest. At the seasonal level, winter would know the lowest decline (0 to -7 %)
while the highest decline will be recorded in summer (-8 to -40% from North to the South).
The fall and spring are intermediate with a decrease of precipitations -6 % to -12 % at the
extreme south.
3.5. Direct impact
During the last decades, Medenine region has experienced different episodes of drought with
durations, intensities and timings varying from one area to another and hence inflicting
different impacts. However, the last drought of 1999 affected most of the areas of the study
region with negative effects on agricultural production and mainly olive production. Therefore,
direct impacts will be analyzed at three level: Agronomic (includes high change in yield and
productivity, reduction of appropriate area, limitation of cultivated area, loss of olive area,
decrease of production, decrease of quality and loss on competitiveness) edaphic (land
degradation) and ecosystem (vegetation cover).
On the agronomic level
• Change yield and productivity: The higher seasonal and annual variability of rainfall
(longer drought spells) would affect the normal physiological development of the tree
and thus its productivity. In fact, severe and prolonged droughts have led to a
considerable decrease of yield and productivity of olive oil. In fact, the yield has
reached its lowest value (only 0.108 tons per hectare in 2001 – 2002 as compared to
that recorded in 1991 -1992 (0.691 t/ha), a rainy year. With climatic changes, yields
may be highly affected by extreme droughts and significant decrease may be
registered if appropriate measures of adaptation would not be taken. However, it is
worth to mention that the exceptional humid years (ounce in 5 to 10 years) would
generate higher harvest because of the higher water availability. This indicator will be
there very useful in evaluation the impact of climatic changes on the olive oil sector.
• Reduction of appropriate area: the accentuation of climate aridity (temperature
increase and rainfall decline) will increase the potential evapotranpiration and, thus,
the water demands, on one hand, and a decrease of the water reserves of the soil
(less infiltrated water and/or less runoff water for water harvesting systems). This
situation will lead to a decline of the planted/suitable areas for olive trees growing.
Frequent extremes as expressed by high degree of soil erosion (runoff in case of
floods and wind in case of severe droughts) may negatively affect the physical and
chemical characteristics of soils. Poor soil may lead to decrease of the appropriate
area to olive tree production. At this stage, a diachronic analysis of the evolution of
the planted areas in the province of Medenine will be conducted for three key periods:
70s, 90s, and present situation (2010). It will allow us to make linkages between the
extension of the olive groves and the climatic parameters (rainfall, temperature), on
one hand, and other socio-economic factors, on the other hand. In addition, those
maps will be compared also to the ‘hypothetical’ suitable map for olive growing in
order to delineate the extensions on marginal lands.
• Limitation of cultivated area, loss of olive area: As it is mentioned above, olive
production in Medenine region was considered as a sign of wealth and the only crop
used in the process of privatization of collective lands. However, the prediction of
decrease in rainfall and increase in temperature will cause low yields and therefore
will not encourage farmers to invest more in cultivating olive trees in unproductive and
marginal lands. Moreover, the important mortality observed in adult olive trees during
the last drought of 1999 – 2002, may lead to an abandonment of some olive fields. All
these factors contribute the loss of the olive area in our study area.
• Change in production: The decrease in olive yield as well as the loss of its area
may lead to high decrease in olive production. Figure 8 shows that even during the
last decade of the twentieth century when the impact of the climatic change was not
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still obvious, the production in the governorate of Medenine is mostly low and very
fluctuating in relation to precipitation. It reached very low values mainly with drought
of 1999-2002.
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Figure 8. Evolution of olive production in the governorate of Medenine (1990-2002)(CRDA,
Medenine)
•

•

Change in quality: According to the lessons learned from the previous years where
the bad climatic conditions which prevailed (high temperatures in September and
drought), "fruit matured before term which may lead to low oil content with very bad
quality (increase of acidity). Therefore, frequent extremes (drought and high
temperature) may affect the normal vegetative and production cycle of the tree and
thus the quality of olives and oil. Change in quality may be a good indicator of
seasonal variability of the climate.
Loss on competitiveness: Low production and with low quality of olive oil may
induce a loss of the competitiveness not only at the international level where the
standards (mainly in the EU) are difficult to reach but also at the national level where
other regions (Sfax and Sahel) may produce much competitive olive oil quality. For
this reason the loss on competitiveness induced by the climatic change may be
retained as an efficient synthetic indicator of the negative impact of this phenomenon
on olive oil sector.

On the edaphic level (soil)
• In the flat areas (plains), the combined effects of frequent ploughing (especially using
poly-discs) of the planted lands is the most used method to preserve soil humidity
(mulching) and reduce water competition, on one side, and the longer drought spells
which will desiccate the soil profiles, would result in higher susceptibility to wind
action (deflation of surface horizons and transportation in some areas and
accumulation (sand dunes) in other areas).
• On the mountains, it is the higher intense rain storms which would cause higher
damages in the upstream areas and flooding in the downstream areas.
On the ecological level (natural vegetation) :
The rangelands ecosystems suffer since some decades from severe degradation due to
deep socioeconomic changes as expressed by the emergence of the agropastoral society
instead of the former pastoral one. Traditional grazing systems (transhumance and
nomadism) which had historically allowed for grazing deferment and control of grazing
livestock were abandoned (Le Floc'h et al., 1999). Almost all rangelands in arid area of
Tunisia (mean annual rainfall less than 200 mm) are now grazed continuously without any
restriction on stocking rate. Such changes have led to rangeland deterioration. The
degradation of soils and the loss of perennial palatable species, mainly grasses, are two of
the direct results driven by the increase of anthropic pressure on arid rangelands of Tunisia
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(Ben Salem et al., 2007; Tarhouni et al., 2007; Ouled Belgacem et al., 2008). Overgrazing is
the main anthropic factor leading to the decline of the perennial plant cover. Its negative
effect is excessive removal of the living parts of the high range value species, which may
lead to their extinction. This factor is being more harmful when coupled with the climatic
aridity effect. In southern Tunisia, drought has become more frequent (Ben Salem et al.,
2007). Such drought is being different from the drought cyclic phenomena known in the
region, and could result from a global climatic warming. It has disturbed the normal
functioning of ecosystems and exacerbated by human activities. Studies on the quantification
of the drought effect on plant cover dynamics are rare (DePauw, 2002).
Covered essentially by sparse steppic plant communities, rangelands of the province of
Medenine are subjected to continuous heavy grazing. In addition, the balance of ecosystems
was disturbed, during the last decades, the frequency and the severity of droughts. The
unpredictability of rains and dry year successions constitute the most prominent features of
the climatic aridity of the region. Our knowledge on this phenomenon, its predictability, its
intensity and its effects are still incomplete.
The drought spells and the extension of olive groves at the expense of the natural vegetation
has led to the reduction of the rangelands area, decline of biodiversity and flora composition.
The sandy soils covered by the steppes of Rhanterium suaveolens are the most attracted by
farmers and the most subjected to cultivation.
It should be noted that a study about the “Evaluation of the vulnerability of the Tunisian
ecosystems to climatic changes” will be achieved by our team (from IRA) in the framework of
an agreement between GTZ, BIK-Frankfurt, Ministry of Environment and Sustainable
Development and the Institut des Régions Arides. The Rhanterium suaveolens was selected
as pilot ecosystem in southern Tunisia.
3.6. Indirect impact
Farm income: agricultural income is highly influenced by the olive oil activity occupies an
important place in olive oil production systems in the governorate of Medenine. Yields
variations will induce changes at the production level and therefore derived revenue olive oil
activity changes. A strong assumption will be taken into consideration is to assume that the
CC (t ° and reduction of rainfall and therefore increase evapotranspiration) will cause some
loss of productivity and therefore income. However, we can also take into account the fact
that price will fit and compensate for the decline in production. Therefore the collapse of
production could reduce the supply and therefore if demand increases or remains constant,
we can expect an increase in prices.
Migration: climate CC may have an indirect impact on movements of populations as a result
of several factors that can decline in main points: worsening weather conditions including
due to the increase in temperatures (warmer climate, extreme most frequent, high thermal
amplitude) may play a factor in youth repulsion. Social well being will suffer a significant
degradation in view of the reduction in farm incomes, production conditions become more
and more difficult (hostile).
Diversification of sources of income: the main forms of adaptation as the diversification of
sources of income including through migration. Demographic data confirm the trend to
increased migration curve (B.K PAL MH) hypothesis strong relating to migration from rural
areas to the coastal zones and cities where the population will grow significantly (positive
migratory balance).
Number of farmers: the most important indirect impact of the prospect CC is the change in
the number of farmers who practices olive tree crop. The decline in agricultural incomes may
encourage farmers to abandon the practice of olive in favors of other agricultural alternative
or non-agricultural activities. The hypothesis that, in medium-term, CC may discourage new
plantations in little appropriate areas and in long term, the abandonment of cultivated
plantations affected by bad climate and natural conditions.
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3.7. Problem complex
As presented in figure 9, the problem to which is subjected the olive production sector in the
study area is very complex. The climatic changes as expressed by the decrease in rainfall,
rise of temperature and the seasonal variability, will affect the whole system compounds
including the olive oil sector. Water resources and soils will be more affected by the overuse
and the applied agricultural systems. These factors will induce a considerable decrease in
cultivated areas and yield and therefore in production in addition to the loss in quality.
Exportation will be reduced which affect negatively the farmer income and globally the trade
balance equilibrium. The severity of the situation will be expressed in the society by the
abandonment of the crop, the increase of the poverty index and probably the migration of the
farmers to urban areas looking for other economic activities. Face to this situation, some
measures would be taken mainly by the policy makers (the national and local institutions) in
order to develop adaptation strategies such as subsidizing cultivation in more suitable lands
and capacity building in term of appropriate agricultural practices.

