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Non-technical Executive Summary
Climate change is leading to increased water scarcity and drought in Turkey. This has
implications for the Turkish dairy sector, in terms of production disruptions and raw material
shortages, because many of the production processes along its value chain require large
amounts of water. This makes the sector dependent on water resources and vulnerable to
water-related challenges now and in the future.
This report has mapped the Turkish dairy sector’s water demand and assessed how waterrelated challenges could disrupt dairy production and supplies of key ingredients that it
depends on. Water scarcity, drought, seasonal and inter-annual water variability are
identified as the key-water challenges for the sector. This report reveals where potential
vulnerabilities of the Turkish dairy sector’s water sustainability and economic stability exist
and identifies which stages of production could be most impacted by the water challenges in
the near- and longer-term future.
The study finds that the Turkish dairy sector is particularly vulnerable to water scarcity and
seasonal water variability impacting production, the supply of agricultural commodities and
consequent price volatilities related to shortfall in feed crops (see Figure A). In the near
future, supplies of feed crops such as maize, barley, sunflower and wheat are most likely to
be affected because they come from areas with significant or severe levels of water scarcity.
In the longer term, these products will be impacted further as climate change alters rainfall
patterns and thereby increases the risk of drought or other water-related problems in the
provinces of production. The findings presented in this report aims to inform stakeholders of
dairy production and provide data needed to develop effective strategies to combat or
prevent water related challenges.
Figure A: Vulnerability of the Turkish dairy sector to water-challenges .
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The potential damage caused by water challenges to the Turkish
dairy sector can be significant: a sharp drop in water availability in the
near future is expected, followed by recovery based on more expensive
animal feed. This will result in severe price fluctuations for raw material
prices of dairy products.

The Turkish dairy sector’s water demand
The dairy sector in Turkey uses approximately 16.5 km3 of water for all cow’s milk related
products annually1. Around 80% of this water comes from rainfall, which means that the dairy
sector is highly dependent on rainfall patterns in production locations. One third of the water
that the sector depends upon comes from nine provinces: İzmir (6.3%), followed by Konya
(6.2%), Erzurum (3.8%), Balıkesir (3.3 %), Diyarbakır (3.3%), Aydın (2.8%), Denizli (2.6%),
Kars (2.3%), and Şanlıurfa (2.3%).
Most of this water demand, in terms of the water embodied in dairy products, is for feed
crops (98%), followed by industrial processes (2%). This means that the sector is particularly
vulnerable to lack of water availability, affecting supplies of agricultural commodities from
these nine provinces.
The water footprint, or the amount of water used to produce 1 litre of cow’s milk in Turkey is
806 litres on average (see Figure B for water footprint of cow’s milk per province in Turkey).
The water footprint of some other dairy products largely consumed in Turkey are: 2,300 litres
per kg of white cheese, 1,080 litres per kg of yogurt, and 4,850 litres per kg of butter.
Water Footprint of 1 litre milk in Turkish provinces
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Figure B: Water footprint of 1 litre of milk in Turkey per province (in litres).
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Green and blue water footprints of the Turkish dairy sector. The green water footprint is the amount of rainfall used to water
grow crops. It is used to assess vulnerabilities due to drought. The blue water footprint is the water from lakes, rivers and
aquifers used to irrigate crops. It is used to assess vulnerabilities due to water availability.

Water scarcity and its seasonal variability is likely to disrupt dairy production
in Turkey
In the near future, some production stages of the dairy value chain in Turkey could be
disrupted due to water scarcity in production locations; a large portion of the water used in
producing feed crops and during milk processing comes from areas with significant levels of
water scarcity. This means that surface and groundwater resources are already seriously
depleted and that there is too much competition for the remaining available water in those
areas, particularly in Konya and İzmir.
Around 95% of dairy products are produced in locations categorized as “highly vulnerable” to
seasonal water variability. Thirty-six percent of dairy products are produced in locations
which are “highly/extremely” vulnerable to water scarcity. Almost all the dairy products
produced in Konya, İzmir, Aydın and Diyarbakır are sourced from locations with high levels of
water scarcity (see Figure C).
Water scarcity vulnerability – historical

Water scarcity vulnerability – 2050, climate change

Figure
C Vulnerability maps of the Turkish dairy sector to water scarcity now and under climate
change (2050).

