
Introduction
Agriculture plays a dual

role in climate change mit-
igation: Agriculture is on
one hand a source of
greenhouse gas emissions
and at the same time a
reservoir for greenhouses
gases. The share of agri-
cultural sector in the annu-
al amount of greenhouse
gasses (GHG) is estimated
by the Intergovernmental
Panel on Climate Change
(IPCC) as 10 to 12 % of
global emissions. The ma-
jor share of agricultural e-
missions is reported to be
nitrous oxide (N2O) and methane (CH4) on CO2 equivalent
basis. Emissions in agriculture are from ‘small, diffuse and
non-point sources’. Soil carbon losses caused by agriculture
account for a tenth of total CO2 emissions attributable to
human activity since 1850. Despite various reports and
publications there is still lack of data, and thus need for
measurement, monitoring and verification still exists. How-
ever, the steps to be taken in data collection should balance
the costs incurred and accuracy (Reed, 2009; IPCC, 2007). In
Turkey, Turkish Statistics Institute (TUİK) has the mandate
to prepare the inventory for climate change (Anonymous,
2009a). During this period, besides appraising current agri-
cultural practices in terms of GHG emissions and seques-
tration potential, there is a need to assess possible impact of
climate change on production capacity of agriculture at re-
gional, national and transnational levels. Organic agricul-
ture with techniques based upon principles of ecology and
care and with a focus on on-farm inputs, exerts positive ef-
fects on climate change alleviation through reduction of
GHG emissions and increased carbon sequestration capacity
(Müller and Davis, 2009; Niggli et al, 2007; Niggli et al,
2009; Jordan et al., 2009; Leu, 2009). Turkey’s National 

Climate Change Adapta-
tion Strategy and Action
Plan identified various ac-
tivities for agriculture
however did not assign
any role to organic agri-
culture. The main objec-
tive ‘Developing and ex-
panding R&D and scien-
tific studies to identify the
impacts of climate change
on agriculture and to en-
sure adaptation to climate
change’ by developing in-
novative and appropriate
agriculture techniques
oriented to ensure adapta-
tion to climate change and

sustainability of natural resources foreseen for 2011-2015
and to be implemented by the Ministry of Food, Agriculture
and Livestock’ can embrace organic agriculture (Talu et al,
2010). In Turkey, organic agriculture displays an increasing
trend especially during the last 5 years, however, it is more
market oriented rather than preserving natural resources.
This paper evaluates possible impact of climate change on
organic agriculture in Turkey and focuses on how to allevi-
ate possible negative influences by improving organic man-
agement techniques and/or by improving planning.

Projections on Climate Change and its Ef-
fect over Mediterranean and Turkey

Various reports on climate change and all regional climate
models agree on the Mediterranean Basin as the region
most severely affected by global change drivers (Anony-
mous, 2010a; Sala et al., 2000). Agriculture and agri-indus-
try are important influential forces in Mediterranean e-
conomies for food security as well as non-food production
and persistence of related sectors e.g. tourism, textiles. In
addition to the climate change scenarios, the pressure of e-
conomic and demographic growth on natural resources and
food production have increased concern among the Region
leading to changes in awareness for environment and pro-
duction systems. In the Mediterranean region, environmen-
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tally friendly production systems having agricultural, di-
etary and environmental variables are promoted. In this re-
gard, an assembly of ministers declared that ‘agriculture
and food are areas of strategic importance for societies, e-
conomies, regions and cultures’ (Anonymous, 2010a).
World rediscover the importance of agriculture and make it
a priority at the local, national and international level.

Starting in 2010, Spain followed by Italy became the two
leading countries in Europe in terms of surface area man-
aged and certified as organic. During discussions of how a-
griculture may contribute to GHG emissions or during de-
veloping mitigation strategies, several benefits of organic
agriculture have been displayed. Organic agriculture con-
tributes to sequestration of carbon, emits less N2O from ni-
trogen application since there are limitations for nitrogen
input and thus lessens the emissions. Additionally less N2O
and CH4 are emitted from biomass waste burning because
waste management is a part of on-farm in-put use strategy.
It requires less energy due to ban or limited use of synthet-
ic fertilizers and pesticides. Consumption habits are known
to focus more on local and seasonal supplies that addition-
ally reduce GHG emissions. Indigenous knowledge is val-
ued more in management for mitigation of adverse climat-
ic conditions (Müller and Davis, 2009; Niggli et al, 2007;
Jordan et al., 2009; Leu, 2009). Niggli et al (2009) put
forth the huge potential of organic agriculture in fulfilling
the recommendations of the IPCC Fourth Assessment Re-
port and future food security. They recommend including
this potential in further climate change mitigation strate-
gies in agricultural production. Planning and preparing the
future of Mediterranean agriculture is more crucial due to
its fragile nature with severe climate change warnings and
therefore, planning must consider various factors and the
complex interactions among these factors that further af-
fect the decisions on land and water use, the choice of
crops, production systems, markets and social dynamics
(Anonymous, 2012).