Figure 9. Semi structured influence diagram related to olive production sector in the
Governorate of Médenine
3.8. Diagnosis of disposition
The analysis of disposition will be approached first globally (Figure 10) taking into account
the complexity and then by a simplified analysis specific for the olive production sector in the
Governorate of Médenine taking into account the relevant parameters and relationship
(Figure 11).
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3.8.1. Global diagnosis of disposition (Potential risk prone)
Based on the semi structured influence diagram related to olive production sector in the
Governorate of Médenine (figure 9), the main disposition of the olive production sector in the
province of Medenine is controlled by three spheres: biophysical, social and macroeconomic
(figure 10).
The climate stimulus (low precipitation, high seasonal variability and extremes), the water
limitation capacity and temperature rise lead to insufficient climatic conditions. On the other
side, the vulnerable ecosystem and bad management of lands result in land degradation.
The combined effects induce insufficient growth conditions leading to less yield and suitable
area and, thus, production decline.
In parallel, the land tenure changes (privatization) and the subsidies encouraged the
accelerated the expansion of olive groves at the expense of natural rangelands inducing high
pressure on marginal lands and reduction of suitable cultivated area and, consequently, the
reduction of production which is considered the main feature of possible CC scenarios.
As a consequence, it is expected that the farmers’ income and farms will be reduced
significantly. As the olive oil is among the most exported agriculture products, the expected
loss in competitiveness (quantity and quality) would lead to disequilibrium in the foreign trade
balance.
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Figure 10. Global diagnosis of disposition (Potential risk prone).
3.8.2. Adopted diagnosis of disposition (Potential risk prone)
In our case, the exposed features to the climate change will concern water resources as
represented by precipitation and runoff and therefore the water supply map; soil resources
with the depth and texture maps which may permit in producing the available water storage.
These layers are necessary for establishing the potential land suitability for olive crop map
which corresponds to the sensitivity phase of the vulnerability. The vulnerability itself will be
assessed through the comparison of this map and the current olive crop land use as well as
the socio-economic layers (land tenure). The final aspect of the vulnerability is dealing with
the adaptive capacity and the adaptation strategies to be developed on the base of the
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climate changes scenarios at the horizons of 2020 and 2050. The general flowchart is given
in the figure 11.
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Figure 11. Adopted diagnosis of disposition (Potential risk prone) of the olive production
sector in the Governorate of Médenine.
(Tmin, Tmax: minimum & maximum temperature, ET0: Reference evapotranspiration, Kc: Crop coefficient, ETc:
Crop evapotranspiration, ETact: Actual evapotranspiration, ASW: Available soil water, CC: Climate change).	
  

The vulnerability map will be produced by combining some socio economic
parameters with the sensitivity (suitability) map. For practical reasons (spatialization,
data availability), only land tenure parameter will be taken into consideration. In fact,
this parameter can identify the inaccessible suitable areas due to the collective, State
ownership or protected areas (i.e. national parks).
The network of rain gauges available for the study area will be considered.
The following runs will be conducted:
- Run 1: average year (normal based on the historical data)
- Run 2: average year with CC projections of 2020 horizon
- Run 3 : average year with CC projections of 2050 horizon
The model will be run for all possible combinations of: Position (mountain, plain), soils (all
soils), meteo stations (Béni Khédache, Médenine, ElFjé and Houmet Souk) and rainfall
gages (all).
For each combination, the Etc actual will be determined. Those values will be extrapolated
by the means of ArcView software in order to produce the sensitivity map or the suitability
map. By comparing the Etc actual to ETc max, the following classes will be assigned (Table
1).
Table. 1. Suitability classes for olive growing in the province of Médenine.
Class
Eta/Etc (%)
Highly suitable
> 80
Suitable
60-80
Moderately Suitable
40-60
Slightly suitable
20-40
Non suitable
<20
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The land suitability map will be compared to the actual olive land use map in order to identify
the areas (sensitivity map):
- Suitable none planted: non sensitive if planted
- Planted on non suitable: highly sensitive
- Suitable planted: non sensitive
- Non suitable none planted: highly sensitive if planted
The vulnerability maps (actual, climate scenario 2020, climate scenario 2050), with a scale of
vulnerability degree going from 0 (low vulnerability) to 1 (high vulnerability), will be achieved
by combining the sensitivity as well as the land tenure maps.
3.9. Adaptation measures
Following the vulnerability analyses related to different situations (reference situation, climate
scenario 2020 and climate scenario 2050), corresponding adaptation measures will be
identified in common agreement with the partners and stakeholders concerned by olive
production sector (figure 2). These measures will be identified by type of actors: national
institutions (Oil Office, MEDD, MARH), regional institutions (CRDA,_CRD,_CLDs,_IO,_IRA)
farmers, triturating factories, local NGO, socio-professional organizations (GDA, UTAP, etc.).
Furthermore, adaptation measures will be classified by type of instruments (institutional,
economic, social, training, education, etc.). As far as possible, impacts and effects of these
measures are also identified. To do so, a workshop will be organized with partners and
stakeholders with combined objectives: validation of vulnerability analysis results and
identification of adaptation measures and their impacts.
Since the olive oil sector is highly vulnerable to climatic changes, some measures have to be
taken and recommended in order to conserve and improve the welfare of the farmers in the
governorate of Medenine. The main potential adaptations are the followings:
ý Diversification of income sources
Aiming at decreasing the dependency on one sector, other income generative activities may
be undertaken. The governorate is very rich in landscapes, mainly in mountainous area and
in cultural patrimonies (such as the ksours) in addition to the national park of Sidi Toui. This
may encourage some farmers to develop economic activities in the ecotourism. Other
activities in services, trade and in the coast areas may also be developed.
ý Adapted crop system management
If farmers prefer to continue living on olive oil sector despite its high vulnerability to climatic
stressors, some management tools should achieved in order to guarantee a sustainable
production of the sector. Among these tools:
- Select the most olive trees drought tolerant;
- Control and improve the agricultural practices mainly in respecting the rules of
pruning as well as the manner and the frequency of ploughing.
ý Change WSC techniques and supplemental irrigation
To face water scarcity in relation to the expected significant decrease in precipitations, some
techniques of soil and water conservation and water harvesting such as jessours in the
mountains and tabias in the plain have to be established in the areas receiving more water
from runoff. If available, supplemental irrigation will be beneficial both in quantity and quality
of olive oil crop.
ý Subsidizing suitable systems
Since some years, planting olive oil tress was subsidized from the agricultural service. These
subsidies have encouraged farmers to expand their olive crop area even in marginal and
unproductive lands. Moreover, it has encouraged them to plant the unsuitable collective
rangelands which have induced, in some cases, social conflicts between farmers and
communities. Subsidies rules should be reviewed and reoriented. Only plantations in
appropriate natural conditions would be subsidized.
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3.10. Risk assessment
The risk and vulnerability assessment helps to identify the components of the olive oil sector
that are at risk of threat and loss from the climatic changes. This information is important to
help determine and prioritize the precautionary measures that can make the crop or even the
sector more drought-resistant.
Based on the results of the study on “national strategy towards climatic changes”, there is a
probability that rainfall will be very low and temperature will rise in addition to the increase of
rainfall seasonal variability? These changes will be more felt in the south of Tunisia and
mainly at the governorate of Medenine where rainfed agriculture and particularly olive crops
are the most vulnerable to these changes. Such risk will have a direct impact on the olive
sector. In fact, a significant potential factor regarding drought vulnerability includes potential
changes in yield and productivity, in cultivated area, in production and even in quality and
competitiveness of oil will be recorded. Since this sector is considered to be as the main
economic activity for farmers, some other indirect impacts will appear. This will induce a
considerable decrease in farmer income and workers leading thus to the abandonment of the
sector and even the migration of farmers.
These impacts may need to join efforts of all national and regional stakeholders (institutions,
NGOs, farmers, researchers …) acting in the sector in order to develop and establish
adaptation strategies to face and to alleviate the harmful impact of this risk.
Among the recommended adaptations of the sector, the diversification of income sources
may permit to decrease the dependency of farmers to this unique sector. The adaptation of
the crop management system by planting more drought resistant varieties, applying more
adequate agriculture practices (ploughing, pruning…) and establishing, where it is possible,
water harvesting techniques will be beneficial and may alleviate the negative impact of the
risk. Finally, subsidizing suitable systems may encourage farmers to better and sustainability
manage their areas without looking for the cultivation and expansion of olive trees in
unproductive marginal lands.
3.11. Tools analysis
In assessing the vulnerability to climate change of our target sector (olive sector), use will be
made of water balance model (BUDGET) as well as GIS tools for the intersection and spatial
analysis to be applied on several layers (maps) either extracted from the agricultural map
(AM) of the governorate of Médenine or created or adapted. Hereafter the main tools will be
detailed.
Agriculture map (Carte Agricole) (CA)
By a request from the Ministry of Agriculture, this tool was developed by a consulting group
STUDI/SCOT/SODETEG in 2002 for each CRDA which is the regional representation
(province level) of the Ministry (MARH, 2002).
The objective is to develop a decision making tool for the agricultural development plans and
projects and the protection of the natural resources. In fact, this tool became recently a
legislative and basic tool to support decision makers at the governorate level for all
agriculture development plans and actions.
The CA is an application which runs as an extension under ArcView (ESRI) software. In fact,
all the basic input data need to be spatialized namely, climate, soil, topography, geology,
aquifers, vegetation, land use, crop characteristics. In addition, other agro-economic
parameters are included (inputs, costs, production, yield, etc).
If the inputs are correct and updated for the specific application case, this tool is supposed to
provide for any field, wherever it is, suitable maps indicating the ‘best options’ to be
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considered to ensure sustainable use of the available resources. At this end, a specific
application called THEMA was developed (Figure 12). It ensures the linkage between
ArcView and Access. In fact, the overlying (geoprocessing) of identified shape files is
conducted under ArcView while the treatment of attributes is done in Access. It follows two
steps: the first one determines the biophysical potentialities based only natural factors:
climate, soil, topography, etc while in the second step socio economic factors are added to
determine the economic competitiveness of any agricultural activity.