The dairy sector is vulnerable to changes in rainfall
Under the current climate conditions, around 95% of the dairy production in Turkey comes
from locations with low to moderate drought severity. The rest (5%) of the production
originates from locations experiencing high drought severity. This will be significantly altered
in the future due to new conditions caused by climate change. By 2050, 79% of dairy
production will come from locations with low/moderate drought severity and around 21% of
production will come from areas that will experience high and very high drought severity.
Drought vulnerability levels amongst large dairy producers in İzmir, Erzurum, Balıkesir and
Diyarbakır are already categorized as high. Climate change will make these large producers
even more vulnerable to drought conditions due to the increased intensity and magnitude of
agricultural drought in future. Drought severity in the western and southern parts of Turkey
will also worsen by 2050. Dairy production in Karadeniz, Doğu Anadolu and Kuzey-İç
Anadolu are the least vulnerable regions to drought conditions and will be even lower under
climate change (FigureD).
Drought vulnerability - historical

Drought vulnerability 2050, climate change

Figure D: Vulnerability maps of the Turkish dairy sector to drought severity now and
under climate change (2050).

Climate change will impact the sector significantly, immediate action is needed
Although the immediate risks to the Turkish dairy sector are due to current water scarcity
levels, climate change induced disruption to rainfall patterns in the large producing provinces
will have a far greater impact on the sector. Lack of rainfall can lead to drought. Prolonged
drought can increase demand for additional water for irrigation. This, in turn, exacerbates
water scarcity and reduces the amount of water available, leading to increased competition
for the resources that remain.
One of the other key outcomes of this study is that the vulnerability of the sector to drought
will sharply increase within the next twenty to thirty years (by 2050, representative of the next
thirty years) for some key production regions. This suggests that immediate action is needed
to mitigate the possible negative impacts of climate change. Adaptation is necessary at all
levels of decision making and options, such as sourcing from other regions and investing in
new market areas, supporting specific regions with efforts to reduce their vulnerability and
become more drought resilient, or using alternative feed products, should be considered on a
case by case basis.

İzmir and Konya are the most vulnerable provinces to water challenges
Two provinces in Turkey produce more than one million tonnes of cow’s milk annually: İzmir
and Konya. Consequently, these two provinces are the most sensitive ones to water
challenges in Turkey both under current and changing climate conditions.
Drought severity in some parts of Konya, around 45% of its surface area, is very high to
extremely high, whereas only 15% of İzmir experiences high drought severity (areas
represented by the dark red colour in the figure). On average, drought severities in Konya
and İzmir will increase by 20% and 34% by 2050 respectively.
Climate change will make İzmir drier than it is today, causing longer duration of droughts and
an increase in frequency. This could disrupt feed supply, availability of grass and roughage
for cattle and may reduce milk yields. Climate change could impose negative impacts on
livestock productivity in addition to deteriorated water resources, poor quality of feed and
make livestock more prone to diseases.
Heat stress in livestock due to rising temperatures in Konya and İzmir could lead to an
adverse impact on milk production as well. Due to increased drought conditions, the lactation
period of dairy cattle could also shrink. Consequently, milk production quantity and quality
will most likely decline.

Northern Anatolia and Eastern Anatolia will be strategically important
for the dairy sector in future. Water availability is high, current waterrelated challenges are low and these regions will not be negatively
impacted by climate change.

Strategic recommendations for the dairy sector
To assist Turkish dairy producers and increase awareness of the risks that water challenges
and climate change pose for the agri-food business, this report offers five strategic
recommendations to reduce the Turkish dairy sector’s vulnerability to water challenges:
1. Capacity building for farmers about water use, management and climate change;
2. Investment in irrigation efficiency and drought resilience in the farming of feed crops;
investment in water reuse and recycling;
3. Investment in and shifting production to water rich areas, particularly to the Northern
and Eastern Anatolia regions, in future;
4. Provide better access to information on climate change impacts and the associated
financial risks for key sensitive production stages;
5. Use water-smart, Artificial Intelligence based, technologies for weather-prediction and
promote use of weather-based information tools among producers, particularly
amongst farmers. These smart technologies act as early-warning systems about
drought conditions, irrigation requirements and real-time knowledge about water
availability.