For Europe, projected rainfall changes are quite complex
however in general, for all scenarios, mean annual precipi-
tation increase is projected for northern Europe and de-
creases in the south. Besides, the change in precipitation
will vary significantly from season to season and across re-
gions. Climate change will pose two major water manage-
ment challenges in Europe: increasing water stress mainly
in southeastern Europe, and increasing risk of floods
throughout most of the continent. Summer precipitation
would decrease substantially (in some areas up to 70% in
the SRES A2 scenario) in southern and central Europe. P-
resence of enhanced anticyclonic circulation in summer
over the north-eastern Atlantic creating a low pressure area
over eastern Europe. This structure redirects storms north-
ward, causing a considerable and widespread decrease of
precipitation (up to 30–45%) over the Mediterranean Basin
and western and central Europe. Reduction in rainfall fre-
quency projected for some Mediterranean regions will

worsen drought conditions, and has been observed in the
eastern Mediterranean (IPPC, 2007). 

It is projected that climate change will have a range of im-
pacts on water resources. Annual runoff decreases in central,
Mediterranean and eastern Europe are projected. In southern
Europe (south of 47°N), runoff is projected to decrease by
0–23% up to the 2020s and by 6–36% up to the 2070s. Ground-
water recharge is likely to be reduced in central and eastern Eu-
rope (Eitzinger et al., 2003), with a larger reduction in valleys
and lowlands with differential effects on reduced productivity
of Mediterranean Basin shrub and tree species (Ogaya and
Peñuelas, 2003). Drought may also act indirectly on plants by
reducing the availability of soil phosphorus (Sardans and
Peñuelas, 2004). With global mean temperature increase of
1.8°C, between 60 and 80% of current species are projected not
to persist in the southern European Mediterranean region
(Bakkenes et al., 2002). The Fourth Evaluation Report indicat-
ed 1°C - 2°C increase in temperatures in the Mediterranean
basin thus aridity and reduction in biodiversity will be a prob-
lem of wider areas. Heat waves and the number of very hot
days will increase especially in inland regions. In Turkey, tem-
perature increases are estimated around 2.5°C - 4°C, reaching
up to 5°C in inner regions and up to 4°C in the Aegean and
Eastern Anatolia (IPCC, 2007). In the Mediterranean Basin,
mountain species show high risk (Thuiller et al., 2005). De-
layed flowering and reduced flower production of Mediter-
ranean Basin shrub species are also projected under drying s-
cenarios (Ogaya and Peñuelas, 2005). Increased summer tem-
peratures affect fruit set negatively. Irregular and longer rainfall
if coincide with flowering period will reduce fruit set in many
fruit species that bloom during spring season.  

Turkey as an eastern Mediterranean country is among the
countries that will be most impacted by climate change.
Turkey’s First National Communication on Climate Change
prepared in 2007 foresees, increasing summer tempera-
tures, decreasing winter precipitation in western provinces,
loss of surface water, increased frequency of droughts, land
degradation, coastal erosion and floods. Summer tempera-
tures are expected to increase especially in the West. Win-
ter and spring precipitation are foreseen to decrease in
South and West (40 %) and only 5 % in other regions. The
precipitation levels will increase in the North. In Turkey,
temperature increases are estimated around 2.5°C - 4°C,
reaching up to 5°C in inner regions and up to 4°C in the
Aegean and Eastern Anatolia (IPCC, 2007). 

Talu et al (2010) summarize various studies that simulate
climate change scenarios for Turkey or the wider region.
The findings show that surface temperature will increase s-
lightly all over Turkey for the 2011-2040 period as less than
0.5 °C in winter and 1.0 °C in summer. Significant increas-
es will appear in the second period (2041-2070) as 1.5 °C
in winter and 2.4 °C in summer. The increases will be ele-
vated towards the end of the century. The Eastern region
will have more rises in temperatures in winter, and South-
ern and South-Eastern parts in summer. For the last period
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(2071-2100), the summer temperature will increase around
6 °C in south-eastern and south-western Turkey whereas
around 3°C in the Black Sea and Marmara regions.