Figure 12. Main menu of the Thema application in the AM.
However, this tool has not yet been fully applied and used by the concerned agencies
because of the difficulties in gathering suitable complete input data and ensuring their update
continuously. In addition, the lack of appropriate equipments, softwares and well trained
personnel are hindering also this process. On the other hand, this tool is almost ‘black box’
which does not allow any adaptations when and where needed.
Therefore, it will be used as a source of some thematic layers namely: soil map, DEM, and
land use map.
Water balance / BUDGET model (c.f. see Appendix 3)
As concluded from the above analysis, olive tree productivity/production was identified
among the most important physical effect of any CC scenarios. Thus, the impact assessment
methodology entailed translating the effect of decreased/increased water availability on tree
productivity/production.
In this case, this effect will be assessed by making use of a simple water balance model
‘BUDGET’ developed by Raes et al. (2002) using a time step of 1 month. BUDGET is public
domain software www.iupware.be that calculates the water storage in a cropped soil profile
as affected by input and output of water for a given period. When testing this model in similar
agro-climatic conditions (Tunisia, Iran, Burkina Faso), Raes et al. (2005; 2006) concluded
that with the help of the simple robust BUDGET model, reliable relative yield estimates can
be obtained by using daily rainfall data and ten-day ET0 data, good estimates of the initial
soil water content and the sowing/ planting date and indicative values for crop and soil data.
The same model was also applied by Schiettecatte et al. (2005) and Ouessar (2007) to
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assess the impact of water harvesting system (jessour) on olive tree performances in the arid
mountain region of Béni Khédache (Southern Tunisia).
If the total available soil water not sufficient to meet the needs of the crop, then the actual
evapotranspiration is lower than the crop evapotranspiration under standard conditions. This
crop evapotranspiration, denoted as ETcrop, is the evapotranspiration from a disease-free,
well-fertilized crop, grown in large fields, under optimum soil water conditions and achieving
full production under the given climatic conditions.
Soil classes and their characteristics (texture, depth, …) will be obtained from the soil map
(at 1:500,000 scale) of the Jeffara region produced by Belkhodja et al. (1973). However, use
will be made also of other available soil maps at finer scales such as the soil map of ZeussKoutine (1/200,000) produced by Taamallah (2003).
On the other hand and as made in previous studies (Ouessar, 2007; Ouessar et al., 2009),
the soil map will be modified to take into account the ‘artificial’ soils built up behind the waterharvesting units as deposited sediments. Therefore, the boundaries of the soil units will be
adjusted based thanks to the visual interpretation of Google earth images in addition to
expert knowledge. Further field investigation with GPS positioning could envisaged when
needed. Two classes will be added: JESR: soils behind jessour, and STAB: soils behind
tabias).
Already measured available water capacity (AWC), bulk density (BD) and saturated hydraulic
conductivity (Ksoil) (Maati, 2001) will be used. However and As it is frequently done in
watershed modelling where the soil properties are not fully available (e.g., Heuvelmans et al.,
2004; Bouraoui et al., 2005; Ouessar et al., 2009), the missing water characteristics of the
remaining soils will be derived by means of the calculator of Saxton (2005).
On sloping lands, runoff will be calculated as an input to the model (irrigation) to take into
account the presence of WH systems (jessour, tabias). For that purpose, the runoff volume
will be estimated by the simple empirical formula developed by Fersi (1985) and adopted
later for the region (Kallel, 2001). It uses simply the rainfall and the slope.
3.12. Indicators/data source
As described previously, vulnerability is shaped and dependent on a range of environmental,
physical, social and economic factors linked to development challenges at multiple scales.
Table 2 provides overview of some of the key vulnerability indicators being considered in this
study. However, we may not target all of the indicators but only some of them where the
data are easily available and published. The indicators can be divided into two broad subindicators namely biophysical consisted of environmental, physical/infrastructure indicators
and socio-economic consisted of social, economic and human indicators.
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Table 2. Selected key vulnerability indicators and data sources.
Indicator
Spatial
Temporal
Data sources
scale
scale
Climate
Mean annual
rainfall

Precipitation

Governorate

20 to 100
years

World
climate
www.tutiempo.net/en/
National climate data :
www.meteo.tn
IRA’s collected data

data :

Mean Autumnal
rainfall (S, O, N)

Precipitation

Governorate

20 to 100
years

data :

Mean Spring
rainfall (F, M, A)

Precipitation

Governorate

20 to 100
years

Mean annual
temperature

Temperature

Governorate	
   10-30
years

Mean Autumnal
temperature (S,
O, N)

Temperature

Governorate	
   10-30
years

Mean Spring
temperature (F,
M, A)

Temperature

Governorate	
   10-30
years

World
climate
www.tutiempo.net/en/
National climate data :
www.meteo.tn
IRA’s collected data
World
climate
www.tutiempo.net/en/
National climate data :
www.meteo.tn
IRA’s collected data
World
climate
www.tutiempo.net/en/
National climate data :
www.meteo.tn
IRA’s collected data
World
climate
www.tutiempo.net/en/
National climate data :
www.meteo.tn
IRA’s collected data
World
climate
www.tutiempo.net/en/
National climate data :
www.meteo.tn
IRA’s collected data