1 Introduction
Water is crucial for the economy. Virtually every economic sector, from agriculture, power
generation, manufacturing, food and beverage and apparel to tourism, relies on fresh water
to sustain its business. Yet water is becoming scarcer globally, and every indication is that it
will become even more so in future due to changing climate. Decreasing availability,
declining quality, growing demand and competition for water are creating significant
challenges for farmers, manufacturers and businesses. These problems are already causing
decreases in companies’ water allotments, shifts toward full-cost water pricing, more
stringent water quality regulations, growing community opposition, and increased public
scrutiny of corporate water practices.
The dairy sector touches everyone’s lives through food, milk and nutritional products, yet the
sector not only has an impact on people's lifestyles, it also has an impact and depends on
water resources. Its production relies heavily on water from raw materials (e.g. feed crops) to
industrial processing stages. For example, on average 1,000 litres of water is required to
produce 1 litre of milk globally, most of which is used for the cultivation of feed crops [1]. This
water dependency also means the dairy sector is vulnerable to water challenges such as
water scarcity, droughts and water pollution in production locations. These challenges can
manifest themselves as raw material shortages or price increases (e.g. feed), reduced water
quality and quantity for animal consumption, milk cooling, cow cooling, milk processing and
dairy manufacturing [2,3]. Next to reduced availability, heavy rainfall and excessive water can
disturb dairy production as well, such as in the case of floods affecting manufacturing,
transportation infrastructure or water-soaked grazing lands [4].
Turkey has long been an agricultural land, generating 6.5%2 of GDP from this sector and
employing 17% of its working population3. Turkey is the world's largest producer of
hazelnuts, figs, apricots and raisins, also a large producer of fresh vegetables and grapes,
wheat, and cotton [5]. The dairy industry is an economically important sector in Turkey as
well, not only in terms of agricultural production but also from the perspective of dairy
processing, retail and distribution.
The dairy sector in Turkey constitutes a vital role in people's diets as well. Even though
consumption of fresh milk is not high, Turkish people consume large quantities of yoghurt
and cheese in households. Around 21 million tonnes of milk (91% of it is cow’s milk) were
produced in Turkey in 2018 [6]. The largest milk producer provinces in Turkey are Konya,
İzmir, Erzurum, Balıkesir, Diyarbakır, Aydın and Kars (with over 500,000 tonnes of milk
production in each province) (Figure 1).

Ministry of Agriculture of Turkey, https://www.tarimorman.gov.tr/SGB/Belgeler/Veriler/GSYH.pdf, 2019
values.
3 Türkiye Sınayi Kalkınma Bankası, http://www.tskb.com.tr/i/assets/document/pdf/isgucu-istatistikleri-ocak2019.pdf, January 2019.
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Figure 1: Milk production map in Turkey (cow’s milk), in tonnes, average of 2004-2018.
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Annual production of 21 million tonnes of milk in Turkey means use of approximately 18 km 3
of water in production4. This refers to around 4% of the annual volume of water in Turkey
resulting from precipitation [7]. As a semi-arid country, Turkey has limited water resources.
The amount of usable water per capita in the country is around 1,500 m3. Around 39% of the
water available in Turkey, 112 billion m3 (surface and ground water), is consumed by its
economic sectors. 73% of this water consumption is used for irrigation, 16% for domestic
water use and 11% in industry [8]. According to the figures, Turkey is neither a water-poor
nor a water-rich country but definitely a water-stressed one. Water demand in Turkey has
roughly doubled in the second half of the last century. The overall water demand in the
country continues to increase even more due to the effects of drought (and climate change).
Recent reports and scientific studies show that Turkey may suffer from severe water scarcity
in the next years and decades [9].
Turkey’s economy is vulnerable to climate change as well, which will cause increased
intensity and frequency of extreme weather events such as droughts and floods. For
example, a recent study showed that the vulnerability of agriculture to drought in the Batı
Akdeniz River Basin will increase by 40% under climate change [10]. Other studies also
reveal that the Mediterranean climate zone of Turkey, including the southern and western
parts of the country and snow dominated eastern part will be the most vulnerable regions to
climate change [11,12]. This could have a significant impact on the dairy sector through:
i.
ii.
iii.
iv.
v.
vi.
vii.

4

decreased amount of water available for feed production, cattle raising and the
manufacturing processes;
deteriorated quality of available water;
reduced quality of feed produced, increased feed crop prices and shortages of
supply;
drying of grasslands, decrease of forage quality and quantity;
increased animal heat stress, leading to a decrease in milk efficiency;
increased water demand in feed crop production and animal water use;
increased risk of flooding events and associated disruption of production.