Demir et al (2008) using Regional Climate Model, PRE-
CIS (Providing REgional Climates for Impacts Studies) re-
port that the expected climate change for Turkey in 2071-
2100 would be:
– Similar increases in both maximum and minimum tem-

peratures,
– 5-6 °C increases in mean temperatures in coastal regions,
– 4-6 °C increases in winter temperatures in the east,  
– 6-7 °C increases during summer in the Aegean and 7-8

°C in the more continental parts, 
– The precipitation decrease up to 40 % in the West and

only 5% in the east and north-east,
– Major decrease in winter precipitation in the West and

South,
– Snow depth lessen in the Eastern and the Eastern Black

Sea regions,
– Water loss to be more significant in Southern Marmara,

Aegean, Eastern Black Sea, North of Southeastern Ana-
tolia regions and along the Taurus Mountains, 

Changes in snow melt regimes will affect river flows. The
main threats are expected as drying out of Gediz and Big
Meander rivers in west Turkey (Talu et al., 2010). The ex-
pected shift in climatic conditions will not only affect the
crop choice, biodiversity, farming system and land and wa-
ter use preferences but will significantly affect food pro-
duction and socio-economic conditions including tourism
in Turkey (Şen et al., 2012).

According to 2008 figures, the total GHG emissions of
Turkey total to 336.5 million tons of CO2 equivalent. Agricul-
ture contributes to 7 % of total emissions. The share of GHG e-
missions in Turkey are reported as 81.5 % CO2, 15.6 % CH4,
1.9 % N2O, and 1 % F. 59 % of CH4 emissions result from
waste burning and 31 % from agriculture. 72 % of N2O emis-
sions come from agricultural activities (Anonymous, 2009b).
According to the European Environment Agency (2011) emis-
sions of GHG almost doubled in Turkey between 1990 and
2007, increasing in all sectors except agriculture. The increase
resulted mainly due to high economic and population growth
that resulted in increasing energy demand and energy produc-
tion. Turkey responded to Kyoto protocol rather late due to its
specificities. The law related to Kyoto Protocol was accepted in
the Turkish Parliament on 5 February 2009, and Turkey be-
came officially a party on 26 August 2009, however a number
of sectoral policies on mitigation have been initiated even be-
fore ratification (Anonymous, 2009a).

Turkey and Current Status of Organic Agri-
culture 

Turkey has a surface area of 783 562 km2 about 280 000
km2 devoted to agriculture and 230 000 km2 to forests. Grass-
land and rangeland occupy 18 % and the remaining 20 % is
used for other purposes. 31 % is cultivated however nearly ¾

are threatened by erosion risk. The overall average altitude is
1100 m asl. Turkey is affected also by pressure systems orig-
inating from polar and tropical regions. The diverse geogra-
phy results in different agro-climatic zones, rich biodiversity,
and variable socio-economic conditions (Anonymous, 2007).
Anatolian peninsula, the Asian and major part of Turkey is
surrounded by sea from three sides. The coastal areas and riv-
er basins in the west and south have typical Mediterranean cli-
mate. North-eastern Black Sea region is characterized with
mild climate and heavy rainfall whereas central and eastern
Anatolia have continental cold temperate climate. Seven main
agro-climatic zones with various microclimates promote nat-
ural and agro biodiversity and plant production. Agriculture
consumes 75 and 30% of total and renewable water resources,
respectively, and the efficiency is low. The share of agricul-
ture in water use is expected to increase to 72 % by 2023. The
annual per capita water availability was 1430 m3 in 2008,
based on the 2008 population figure of about 72 million,
availability is estimated to decline to 1000 m3 per capita per
year by 2030 for an expected population of 100 million,
which means that Turkey will face ‘water scarcity’ (Kibaroğlu
et al., 2011). More than 30 million live around the sea coasts
thus any negative change will have direct impact on regional
economy and everyday lives. Agriculture and agri-industry
(textiles, food) has a significant share in Turkish national e-
conomy. Tourism as an end user of agri-food production is a
leading sector in Turkey.

Organic agriculture developed in Turkey since mid-1980s
based upon the demand of the enlarging European market.
At the initial stage, low-input systems of traditional crops
(e.g. grapes, figs, apricots, hazelnut and cotton) were con-
verted to organic management to supply the demand. Since
1994, competent authority is the Ministry of Food, Agricul-
ture and Livestock, and organic agriculture is practiced ac-
cording to legislation which is harmonized with the Euro-
pean Union legislation e.g. EC 2092/91 and later with EC
834/2007 and further amendments. Till today, major organ-
ic products continue to come from plant production, tradi-
tional dried fruit, nuts and olive ranking in the first places
(Table 1). Organic certification of animals and their prod-
ucts except organic bee keeping started to enhance only
during the last years (Table 2).  Organic medicinal and aro-
matic plants are collected mainly from the mountain series
in the south and west of Turkey (Table 3). Among perenni-
als, apple, pomegranate and sour cherry are used for pro-
cessing namely juice extraction (Table 4). Parallel to the de-
velopment of the domestic market, product range is widen-
ing including fresh fruit and vegetables, animal products
and non-food commodities e.g. textiles and cosmetics.