Texture

Area

Governorate

-

Soil map (Carte agricole,

Depth

Area

Governorate

-

Soil map (Carte agricole)

Topography

Area

Governorate

-

DEM (Carte agricole)

Area

Governorate

2008

Agriculture map
Technical services + IRA

Area

Governorate

-

Agriculture map
Land affairs service

data :

data :

data :

data :

Soil

Land use
Actual olive land
use map
Socioeconomy
Land tenure
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4. Timeline (Road map)
The activities will be performed according to the following road map:
No Activities
Output
Deliverables
1
Conceptualization of
the methodological
approach
Characterization of the
units of exposure
Estimate the data
requirements and needed
models

Feed back to be sent to IRA
by PIK/GTZ
Determine the impacts to
work on (check for
relevance)

Reason and
selection
criteria
Conceptional
model of the
“Olive Oil
Production
System”
(Problem
complex
CF-Graph)
Impact and
related
impacts chains
are selected,
data and
models are
identified.
(Scale, time
series,
format/map)

Stakeholder workshop
in Tunisia
2

Implementation
Data Collection finalized

Draft of the
methodological
approach to be sent to
PIK/GTZ

Report and
Powerpoint
presentation about
the working approach
(selected impacted,
needed data and
model/method used to
describe the impact
chain)

Period

Status

15. Jan
2010

Achieved

29. Jan
2010

Achieved

8. Feb
2010
28 Feb
2010
(to be
organize
d by IRA)

Presentation of the
approach and
preliminary results

2nd week
of March

Intermediate report on
vulnerability
assessment
(powerpoint)

28.
March
2010
(fix)
Internatio
nal
Worksho
p (Berlin)
31. Mai
2010
(fix)

Two
alternative
s dates
are
suggested
20 Feb to
26 Feb
2010 OR
27 Feb to
04 March
2010.

Additional
Data are
collected (with
stakeholders)

Implementation of the
Framework Approach
(ci-grasp Tunisia)
Work in
progress
(Archetype
works as
demo)

Draft Vulnerability
assessment report
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(Annual
report to
BMU)
Reporting

Final report is
delivered to GTZ+PIK
and approved

5. Synergy between methodological approaches of olive sector and ecosystems
vulnerability:
Rangeland ecosystems are still the dominant land use in the Governorate of Medenine. Their
area is however decreasing since many decades. In fact agricultural activities, based mainly
on olive tree crop, were developed at the expense of these natural areas:
o Since the independence of Tunisia, the pastoral system has been converted
to agropastoral one. Due to sedentarization, small agropastoralists took the
place of the great livestock owners and animal herds' breeders. The
agricultural is mainly based on olive tree crop
o In the collective rangelands, the establishment of perennial "fixing" crop,
particularly the olive-crop, often hid a bearing country not acknowledged
objective on the appropriation and privatization of these lands covered
originally by natural vegetation
o If in the past, the size of the flock was a sign of richness, nowadays, this sign
is more attributed the number of olive trees owned. The owner of the greatest
number of olive-trees always acquired the first ranks in the social capacity.
For these reasons and for the complementarity between both archetypes (rangeland
ecosystems and olive groves) since at the governorate scale the land use is composed of
ecosystems and olive groves (if urban areas are excluded), a development of synergy for the
assessment and the identification of their patterns of vulnerability is needed.
Except the mountainous areas of the governorate, where olive tree crop was achieved
behind jessours and tabias (local water harvesting techniques) at the expense of Stipa
tenacissima ecosystems, in the plain characterized by sandy soils, the extension of this crop
is done at the expense of the Rhanterium suaveolens ecosystem, the preliminary selected
plant community by GTZ/BIK for studying its pattern of vulnerability to climatic change in
southern Tunisia. Since the impact of the climatic scenarios is common for both archetypes,
the way of finding a synergy between them will contribute to:
o The sustainable development of the governorate of Medenine by
implementing coherent strategies leading to obtain sustainable impacts;
o The homogenization of the methodological approaches of planning as well as
monitoring-assessment.
The methodological approaches used for both archetypes are partially different in using
Maxent model in the evaluation of the ecosystems vulnerability; they are however similar in
using the ArcGis software with its options (spatial analyst, …) and the data sources
(agricultural map, …) collected at local level.
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Appendix 1
Olive oil sector characterization in the Governorate of Médenine
1. Governorate of Médenine characterization
1.1. Administrative setting
Surrounded by the Matmata Mountains and the Dahar plateau, the governorate of Medenine
stretches over 400 km of coastal shores on the Mediterranean Sea (Gulf of Gabes). Its
northern limit coincides with wadi Zeuss and the border with the governate of Gabes (Jbel
Tbaga). Bir Soltane and the pipeline road demarcate the western limit. Wadi El Khil
(Governoate of Tataouine) is found on the southern side and the Tuniso-Libyan border on
the east. It consists of 9 districts (Figure 1):
- Beni Khedache district composed of 13 imadas
- Medenine South district composed of 9 imadas
- Medenine Nord district composed of 8 imadas
- Sidi Makhlouf district composed of 8 imadas
- Ben Guerdane district composed of 12 imadas
- Zarzis district composed of 16 imadas
- Midoun district composed of 7 imadas
- Ajim district composed of 6 imadas
- Houmt Souk district composed of 11 imadas.

Figure 1. Map of administrative divisions of the governate of Médenine.
1.2. Geology and geomorphology
The oldest geological formations encountered in Medenine governorate date back to the
Paleozoic (primary) era and outcrop in El Hmaima and Oum Ettamer. These formations
made mainly of sedimentary layers (marnes, limestones and Dolomites) buried by the visible
Mesozoic at the Eastern slope deposits of the Dahar and Tejra chain. These deposits are
formed by the lower and medium Trias, the terminal Jurassic, lower Cretaceous, the
Cenomanian, the Turonian and lower Senonian.
The anticlinal of Jeffara was formed in the Eocene era. During the Quaternary, the climate
cycles have created successive deposits covering previous formations of the ancient
Quaternary during which formed the powerful limestone slabs of salmon color that extends
almost on the lower portion of the governorate. The subsequent Atlassic folding caused
topographic readjustment of the landscape which results by more or less strong undulations
of the surface of the ground. Then the recent Quaternary deposits spread over the previous
layers (Figure 2).
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Figure 2. Geology map of the province of Medenine.
Currently, the aridity of the environment and farming practices promote sand movement and
water erosion along the wadi network after heavy rains.
Four main landscape units could be distinguished as a function of the topography and the
land use (Figure 3):
- Jebels (Béni Khédchae mountains) with elevation not exceeding 600 m;
- Developed hydrographic network (main channels and tributaries) especially on the
upstream parts because of altitude,
- the piedmont and glacis areas are made of small hills,
- the plain extends on gentle slopes between the piedmont and the sea with varying
shapes despite the apparent monotony.

Figure 3. Main landscape units in the province of Medenine.
1.3. Soils
Despite the topographic monotony in the majority of its territory, the governorate of Medenine
presents a wide variety of soils. This diversity is linked especially with the aggressively of the
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arid climate. These soils have an evolution dominated by calcium movements since the
majority of the outcroppings are composed of mainly calcium sedimentary rocks.
Five main classes have been identified (Figure 4):
• Regosols are made mainly of dolomites, limestone outcroppings and stony regs are
located in the upstream area (mountains and hills). However, Lithosols and Fluvisols
are found in the plain and the downstream parts. These soils cover an area of
554,057 ha (60.44 %);
• Rendzinas on calcareous or gypsum crusting or on the miopliocene are found in the
upstream and piedmont parts where water harvesting cropping is practiced. They
cover 49.220 ha (5.37 %).
• Xerosols are not very deep and covered sometimes by a shallow (few centimeters
tick) wind deposits. They occupy 234,980 ha (25.63 %). They are generally suitable
for arboriculture and other crops but need careful management.
• Solonchak, Solonetz, and Gleysols (78,450 ha; 8,56 %) are encountered at the level
of the depressions (sebkhas and garaas) on the coastal areas. They are
characterized by a very high salinity. Generally, their vegetation is much appreciated
by camels.