Own calculations, please see section 2.1

In recognition of these challenges, particularly related to the impact of water availability on
sustainable growth of the dairy sector in the near future and coming decades, ASU-DER
(Packaged Dairy Producers Association of Turkey) has been working together with Water
Footprint Network to quantify and map water dependency of the sector. This will enable
ASU-DER to identify the dairy sector’s vulnerability to water-related challenges enabling it to
better respond to water-related risks and climate change, create opportunities for the sector,
as well as to position itself as a market leader in sustainability.
This report, which aims to assess vulnerabilities of the Turkish Dairy sector to water
challenges and to provide recommendations to overcome these challenges under a changing
climate, is part of this effort.
Box 1. Vulnerability to water challenges and its components
Vulnerability: refers to the degree to which dairy production is susceptible to, or is unable to cope with
the adverse impacts of water challenges such as drought, water scarcity and flood both under current
climatic conditions and climate change along its supply chain. There are three dimensions
of vulnerability: exposure, sensitivity, and adaptive capacity.
Exposure: refers to water challenges (with a high degree of severity) in production locations. In this
report, drought severity, water scarcity, seasonal water variability, inter-annual water variability,
groundwater decline and flood damage are taken as exposure elements.
Sensitivity: refers to how sensitive the dairy sector is to water challenges, expressed in terms of annual
water use. The greater the water use is, the more it is affected by water challenges.
Adaptive capacity: ability to cope with the consequences of water challenges. An example of this can
be availability of irrigation infrastructure to compensate extreme drought. This element is not
addressed in this report.

This report first quantifies sensitivity of the Turkish dairy sector to water challenges in
production locations, in terms of water use along its value chain including feed cultivation,
feed production, cattle raising, milk and dairy production. Chapter 2 presents water use
addressed from two perspectives: efficiency (water used to produce 1 litre of milk) and
vulnerability (annual amount of water used). Chapter 3 presents vulnerabilities to water
challenges in production locations in terms of exposure to drought severity, water scarcity,
seasonal water variability, inter-annual water variability, groundwater decline and flood risk.
Recommendations for water efficiency, sustainability and adaptation to climate change are
given in Chapter 4. The last chapter, Chapter 5, provides conclusions and
recommendations for future studies.

2 Water use of dairy sector in Turkey
The dairy value chain has four steps that require large amounts of water: (i) feed crop
cultivation, (ii) feed processing, (iii) cattle raising and (iv) milk processing (Figure 2). Water
use in distribution, retail, consumption and disposal of dairy products are not included in this
report since they are insignificant compared to other parts of the production stages (i.e. less
than 0.1% of the total water use) [13,14].

Green
water use
Blue water
use

High

none

high

n/a

High

Low

Low

Moderate

Figure 2: Dairy supply-chain and relative direct green and blue water use per production
stage. Green water use refers to rainfall use through soil moisture (green water footprint);
blue water use is from groundwater and surface water (blue water footprint).

The largest water use along the dairy supply chain is at the farm, feed cultivation, and cattle
raising level, since growing fodder crops and grazing requires a significant amount of water.
This stage of production is also a significant water polluter via use of fertilizers and pesticides
applied to agricultural lands. Agricultural production (feed crop cultivation) in Turkey uses two
types of water resources: rainfall (soil moisture stored in the agricultural land) and irrigation
(water supplied by irrigation systems). The use of these water resources is also known as
green and blue water footprint of fodder crops, respectively.
Water use in this report is analysed from two different perspectives: efficiency (water
footprint per litre of milk) and vulnerability (annual water use). The annual water use of the
(m3/year) refers to the total volume of water consumed by the sector in a year from a specific
freshwater source. It measures the scale of pressure the sector is placing on freshwater
resources and degree of sensitivity to water challenges such as drought and water scarcity.
For example, if a cheese factory is pumping water from a groundwater aquifer, the annual
water use of the factory shows the amount of water taken from the groundwater. Thus, the
factory is sensitive to any changes in groundwater table levels. Calculating the annual water
use is essential in establishing the vulnerability of the sectors to water challenges within the
context of the relevant fresh water source. It also links the sector’s water use to
environmental sustainability issues, e.g., surface water scarcity or groundwater depletion.
When more water is being consumed than is sustainable, environmental flows in rivers are
not being met or aquifers are being drawn down faster than they are being recharged.