Expected Effects of Climate Change on Turk-
ish Organic Agriculture

The impact of climate change on organic agriculture will
vary significantly according to the regions. During the
2011-2040 period, water availability with slight tempera-
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ture increases will be a major problem especially in the
western and southwestern part of Turkey where many
perennial fruit crops are grown either as rain-fed or under
irrigation (e.g. grape, mandarins, plum) as organic (Table
4). Yield and to a certain extent quality decreases may be
expected in rain-fed organic production of olives, figs,
chestnut, pine nut, and grapes due to drier conditions in the
west. Beekeeping and organic honey production displays an
increasing trend in the southwest of Turkey and will be af-
fected with the changing climate and consequent loss of
biodiversity. The southwestern Turkey has a significant
share in medicinal and aromatic plants harvested from wild.
The species that will be prone most are carob and daphne
(bay) leaves collected from this region. On the other hand,
irrigated organic vineyards will be exposed to severe
drought conditions as a consequence of reduced flow in
Gediz river and lower underground water tables. These ef-
fects will tend to worsen during the second half of the 21st

century (Figure 1). The irregularities in spring rainfall

regimes will affect pollination and fer-
tilization negatively which in return
may reduce fruit set in case precautions
are not placed properly. There are vari-
ous other agronomic or economic is-
sues to be analyzed as sudden tempera-
ture shocks, changes in UV fractions or
the costs incurred with proposed tech-
niques while planning researchwork to
mitigate expected changes.

The current organic management of
above mentioned species mainly rely
more on low or no-input systems where
soil management does not receive spe-
cial attention. To overcome the expect-
ed effects of climate change there is a
need to adopt new rootstocks and s-
cions resistant to the changing climate.
One advantage of the traditional agri-
culture is the presence of varieties that
are well adapted to the local conditions.
A study on fig varieties revealed that
Sarılop (syn. Calimyrna), variety used
for commercial sun-drying in western
Aegean Region for centuries has higher
water use efficiency compared to other
fig cultigens adapted to other climatic
conditions (Can et al., 2000). The man-
agement skills developed through cen-
turies by the fig farmers in the Aegean
Region allow mitigation of drought by
regulating fruit set through the number
of male figs hung onto female trees. If
the winter rains are not adequate for op-
timal development of the seasonal
shoot, the farmers reduce fruit set in or-
der to obtain less number of fruit but

bigger in size. The expected climatic changes will have
more impact on perennial species whether cultivated or har-
vested from wild since annuals may adapt within short
terms through changing the vegetation periods (e.g. early or
late production) and/or the species/varieties (e.g. with high
water use efficiency, shorter vegetation).        

The South east (GAP) Region is expected to be the sec-
ond-most affected region, especially towards east (Figures
2, 3). The Region has been subject to intensive irrigation
projects and thus a change in land-use and crop pattern. Or-
ganic agriculture is seen as an opportunity to preserve the
natural resources namely land and water. The GAP admin-
istration carries out a project to promote an organic food
and textile cluster. Irrigated organic cotton production has
increased during the last decade mainly in a short-term ro-
tation with cereals/legumes. The shortages in water re-
serves will affect the production patterns. Pistachio nut and
pomegranate are the two fruit species that are grown most-
ly as rain-fed and thus will be affected the most with the
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Table 1 - Organic Plant Production in Turkey (2010).

Source: www.tarim.gov.tr * Fresh + Dry produce.

 honey

Table 2 - Organic animal production (2010).

Source: www.tarim.gov.tr.
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changing climate. In establishing new or-
chards, varieties need to be selected ac-
cording to the expected climate scenarios.
Selection of the appropriate rootstock will
also become an important issue for pista-
chio besides management techniques. 

Central Anatolia which is known as
the ‘cereal store of Turkey’ will be also
under high risk due to lowered water ta-
bles and reduced river flows. Even if
the share of the Region in national or-
ganic production is low, there are new
large-scale organic projects foreseen in
Konya under irrigation that needs to
consider climate change effect during
planning the future activities. On the
other hand, Marmara Region is expect-
ed to be the least affected with the cur-
rent climate change scenarios.