Figure 4. Soil map of the province of Medenine.
1.4. Climate
The climate of the region of Medenine is located in the Mediterranean type whereby the
rainfall is concentrated in the cold season (Figure 5).

Figure 5. Bioclimate map of the province of Medenine.
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The region of Medenine is subject to two opposite climate centers: a dry Saharan dry and
warm subtropical climate located on the Southwest and a relatively mild Mediterranean
climate located to the East. The essence of precipitation is due to either of the Gulf of Gabes
or the Mediterranean basin and rarely in the Atlantic.
The Saharan disturbances which exert a great influence on the climate of the region of
Medenine, are generated by depression linked to the intertropical front. These depressions
move from West to East along the thirty third parallel in the direction of the Gulf of Gabes.
Warm air from the Sahara, which passes first on the Mediterranean, absorbs the humidity
and becomes instable to generate very important rainfall storms.
Precipitation
Table 1 shows the monthly distribution of precipitation of 5 stations in the Medenine
governorate. Generally, monthly precipitation is low and has a summer deficit from the month
of May.
Table 1: Distribution of average monthly rainfall in the province of Medenine.
Sept Oct. Nov. Dec. Jan Feb. Mar. Apr. May June Jul. August Tot.
Jerba

17.6 47.3 39.3 26.3 25.9 19.4 21.3 13.7

Zarzis

1.3

0.1

1.3

220.5

15.8 28.9 39.1 33.5 24.9 23.6 20,7 13.1 6.6

1.4

0.2

1.2

188.3

Medenine

10.8 23.6 16.5 17.3 17.4 17.7 25,7 13.9 6.4

1

0.2

1.1

125.9

Ben
Gardane

11.3

0.5

0

0.7

1.2

0

2.5

Béni
Khedache

28

7

26.7 23.3 28.5 20.1 23.9 11.2 5.9

180.1
14.8 18.2 21.5 38,8 36.1

29

43.1

15

11.4

192.8

Temperature
The average annual temperature in the governorate varies between 24 and 33 ° C
depending on the proximity of the sea and the altitude. December, January and February are
the coldest with occasional freezing whereas the months of June, July and August are the
warmest and the temperature can reach more than 48 °C (table 2).
Table 2: Average annual temperature in the province of Medenine.
Station
Maxima (° C)
Minima (° C)
Jerba
32.7
8.4
Medenine
36.7
6.2
Ben Gardane
35.8
5.9
Béni Khedache
25.3
14.2

Thermal amplitude
24.3
30.5
26.6
11.1

Winds
The governorate is under the influence of winds from different directions. The main winds
are: East and North East which are cold and wet and blow often in winter while the southern
winds are warm and dry know as sirocco (called locally Chhile or Guebli) and blow in the
summer. The latter often accelerate evapotranspiration and cause wind erosion of the soil.
These winds can be classified as a function of their morphogenic roles (wind erosion), as
active and inactive winds. Inactive winds are subdivided into calm winds (v < 1) m/s) and
average winds (1 m/s < v < 3 m/s). Active winds are divided into strong winds (3 m/s < v < 6
m/s) and very strong winds (v > 6 m/s).
The period where the wind blows the most often, extends from February to April. An average
of 38 days of Sirocco is recorded every year.
Active winds take the importance in the winter season during which the erosion process is
slowed by the air humidity and soil moisture. They are also important in the spring season
during which expands the vegetation and in particular the annual species which protect the
soil by increasing its roughness and therefore, contribute to the reduce erosion.
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Potential evapotranspiration (PET)
The governorate is characterized by a strong potential evapotranspiration (table 3).
Table 3: Potential evapotranspiration (mm) in Medenine station.
Month Sep. Oct Nov Dec Jan Feb Mar Apr. May. June Jui.
.
.
.
.
.
.
.
P
10.8 23. 16.5 17.3 17.4 17.7 25,7 13.9 6.4
1.0
0.2
6
ETP
123, 83 54.5 41.9 44.2 55,3 86.6 116, 159, 185,9 197,
4
6
7
6
We can notice that the minimum value of the PET occurs in December and the
July. The annual water balance deficit is around 1170 mm.

Au. Total
1.1 151,6
17 1321,
2
3
maximum in

1.5. Vegetation
Rangelands are the dominant land use in the study area. The vegetation is mostly steppe but
the species composition is highly variable depending on relief and soil type. The
characteristics of the main four ecological systems found in the study area were summarized
from the studies of MEAT (1998), Attia (2003) and Hanafi and Ouled Belgacem (2006)
(Figure 6):
Mountain zone : The vegetation cover is mostly made of Stipa tenacissima, Artemisia herba
alba, Reaumuria vermiculata and Gymnocarpos decander. Such vegetation type results from
the degradation of forest of Pinus halepensis, Juniperus phoenica and Pistacia atlantica
which completely disappeared from the area due to long history of cuttings. When moving
downward from the hills, Hammada scoparia and Heliantheman kahiricum appear and take
the place of Stipa tenacissima.
Wadi beds and water courses : These areas are characterized by their high biodiversity
and vegetal species richness which may be due to the different biogeographical origin of
seeds. The most dominant species are: Retama retaem, Nerium oleander, Pennissetum
elatum, Marrubium deserti, Juncus maritimus, Cenchrus ciliaris, Rhanterium suaveolens,
Thymus adriensis.
Plains : The vegetation of the remaining of the study area differs from one site to another
depending on soil type. On sandy soils (with eolian deposits), the dominant plant species are
those belonging to the Rhanterium suaveolens steppe with different levels of degradation.
We can find Stipa lagascae, Stipagrostis plumosa, Argyrolobium uniflorm, Echiochilon
fruticosum, Stipa grostis pengens. In overgrazed sites, the dominant species is Astragalus
armatus whereas in the abandoned cultivated sites, the dominant species is Artemisia
campestris. In gypsic soil, the dominant flora is anarrhinum brevifolium, Helianthemum
kahiricum and Lygeum spartum.
Saline depression : It concerns the sebkha of Oum Zessar which is located close to the
sea. The natural vegetation is composed of several halophytic species, such as:
Limoniastrum guyomianum, Zygophyllum album, Nitrania retusa, Suaeda mollis and at lesser
degree Atriplex halimus, Arthrocnemun indicum.
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Figure 6. Vegetation map of the province of Medenine.
1.6. Water resources
Surface water: The governorate of Medenine has an important intermittent hydrographic
network made of two main parts: the first one flows from the Matmata mountains to the Great
oriental erg through the Dahar plateau whereas the second one flows to the Gulf of Gabes
through the Jeffara plain. The outflow is very variable and estimated to an average of 17
millions m3/year, of which 9 millions are mobilized by the soil and water conservation works
at the level of different watersheds. The remaining part flows to the sea or the saline
depressions (sebkhas) with the exception of a small volume which is retained by the cisterns
estimated to 15,000 units (580,000 m3) in the rural area and 16,000 (300,000 m3) in the
urban centers.
Groundwater: We can encounter either surface (shallow) or deep aquifers (Figure 7).
Shallow aquifers (less than 50 m deep) include oued Zeuss koutine Oum zassar, Oued
Metameur, Sidi Makhlouf, Oued El fjè, Oued Smar Medenine, Jorf, Zarzis, Benguerdane and
Jerba. Their annual total resources are estimated to 12.5 millions m3. Deep aquifers include
Jeffara, koutine, Zeuss, Trias sandstone, Dahar and El Warra totaling 28.5 million m 3/year.
Their exploitation rate varies between 890 to 950 l/s/year.