The water footprint per unit of product (e.g. litres of water per litres of milk or per kg of yogurt,
cheese) refers to how much fresh water is consumed during the production of a particular
product. It shows how efficiently the sector is using the fresh water it is withdrawing from a
freshwater source. The water footprint per unit can be higher or lower depending on
practices and technologies used in production; it has no direct relationship with the size of
production. The combination of the annual water use and the water footprint unit of product is
useful in identifying strategic actions that will make the sector less vulnerable to water
challenges, more environmentally sustainable and economically efficient. Method, data and
assumptions used in water footprint calculations are given in Appendix I.
Box 2. What is Water Footprint? What does it show?
Water footprint: refers to the amount of water used in the production of milk (or dairy products)
including all supply chain steps. For example, the water footprint of 1 litre of milk produced in Turkey
accounts for water used in feed crop cultivation, feed preparation, cattle raising and milk (and dairy)
processing. It is a cumulative volume of water used along these processes.
Water footprint: shows the volume of water use and source of water. If rainfall is the source of water
used (only in agriculture), it is called green water footprint. It shows sensitivity to agricultural drought.
If surface and/or groundwater resources are used, then it is called blue water footprint. Water
scarcity and hydrological droughts are related to this blue water use (sensitivity).

2.1 Water footprint of 1 litre of milk in Turkey
The water footprint of 1 litre of cow’s milk produced in Turkey is 806 litres on average5,6.
Around 82% of it is green water footprint, or use of rainfall via soil moisture. Only 18% of the
water footprint is from blue water resources, surface and ground water. The water footprint of
1 litre of cow’s milk produced in Turkey is lower than the world average, which is
approximately 1,000 m3 (

Calculations exclude grey water footprint. The grey water footprint refers to amount of water polluted during
production processes.
6 Calculations are done for the year 2018.
5

Figure 3). The water footprint of some other dairy products largely consumed in Turkey are:
2,300 litres per kg of white cheese, 1,080 litres per kg of yogurt, and 4,850 litres per kg of
butter.
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Figure 3: The water footprint of 1 litre of cow’s milk in the world. Countries marked in green
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The use of green water during the production of cow’s milk occurs only during the feed crop
cultivation and grazing stages, at farm level. The feed crops largely used in Turkey are
clover, sunflower seed, barley, maize (silage) and wheat. The green water use and blue
water footprints of these crops are given in Appendix II. The largest blue water user in the
dairy value chain is feed crop cultivation, representing 95% of the total water footprint,
followed by cattle raising (3%), milk processing (2%) and feed processing (0.02%) (Figure 4).

Feed processing
0.02%
Feed crop
cultivation
95%

Cattle raising
3%

Milk processing
2%

Figure 4: The blue water footprint along the dairy value chain in Turkey (in % of total blue
water footprint).

The water footprint of cow’s milk varies per province in Turkey (Figure 5). The highest is in
Burdur province, with 1,169 litres, and lowest in Batman, with 657 litres. Other provinces with
high water footprints are: Mardin, Kütahya and Artvin (over 1,000 litres). Kilis, Siirt, Ordu,
Samsun, Aydın and Afyonkarahisar are the provinces with the lowest water footprints.
Water Footprint of 1 litre milk in Turkish provinces
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Figure 5: Water footprint of 1 litre of milk in Turkey per province (in litres). The provinces
indicated in the green colours have water footprints less than the Turkish average, and
yellow to red colours have water footprints larger than the average in Turkey.

2.2 Annual water use of dairy production in Turkey

Annual water use in dairy production is a result of two factors: (i) amount of milk/dairy
produced (in tonnes) and (ii) water footprint of 1 litre of milk. Large annual water use means
higher sensitivity to water challenges. For example, if annual green water use for dairy
production in a geographic area (e.g. in Izmir) is high, then the production in the area can be
impacted negatively by a drought event. A possible outcome of this could be a reduced yield
of feed crops, supply shortages and/or increased feed crop prices.
Annual green water use of dairy production in Turkey is approximately 13.5 km3, which is
equivalent to 3% of the total annual rainfall7 in Turkey. Dairy production in Konya province
has the largest annual green water use (781 million m3), followed by İzmir (720 million m3),
Erzurum (592 million m3), Balıkesir (462 million m3), Diyarbakır (345 million m3), Kars, Aydın,
Sivas (approximately 330 million m3 each) and Denizli (323 million m3) (Figure 6). This large
annual green water use means most of the feed crops used depend on variability and
availability of rainfall.
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Figure 6: Annual green water use of dairy production in Turkey, per province (million m3).
Annual green water use refers to the amount of rainfall used during production and shows
how sensitive dairy production is to drought conditions.