The Black Sea Region which lies a-
long the Black Sea coast shows varia-
tions in respect to climate change. The
projections show that Central Black
Sea Region will receive lower rainfall
and the river flows will be reduced (Şen
et al, 2012) (Figures 3 and 4) posing
drought risk especially for summer
vegetables and hazelnut production.
The North- Eastern Black Sea Region
will bring more favorable conditions
with no significant threats especially
for organic hazelnut or tea production.
Risks are foreseen due to off-season,

sudden and heavy rainfall leading to floods in-
creasing erosion and loss of nutrients especially
on the slopes. The soil properties in the region
display low soil N levels and low soil pH there-
fore there will be a need for better soil fertility
management. Organic honey production is going
to be a major activity and the changes should be
monitored closely. 

East Anatolia that possess cold temperate cli-
mate is expected to get milder with increasing
temperatures therefore organic fodder and cereal
production, extensive animal husbandry and bee-
keeping may profit with the changing climate.
The grazing period may be extended leading to
the challenge of better manage of meadows. The
major risk in the Region could be on sun-dried
apricots especially grown as rain-fed on slopes in
Malatya or neighboring provinces. 

Recommendations and Conclusion
The Fourth Assessment Report of the Intergov-

ernmental Panel on Climate Change (IPCC)
made important recommendations on how agri-
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Table 3. Organic products from wild harvest (2010).

Source: www.tarim.gov.tr.

Table 4 - Organic fruit production (2010).

Source: www.tarim.gov.tr
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culture could mitigate GHG emissions (IPPC, 2007). These
recommendations include: ‘crop rotations and farming sys-
tem design; nutrient and manure management; livestock
management; pasture and fodder supply improvement; fer-
tile soil maintenance and restoration of degraded land’. Or-
ganic practices are well suited to enhance plant and animal
productivity and efficiency especially if practiced with a fo-
cus on reduced reliance on external inputs. Through imple-

mentation of these practices, organic agricul-
ture increases the ability of the farming system
to function even when faced with the adverse
effects of climate change by increasing re-
silience within the agro-ecosystem to tempera-
ture extremes, drought and soil erosion. (Niggli
et al, 2009). The current need in Turkish organ-
ic agriculture appears to be changing the con-
cept of ‘replacing inputs from conventional to
organic’ present in many farmers or even tech-
nical staff to a smarter organic management
system. Such good practices should include an
efficient design of the farm and its environment
and on-farm inputs. Mitigation of climate
change is primarily achieved through long es-
tablished and locally optimized organic farming
practices. Locally adapted species/varieties, di-
versification, integrated plant-animal produc-
tion, multifunctionality, short market channels
and integration of local knowledge in practices
seem to be the keywords and concepts that re-
quire more attention in Turkey. 

Due to the prevailing climatic conditions and
long history of conventional practices, low soil
organic matter content is a problem in many re-
gions of Turkey. Thus, enhancing soil biologi-
cal processes, the proportion of vegetation cov-
er and soil fertility and structure, and creating
organic matter in forms that are more effective

at producing soil carbon will become more important. Re-
search on developing good/best practices in organic agri-
culture to mitigate effect of climate change is necessary.
Drought resistant species/varieties (higher WUE, higher
PUE) of both cultivated and wild plants and new more
adaptive minor species must be developed. More precise
scientific findings should be put forth based upon long-term
evaluations under organic management. Land abandonment

can be a problem in some regions which may
further facilitate forest recovery and natural
flora. Changes in land use need to be moni-
tored closely, as well. 

The Turkish State Meteorological Service
(www.mgm.gov.tr; www.meteor.gov.tr) of
the Ministry of Forestry and Water Works
collect and disseminate agro-climatic data
including impact of seasonal climatic condi-
tions which may guide future research how-
ever more detailed, sound, and up-to date da-
ta and easily accessible monitoring system
need to be developed. The strategies for cli-
mate change mitigation should be developed
at regional level with a priority on major
crops. To widen knowledge base, interdisci-
plinary courses must be initiated at different
levels. Training of trainers and farmers for
possible effects of climate change and pro-
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Figure 1 - Projected changes (over 1961-1990 period) in precipitation (%) for win-
ter (left column) and summer (right column). The projections are based on the A2
scenario simulation of the ECHAM5 general circulation model (Talu et al., 2010).

Figure 2 - Annual maximum temperature change (°C) over Turkey (Şen et al., 2012).
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9

Figure 3 - Annual total precipitation change  over Turkey (Circles inserted by authors show possible areas that will be affected by drought, stra-
ights at first and broken lines at the second rank) (Şen et al., 2012).

Figure 4 - Share of provinces based on organic certified land (ha) (2008).
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moting exchange of knowledge and information among
similar agroecological zones are also recommended to in-
crease mitigation capacity of organic agriculture.
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