Figure 7. Groundwater aquifers map of the province of Medenine.
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1.7. Land degradation
The biophysical characteristics of the region (aridity, high rainfall events, strong winds, fragile
soils, topography, poor soil cover) coupled with the anthropic pressure on the natural
landscape (overgrazing, cropping of unsuitable lands, etc.) have lead to higher desertification
sensivity. The study conducted by Floret and Pontanier (1982) have showed that the
province of Médenine could classed as follows (Figure 8)
- Very sensitive (38 %)
- Hotspots (14 %)
- Moderately sensitive (27 %)
- fairly insensitive (12 %)
- little or not sensitive (9 %)

Figure 8. Map of sensitivity to desertification of the province of Medenine.
1.8. Society and population
The population of the Medenine governorate increased from 220,123 inhabitants in 1975 to
432,503 inhabitants in 2004 (INS 2005). The annual population growth rate, declining since
the seventies, it rose by 3.3% during the decade 1972-81 to 2.7% during the 1982-91
decade, actually this rate is almost 1.2% (MEDD,2006 ) . Médenine governorate become
relatively marked by the predominantly of urban population. Indeed, the urbanization rate
was 61.8% in 1994 and reached 77.07% in 2004 (INS 2005).
The analysis of the age structure changing of the local population shows that in general the
population is young. However, this population tends to be older. The age group [0-14 years]
has the lost weight and fell from 44.8% in 1966 to 33.9% in 2000 and well be 27.2% in the
year 2015 (INS projection 2005). While the age group between 15 and 60 years substantially
expands to exceed 50% in 1994 and reach 57.5% in 2000 and will be 64.5% in 2015. The
working population of Medenine Governorate has evolved from 64 800 in 1984 (assets
81.9% males) to 97 559 active in 2004. Agriculture and fishing occupied 26.5% of the
workforce in 1994, currently offer only 14.1% of jobs. In contrast, the services sector size is
evolved and registers an increase from 33.9% in 1994 to 49.7% IN 2005.
The unemployment rate in the Medenine governorate (10.3%) is among the lowest in the
country (The unemployment rates in Tunisia rose 15%). The poverty rate is 1.3%, the
national average is almost 4.2%. Concerning living conditions; infrastructure indicators show
a rates of drinking water (95.4% of population having potable water) and rate of electricity
(96%). The road network (1424, 5 km of paved roads and 3554.5 kilometres of unpaved
roads) is also well developed.
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Due to the accelerated development of urban centers (Jerba, Zarzis and Medenine), the
governorate of Medenine is relatively marked by a dominant urban population. In fact, the
rate of urbanization exceeded 65 %, slightly higher than the national average (61 %).
2. Olive oil sector characterization
2.1. At national level
Tunisia is the most important olive oil producer country of the Southern Mediterranean basin.
More than 30 % of its arable lands are devoted to olive crop since it covers about 1.7 million
ha comprising about 70 millions olive trees in 2008. If the European Union is excluded,
Tunisia is the great world power in the sector of olive oil. This crop is thousand-year-old.
Phoenicians were the first to introduce this crop in North Africa; the other Mediterranean
civilization continued its expansion. Indeed, since XIth century AC., and even before the
foundation of Carthage, the olive-tree crops were developed in the entire Mediterranean
basin. The excavations of Suféitula (Sbeitla) and Thysdrus (El Jem), as well as the Roman
mosaics found in Sousse, show that this crop was already extended enough in the whole
Tunisian territory.
Socio-culturally, the olive-tree is, at Moslems, very appreciated because it is well known in
the history by its medicinal advantages, its adaptation to the difficult natural environments
and also by its quotation in Koran.
In the collective lands (rangelands, episodical cultivation of cereals, etc), the establishment of
perennial "fixing" crop, particularly the olive-crop, often hid a bearing country not
acknowledged objective on the appropriation and privatization of these lands. In these
situations, the plantation of the olive-tree was always preferred with the forest plantation; the
latter does not allow guaranteeing a privative management of the collective lands. Moreover,
in the private lands, the development of the olive-tree always constituted a sign of richness.
The owner of the greatest number of olive-trees always acquired the first ranks in the social
capacity.
The olive-growing sector occupies a strategic place in the Tunisian economy. Tunisia
occupies the second world rank for the production of olive oil after the European Union, with
a mean production of about 165 000 tons of olive oil, more than 6% of the world production.
The sector plays one of the most significant roles in the social and economic life of the
country and supposes almost 15 % of the total value of the final agricultural production. The
international trade of the olive oil represents 50 % of the total agricultural exports, 5.5 % of
total exports and constitutes the fifth source of currencies of the country.
The olive oil sector concerns, directly or indirectly, more than one million people and provides
34 million working days per year, which is equivalent to more than 20 % of the agricultural
employment. Moreover, it contributes largely to the regional balance since it is often the only
viable crop in the least favored areas. It allows fixing the populations in sites suffering from
the negative impact from the rural migration.
This sector represents an important social dimension since it constitutes a source of income
for more than one million people including 309 thousand farmers, about 60% of the active
farmers.
2.2. At regional level (Southern Tunisia)
Actually, the Tunisian olive grove is distributed on approximately the third of the cultivated
areas. The plantations of olive-trees cover about 1,5 million ha distributed as follows: 11,6 %
in North, 34,3 % in the Center and 54,1 % in the South. Table 4 presents the number of the
olive trees and the planting density in the North, South and Center of the country as well as
the surfaces occupied by these plantations and the number of olive trees distributed
geographically (Ministère de l'Agriculture et des Ressources Hydrauliques)..
Table 4. Area, number of olive trees and planting density in the regions of North, South and
Center of Tunisia (Karray, 2002).
Region Area (1000 ha) Total number (1000 individuals) Density (individuals.ha-1)
North
177.6
15069
85
Center
1133.7
34227
30
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South
299.9
6579
22
Total
1611.2
55875
The Tunisian olive production is very fluctuating from one year to another because of the
biological phenomenon of alternation of the olive-tree and the extremely random climatic
conditions. The production of olive oil with, during the period 1986 –94 is estimated at
approximately 706 500 tons per year. The South ensures 49.4 % of the production of olives,
against 29.3 in the Center and 21.3 % in North. In addition, the oil content of olives produced
in the South is slightly higher than in the other areas. The South thus contributes for 55 % to
the total production of oil against 27 % for the Center and 18 % for North.
In all the area of the South, the olive-tree takes a very important social dimension. In fact, in
addition to the incomes that generates, the olive-tree has positive repercussions on the diet
of the populations, owners and exploiters of olive groves and on the environment.
• For the farmers:
o provisioning of the families of a reserve of olive oil for the auto-consumption,
food product well appreciated by the population,
o the olive by products constitute a animal feeding resource during severe
period of feed shortage
o the limitation of the emigration
• For the environment:
o the soil protection and combating desertification, and the safeguard of a
precarious ecological balance of the area,
o the stabilization of populations and the limitation of rural migration,
o the optimal use of the available resources in the governorates of the South.
o The olive-tree plays therefore an important role in the socio-economic as well
as the ecological balance of southern Tunisia.
In a more accentuated way than the North and the Center, the South of Tunisia is
characterized by an arid climate with low and irregular precipitation. Soils are generally poor.
This area also suffers from the insufficiency or low quality of the water resources. For all
these factors, the olive crop production in the governorates of the South remains strongly
atomized and constitutes a social speculation with low yield. This production is also random,
not very competitive and strongly depends on the climatic conditions.
2.3. The Governorate of Medenine
In five of the governorates of the South, the rate of the cultivable arable lands remains weak
compared to the total surface of the area and represents less than 5%. Moreover, the
agricultural sector of the area has suffered for four years (1999 – 2002) from a severe
drought accompanied by an increase of mean temperatures. These climatic risks accentuate
the threat of desertification of the area.
In spite of these hostile factors, the olive-tree constitutes the principal speculation in the area.
This Plant has the biological characteristics enabling it to adapt to the natural environment
and the drastic climatic conditions of the area. In this area, several local varieties may be
found which illustrate the past of the olive-tree in this area. Some specific and general
constraints inherent mainly with the farming techniques and has their adaptation to the
natural environment are observed in each governorate of the South. The plantations of olivetrees are essentially concentrated at the governorate of Medenine since it includes
approximately 50 % of the olive crop surface of the South (table 5), then come in second
rank the governorates of Gafsa and Gabes with 20 % respectively and finally the governorate
of Tataouine with only 10 %.
Table 5 . Distribution of olive oil crop in four governorate of southern Tunisia (Agricultural
Service, 2001).
Area (ha)
%
Number of
%
olive trees
Medenine
173000
49.9
3955000
44.9
Gafsa
69030
19.9
2700631
30.7
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Gabes
Tataouine
Total South