Figure 7 presents a comparison between the annual green water use and the green water
footprint per unit of product for Konya, İzmir, Erzurum, Balıkesir, Diyarbakır, Aydın, Kars and
Afyonkarahisar. The thicker green bars indicate the annual green water use for each
province; the corresponding numbers are given in the right vertical axis. The thinner dark
green bars show the green water footprint per litre of cow’s milk in these provinces; the
corresponding numbers are given in the left vertical axis.
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Annual volume of rainfall in Turkey is 501 km3 according to State Hydraulic works (DSI), http://www.dsi.gov.tr/toprak-ve-su-kaynaklari.
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Figure 7: Annual green water use (represented by the thick light green bars in million m 3 on
the right axes) versus green water footprint per litre of cow’s milk (thin dark green bars, in
litres, left axes) in large dairy producing provinces in Turkey.

This comparison shows the sensitivity (annual green water footprint) of each province to
water challenges, in this case drought, and how efficiently they use this water, i.e. how much
they produce per cubic metre of water consumed. This comparison becomes important when
assessing possible opportunities to reduce the vulnerability of dairy production to drought.
The annual green water use (million m3/year) is affected by both the production amount and
the green water footprint per unit of product (m3/ton of 1 litre cow’s milk). In general, a higher
total production amount will result in a higher annual green water use, however, the annual
green water use can be reduced by increasing the efficiency of the water use, i.e., reducing
the green water footprint per unit of product. For example, dairy production in Konya is
currently using green water less efficiently than in Afyonkarahisar – it has a higher green
water footprint per litre of cow’s milk and it has the highest sensitivity to drought severity. If
non-productive evaporation can be reduced through practices such as mulching in Konya
province, then its vulnerability to drought will also be reduced.
Annual blue water use (from groundwater and surface water resources) of dairy production in
Turkey is 2.95 km3, which is equivalent to 2.6% of total available8 water in the country. The
provinces with the largest annual blue water use in the dairy sector are: İzmir, Konya,
Diyarbakır and Aydın with 305, 230, 191, and 128 million m3, respectively (Figure 8).

8

The total amount of water that can be used in Turkey is 112 km3 according to State Hydraulic works (DSI), http://www.dsi.gov.tr/toprak-vesu-kaynaklari.
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Figure 8: Annual blue water use of dairy production in Turkey (in million m3 ). Annual blue
water use refers to the volume of surface and groundwater used during production and
shows how sensitive dairy production is to water challenges such as water scarcity,
seasonal water variability, inter-annual water variability and groundwater decline.

A comparison between the annual blue water use and the water footprint per unit of
production is given in Figure 9. The thick blue bars indicate the annual blue water use for
each province; the corresponding numbers are given in the right vertical axis. The thin blue
bars show the blue water footprint per litre of cow’s milk produced in these provinces; the
corresponding numbers are given in the left vertical axis.
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Figure 9: Annual blue water use (thick light blue bars in million m 3 on the right axes) versus
blue water footprint per litre of cow’s milk (thin dark blue bars in litres on the left axes) in
large dairy producing provinces in Turkey.

Dairy production in Konya and İzmir have the largest annual blue water use however; dairy
production in Konya has a lower blue water footprint per product unit. If the dairy production
in İzmir can increase its water efficiency to the level of Konya, the sensitivity of İzmir to water
scarcity can be lowered by 30% thus decreasing its vulnerability.

3 Vulnerabilities of the Turkish dairy sector to water challenges
The approach to vulnerability used in this study stems from an assertion by Ercin et al.
(2020) that vulnerability is determined by the degree to which a system will experience stress
due to a given pressure, or to a combination of pressures. The vulnerability in this report is
expressed as a function of sensitivity and exposure to hydrological extremes under different
climatic conditions.
Vulnerability to any natural hazard/challenges occurring in a production location depends on:
(i) sensitivity, showing the degree to which it is being affected, and (ii) exposure showing the
size of the hazard or impact. For example, the vulnerability of milk production to drought is
determined by first identifying the size of green water use (in m 3/year) in production. The
sensitivity is then represented by the amount of soil moisture required for production and the
exposure level is represented by the degree of anomalous soil moisture. Together, these
elements determine vulnerability.
The vulnerabilities of the Turkish dairy sector to water challenges were assessed by
elaborating water-related hazard indicators at the production locations. Water scarcity, inter-

annual water variability, seasonal water variability and groundwater decline are taken as
exposure indicators for blue water use in milk production. Drought severity is used as the
exposure for green water use and riverine flood risk is selected for exposure to production
volumes (Table 1).
Table 1: Sensitivity and exposure indicators used in vulnerability assessment.

Sensitivity
Annual green water use
(in m3)

Annual blue water use (in
m3 )

Production volume (in
tonnes)

Exposure indicator
Drought severity (historical)
Drought severity under
climate change, RCP 6.0,
target year 2050
Water scarcity (historical)
Water scarcity under climate
change, RCP6.0, target year
2050
Inter-annual variability
Seasonal variability
Groundwater table decline
Riverine flood risk

Source of data (exposure)
Ercin et al. (2020)
Ercin et al. (2020)

Mekonnen and Hoekstra
(2016)
Ercin et al. (2020)

WRI (2019)
WRI (2019)
WRI (2019)
WRI (2019)

To assess the vulnerability levels that occur in regions that produce cow’s milk, the sensitivity
maps (annual green and blue water use) were overlaid with exposure indicator maps.
Drought severity measures the average length of droughts times the dryness of the droughts
from 1901 to 2008. Drought severity therefore equals the multiplication of length (in months)
and spatial spread (or the number of places in an area) of drought events. Low drought
severity means that drought events are either short in time, affect a small-spread area, or
both. High drought severity implies longer, more frequent and wider-spread drought events.
Water scarcity is the ratio of the total blue water footprint divided by blue water availability. It
is calculated by the availability of blue water runoff generated minus environmental flow
requirements. The classified water scarcity (WS) is defined as low if the blue water footprint
does not exceed blue water availability (WS < 1.0); in this case, environmental flow
requirements are met. Water scarcity is said to be moderate if it is in the range 1.0 < WS <
1.5, significant if it is in the range 1.5 < WS < 2.0, and severe if WS > 2.0. Four vulnerability
levels were defined for the blue virtual water imports corresponding to water scarcity levels:
low (low water scarcity), moderate (moderate water scarcity), high (significant water scarcity)
and very high (severe water scarcity).
Seasonal variability measures variation in water supply between months of the year and
equal to standard deviation of monthly total blue water divided by the mean of monthly total
blue water (1950–2008). The mean of total blue water for each of the 12 months of the year
were calculated, and the variances estimated between the mean monthly values. Interannual variability is the variation in water supply between years. It is calculated as standard
deviation of annual total blue water divided by the mean of total blue water (1950–2008).
Groundwater table decline measures the average decline of the groundwater table as the

average change for the period of 1990–2014. Riverine flood risk measures the percentage of
population expected to be affected by riverine flooding in an average year, accounting for
existing flood-protection standards. Four vulnerability levels were defined for all these
indicators, low (low hazard level), moderate (low-medium hazard level), high (medium-to high
hazard level) and very high (high and extremely high hazard level).
Climate change impacts to milk production were also assessed by looking at drought severity
and water scarcity for the year 2050 using Representative Concentration Pathway (RCP) 6.0
scenario modelling.
The vulnerability levels of the Turkish dairy sector to water challenges are summarized in
Table 2. A low vulnerability level indicates that the negative impact of the water challenge on
dairy production is low. A moderate vulnerability level means the challenge can impact dairy
production but will not cause significant and sudden disruptions or price volatility. A high or
very high vulnerability level means the impact of the challenge will be high and may result in
a shortage of raw material supply (i.e. feed crops), sudden disruption of production or price
volatility for raw materials.