67687
36800
346517

19.5
10.7

1353740
801000

15.4
9.0

The olive forest of the governorate of Medenine counts 3 955 000 olive-trees on an area of
173 000 ha. The majority is planted under rainfed condition. Therefore in addition to the
fluctuation of the olive production from one year to another in relation to its biological
phenomenon of alternation of the olive-tree, it is highly variable due to the extremely random
climatic conditions.
The regional varieties of the olive-trees are mainly Chemleli of Zarzis and Zalmati. These two
varieties are well adapted to the soil and climatic conditions. In addition, it should be noted
that this area suffers from erosion, of the excessive parceling of private lands, and the land
tenure problems. This represents an obstacle to a good exploitation of the olive-trees.
Moreover, the use of the mechanical tilling instead of animal haulage tilling has led to the
impoverishment of the soils and the increases of the water requirements of olive-trees.
Moreover, the new extensions of the forest of olive-tree, mainly at Hamada, district of
Bengardane, are more and more achieved on marginal and poor soils.
The governorate of Medenine as compared to the other governorates (table 6) ensures a
contribution of 62 % and 8.73% respectively of the production of the south and the country
olive oil.
Table 6. Distribution of olive production, oil and its value by governorate of southern Tunisia
during the decade 1991 – 2001 (Agricultural Service and Office of Development of South,
2002).
Gafsa
Gabes
Tataouine
Medenine
Total
south
Olive
Mean
27426
14636
2700
73864
118626
production
Maximum 45600
32000
10500
150000
238100
(tones)
Minimum
13400
4000
300
20000
37700
Oil production Mean
5318
3314
675
14773
24080
(tones)
Maximum 8208
6400
2625
30000
47233
Minimum
2670
850
75
4000
7595
Oil production Normal
10.0
7.2
1.8
36.0
55.0
value (million year
dinars)
Favorable 15.0
11.5
4.8
54.0
85.3
year
Dry year
5.0
1.5
0.2
7.2
13.9
In the area of Medenine, it is in Zarzis, coastal area, that the olive oil sector presents a real
economic dimension. Table 7, presenting the area and production of olives as well as oil
production in the 9 districts of Medenine governorate shows that Zarzis is the most important
olive sector district in all presented parameters. In fact, the large olive farmers achieved a
vertical integration; they have their own oil mill and look to make their resources profitable.
Table 7: Spatial characterization of olive oil sector at the province level (governorate of
Medenine) (year 2008)
Olives
Olive oil Production
District
Olives
(Tons)
Médenine. Nord
Médenine. Sud
Sidi Makhlouf
	
  

Area (ha)

Production (Tons)

9 240
13 560
22,100

1,500
5,000
6,000

300
1,000
1,200
40	
  

	
  
Ajim
Houmt Souk
Midoun
Zarzis
Ben Guerdane
Beni Khedache

8,450
4,750
4,640
61,600
50,500
12,760

3,500
4,000
4,000
18,000
10,000
4,000

Total
187,600
56,000
Source : Commissariat Régional au Développement agricole (2008)

700
800
800
3,600
2,000
800
11,200

In the plain, the farmers of districts of Sidi Makhlouf, Ben Guerdane and Northern and
Southern Médenine have traditional know-how and knowledge of the olive-tree which
unfortunately are not updated. In these areas, the olive-tree was not the principal activity of
the farmers; it is rather livestock which constituted the dominant activity.
In the mountain (Beni Khedache district), all the olive trees are planted behind jessours and
tabias, traditional local water harvesting techniques. Therefore, if the planting density varies
from 17 to 22 trees per hectare in the coasty zone and the plain, it varies from 3 to 10
individuals in 0.05 to 0.1 ha.
According to estimates' of the farmers of the governorate, about 10% of the olive forest was
seriously touched by drought mainly in the Ghrabet area between Medenine and Zarzis.
These plantations require pulling up and reimplantation or regeneration by severe cut.
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Appendix 2
Climate stimuli
1. Climate variability
After analysing the temperature records for the last five decades, King and Nasr
distinguished two periods : 1950 to 1975 and 1976 and 2004. If the first period was
characterized by a stabilization or slight cooling, the second was marked by an excess of
global warming 1 °C in some regions. The period 1976-2004 is also characterized by a
stronger temperature variability and a larger number of absolute extremes (Figure 1).

Figure 1. Average annual temperature of Tunis Carthage (left), Kairouan (middle) and Gafsa
(right) during the period 1950-2004 (after King & Nasr, 2007)
On the other hand, the analysis of rainfall records revealed a decrease as well as higher
annual average rainfall variability during the period 1975-2005 than 1950-1974 period (Figure
2).

Figure 2. Annual rainfall (mm) in Tunis-Carthage, Kairouan and Gafsa during 1950-2004
(after King) (and Nasr, 2007)
2. Extreme climate events
The variability of the rainfall and hydrometeorologic extreme are a basic characterestic of the
the Tunisian climate (Benzarti, 1994; Pagney, 1999). The droughts and floods can reach a
significant magnitude.
An historical analysis of floods and droughts since the 7 th century (DGRE 2001) shows that
during the period 707 to 1900 recorded 29 droughts and floods 13 while during the 20 th
century only there were 17 droughts and 12 floods (Figure 3). In fact, poorly Re great
variability and the strong irregularity droughts and floods during the last 1500 years (Ministry
of agriculture,) (2000), an increase since 1958 floods and droughts since 1988 can be found
(King and Nasr, 2007).
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Figure 3. Historical droughts and floods in Tunisia since 8 th century (DGRE, 2001)
3. Climate change
3.1. Introduction
King and Nasr (2007) reported that the selection of a model and scenarios to predict the
evolution of the climate of Tunisia was based the study conducted by Tyndall Centre
concerning Tunisia (Mitchell, 2003).This study compares the results of four models:
Canadian (CGCM2), Australian (CSIROmk2), American (DOEPCM) and British (Had CM3)
models. A1 and A1F1 extreme scenarios as well as average A2 and B2 scenarios of SRES
have been combined with cited models. These projections show that, at the annual scale,
DOE and CSIRO models give, respectively, the lowest and the highest extreme results.
MAMC and HadCM3 models predict an increase in average temperatures of + 3 ° C by the
year 2080. The model HadCM3 gives the most probable results for Tunisia and i twas used
to make projections of temperatures and precipitation in 2030 and 2050. Among the four
A1F1, B1, B2 and B2 scenarios are available, the average scenarios A2 and B2 were
selected to study the variability and the extreme .This choice has been based on the
observed temperature trends in the 1950-2004 period. Note that up to 2050, the four
scenarios offer similar conclusions.
The model HadCM3 uses a grid of 0.5 ° × 0.5 ° (55 km × 55 km).
3.2. Projections for the horizons 2020 and 2050
For the year 2020, the model predicts a general temperatures rising compared to the
reference period (Figure 3).
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Figure 3. (° C) Average annual temperature rise of the HadCM3 model (scenario A2) in the
horizons 2020 (left) 2050 (right)
According to scenario A2 three zones can be distinguished.
- In the north, Cape Bon, and Central West where the average temperature increases
relatively low (+ 0.8 ° C).
- The Southwestern area and the far south where rise of temperature is the most
important (+ 1.3 ° C).
- The area from the limit of the Northwest to Southeast (+ 1.0 ° C) temperature rise is
average.
For the seasonal variations, it is expected that the summer temperature would increase
more importantly (+ 0.9 ° C to + 1.6 ° C) than winter (+ 0.7 ° C to + 1.0 ° C) by 2020.
Autumn and spring are intermediate cases with increases respectively of (+ 0.9 ° C to + 1.4 °
C) and (+ 0.6 ° C to + 1.2 ° C).

Figure 4. Decrease (% to reference period) annual average rainfall for HadCM3 model
(scenario A2) in the horizons 2020 (left) and 2050 (right)
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The model shows a general trend to precipitation decline. This decrease is moderate by
2020, but increases in the horizon 2050 for scenario B2 (Figure 4). The decrease is 5 % in
the North, 8 % for the Cap Bon and Northeast and 10 % at the extreme south. By the horizon
2050, the decline in rainfall increases, it varies then from 10 % to 30 % at the southern
extreme Northwest. At the seasonal level, winter would know the lowest decline (0 to -7 %)
while the highest decline will be recorded in summer (-8 to -40% from North to the South).
The fall and spring is intermediate with a decrease of precipitations -6 % to -12 % at the
extreme south.
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Appendix 3

Water balance / BUDGET model
Olive tree productivity/production was identified among the most important physical effect of
any CC scenarios. Thus, the impact assessment methodology entailed translating the effect
of decreased/increased water availability on tree productivity/production.
In this case, this effect will be assessed by making use of a simple water balance model
‘BUDGET’ developed by Raes et al. using a time step of 1 month. BUDGET is public domain
software www.iupware.be that calculates the water storage in a cropped soil profile as
affected by input and output of water for a given period. When testing this model in similar
agro-climatic conditions (Tunisia, Iran, Burkina Faso), Raes et al. (2005; 2006) concluded
that with the help of the simple robust BUDGET model, reliable relative yield estimates can
be obtained by using daily rainfall data and ten-day ET0 data, good estimates of the initial
soil water content and the sowing/ planting date and indicative values for crop and soil data.
The same model was also applied by Schiettecatte et al. (2005) and Ouessar (2007) to
assess the impact of water harvesting system (jessour) on olive tree performances in the arid
mountain region of Béni Khédache (Southern Tunisia).
The BUDGET model is composed of a set of validated subroutines that describe the various
processes involved in water extraction by plant roots and soil water movement in the
absence of a watertable (Raes et al., 2005) (Figure 1). Infiltration and internal drainage are
described by an exponential drainage function (Raes, 1982; Raes et al., 1988) that takes into
account the initial wetness and the drainage characteristics of the various soil layers. The
drainage function mimics quite realistically the infiltration and internal drainage as observed
in the field (Raes, 1982; Feyen, 1987; Hess, 1999; Wiyo, 1999; Barrios Gonzales, 1999). The
soil evaporation rate and crop transpiration rate of a well-watered soil can be calculated with
the help of the dual crop coefficient procedure (Allen et al., 1998). The actual soil evaporation
is derived from soil wetness and crop cover (Ritchie, 1972; Belmans et al. 1983). The actual
water uptake by plant roots is described by means of a sink term (Feddes et al., 1978;
Hoogland et al., 1981; Belmans et al. 1983) that takes into account root distribution and soil
water content in the soil profile.
The soil profile may be composed of several soil layers having specific characteristics. The
soil water flow is only described in the vertical direction. The model runs with a constant time
step (day, decade, or month).
The crop evapotranspiration is calculated by multiplying the reference evapotranspiration
with a crop coefficient (Allen et al., 1998):

ETcrop = k crop × ET 0
Where:
ETcrop = crop evapotranspiration under standard conditions (mm day-1)
ET0 = potential evapotranspiration or reference evapotranspiration (mm day-1)
kcrop
= crop coefficient (-).
The evapotranspiration rate from a reference surface (one that is not short of water) is called
the reference evapotranspiration and is denoted as ET0 which is affected only by climatic
parameters than can be computed from weather data (Raes et al., 2005). The FAO
Penman–Monteith method (Allen et al., 1998) will be used based on the data collected from
the meteorological stations of the region (Béni Khédache, Médenine, El Fjé, and Houmet
Souk).
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The Kc wil be dervived from the studies conducted by Schiettecatte et al. (2005) (Fleskens et
al., 2005).
and Ouessar (2007) (Table 1). In fact, these authors distinguished two main ecological
zones: the mountain and the plain.
Table 1. Olive development stages and Kc1 values in the governorate of Médenine.
Month
Development
Vegetative
Fruit growth
Kc
stage
growth
mountain 2
January
Dormant
Resting/dormant
0.40
February
Dormant
Resting/dormant
0.40
March
Initial
Resting/dormant Bud
0.55
differentiation
April
Development
Active
0.50
May
Development
Active
Flowering
0.45
June
Development
Active
0.40
July
Mid-season
Reduced
Yield formation
0.35
August
Mid-season
Reduced
Stone
0.35
hardening
September End
Active
Yield formation
0.45
October
End
Active
Yield formation
0.50
November End
Resting/dormant
0.45
December Dormant
Resting/dormant
0.40

Kc
plain 3
0.30
0.30
0.25
0.20
0.20
0.20
0.20
0.25
0.25
0.25
0.25
0.30

kc-values for the two areas reflect differences in tree density and, consequently, ground cover; low kc values in
summer at the coastal plain coincide with (very) high ET0 values, actually resultingin higher metabolism than the
higher kc-values during winter dormancy.
2
Schiettecatte et al. (2005), Ouessar (2007)
3
Fleskens et al. (2005).

If the total available soil water not sufficient to meet the needs of the crop, then the actual
evapotranspiration is lower than the crop evapotranspiration under standard conditions. This
crop evapotranspiration, denoted as ETcrop, is the evapotranspiration from a disease-free,
well-fertilized crop, grown in large fields, under optimum soil water conditions and achieving
full production under the given climatic conditions.
The total available water for the crop is given by the soil water content between field capacity
and the wilting point. The easily available water for the crop is determined by the soil water
depletion factor (p) of the total soil water that can be used. This factor gives an indication of
the tolerance of the crop to water stress (Allen et al., 1998). If there is less soil water than
factor (1-p) of the total available water, than the actual evapotranspiration is not given by the
crop evapotranspiration under standard conditions but by the equation developed by Rijtema
and Aboukhaled (1975) (Raes et al., 2005):
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Figure. 1. The water balance components as considered by BUDGET model (after
Raes et al., 2005).

ETa = ( S t × D ) /[(1 − p ) × S a × D ] × ETcrop
Where:
ETa
St
Sa
D
ETcrop
p

=
=
=
=
=
=

actual evapotranspiration (mm)
soil water supply at time t (mm m-1)
the maximum soil water supply (mm m-1)
depth of the profile (m)
crop evapotranspiration under standard conditions (mm)
the depletion factor which determines the threshold value for the water
content in the root zone below which roots are no longer able to
absorb water.

Soil classes and their characteristics (texture, depth, …) will be obtained from the soil map
(at 1:500,000 scale) of the Jeffara region produced by Belkhodja et al. (1973). However, use
will be made also of other available soil maps at finer scales such as the soil map of ZeussKoutine (1/200,000) produced by Taamallah (2003).
Texture of 31 representative profiles was determined using the sieve-pipette method (Gee
and Bauder, 1986) and organic matter by the method of Walkley and Black (1934).
On the other hand and as made in previous studies (Ouessar, 2007; Ouessar et al., 2009),
the soil map will be modified to take into account the ‘artificial’ soils built up behind the waterharvesting units as deposited sediments. Therefore, the boundaries of the soil units will be
adjusted based thanks to the visual interpretation of Google earth images in addition to
expert knowledge. Further field investigation with GPS positioning could envisaged when
needed. Two classes will be added: JESR: soils behind jessour, and STAB: soils behind
tabias).
For the soils on the terraces (JESR and STAB) of the water-harvesting structures, measured
available water capacity (AWC), bulk density (BD) and saturated hydraulic conductivity (Ksoil)
(Maati, 2001) will be used. AWC will be determined from the difference in soil-water content
at -33 kPa and -1500 kPa using pressure chambers (Soil moisture Equipment, Santa
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Barbara CA, USA). The BD was measured using 100-cm3 cores and Ksoil was obtained from
infiltration experiments using a double ring with an inner diameter of 28 cm and an outer
diameter of 53 cm. As it is frequently done in watershed modelling where the soil properties
are not fully available (e.g., Heuvelmans et al., 2004; Bouraoui et al., 2005; Ouessar et al.,
2009), the missing water characteristics of the remaining soils will be derived by means of
the calculator of Saxton (2005).

On sloping lands, runoff will be calculated as an input to the model (irrigation) to take
into account the presence of WH systems (jessour, tabias). For that purpose, the
runoff volume will be estimated by the simple empirical formula developed by Fersi
(1985) and adopted later for the region (Kallel, 2001). It uses simply the rainfall and
the slope.
The network of rain gauges available for the study area will be considered.

Figure 2. Rainfall and rain gages in the region..
The following scenarios will be considered:
- scenario 1: average year (normal based on the historical data)
- scenario 2: average year with CC projections of 2020 horizon
- scenario 2: average year with CC projections 2050 horizon
The model will be run for all possible combinations of: Position (mountain, plain), soils (all
soils), meteo stations (Béni Khédache, Médenine, ElFjé and Houmet Souk) and rainfall
gages (all).
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