This study finds that the dairy sector in Turkey, overall, is highly vulnerable to seasonal water
variability and moderately vulnerable to drought, water scarcity, inter-annual variability and
groundwater decline in production locations. However, climate change could alter this,
making the sector highly vulnerable to drought and water scarcity in future. The analysis
showed that flooding vulnerability is low.
Table 2: Vulnerability of the Turkish dairy sector to water challenges (the icons represent the
dairy sector as overall, feed crop cultivation, feed processing, cattle raising and dairy
processing, respectively)

Water related
challenges
Drought
Water scarcity
Seasonal water
variability
Inter-annual water
variability
Ground water
decline
Flooding
Climate changedrought
Climate change water scarcity

Moderate
Moderate

High
High

Moderate
Moderate

High
High

Moderate
Moderate

High

High

Moderate

High

High

Moderate

Moderate

Moderate

Moderate

Moderate

Moderate

Moderate

Moderate

Moderate

Moderate

Low

Low

Low

Low

Low

Moderate

High

Moderate

High

Moderate

High

Very high

High

Very high

High

The vulnerability levels vary per supply chain stage of dairy production. This variation was
identified by assessing blue and green water use in each stage of production with the

associated challenge indicator. Of the production stages, feed crop cultivation and cattle
raising are highly vulnerable to drought, water scarcity and seasonal water variability.
Climate change will increase vulnerability levels, for example, all production stages will be
highly vulnerable to water scarcity in 2050.
Overall vulnerability tells us the potential risk of the dairy sector in Turkey to water
challenges, however, it does not reveal how severe the challenge is in various production
locations. To answer this question, the volume of dairy production was overlined with hazard
maps under different climatic conditions. Under the current climate conditions, around 95% of
dairy production in Turkey comes from locations with low and moderate drought severity. The
rest (5%) of the production originates from locations experiencing high drought severity. This
will alter significantly due to climate change in 2050. Under the RCP 6.0 concentration
pathway, only 79% of dairy production will come from locations with low/moderate drought
severity and around 21% of the production will come from areas that will experience high and
very high drought severity (Figure 12).
Currently around 64% of the dairy production in Turkey happens in low and moderate water
scarce areas. The rest of the production (36%) comes from high to very high-water scarce
areas. Similar to drought, climate change will also make the production locations more water
scarce. More than 50% of dairy will be produced in highly and extremely water scarce areas
in 2050. The percentages of production for other hazard severity categories are given in
Figure 10.
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Figure 10: Percentage of volume of dairy production in Turkey categorized by hazard severity
levels at different climatic conditions. CC refers to RCP 6.0 climate change scenario for the year
2050.

Although vulnerability levels of the Turkish dairy sector to most of the water challenges are
moderate, their spatial distribution across provinces differs significantly. For example,
vulnerability levels of the largest milk producer in Turkey, Konya, to water scarcity and
drought conditions are very high. This means in this province, water availability is low,
affected by irregular precipitations and big competition between water users (Figure 11).
Drought vulnerability levels of large dairy producers in Turkey, İzmir, Erzurum, Balıkesir and
Diyarbakır are categorized as high. Climate change will make these large producers more
vulnerable to drought conditions because of increased intensity and magnitude of
agricultural drought events in future. As seen from Figure 11, drought severity in western and
southern parts of Turkey will worsen by 2050. Dairy production in Karadeniz, Doğu Anadolu
and Kuzey-İç Anadolu are the least vulnerable regions to drought conditions and will be even
lower under climate change.

Drought vulnerability

Drought vulnerability 2050, RCP6.0

Water scarcity vulnerability

Water scarcity vulnerability 2050, RCP 6.0

Figure 11: Drought severity and water scarcity vulnerability maps of the Turkish dairy sector
both under current and future climatic conditions.

Water scarcity vulnerabilities are the highest in western and south-eastern parts of Turkey,
particularly in provinces such as İzmir, Aydın and Balıkesir. Since water scarcity conditions
will become even more severe in those regions, dairy production will also become more
vulnerable. In contrast, some provinces show a reduced vulnerability to water scarcity in the
future. For example, provinces in Karadeniz and Doğu Anadolu regions all have low
vulnerability levels under the RCP 6.0 concentration pathway in 2050 (Figure 11).
Figure 12 presents vulnerability level maps for other water related challenges in the Turkish
provinces: seasonal water variability, inter-annual water variability, groundwater table decline
and flood risk. Almost all provinces in Turkey, except the ones in Karadeniz and Kuzey
Anadolu, are high to very highly vulnerable to seasonal water availability. Ege, İç Anodolu
and Güneydoğu Anadolu are highly vulnerable to inter annual water variability as well.
Vulnerability to ground water decline is highest in Konya and İzmir provinces. Flooding
vulnerabilities are low in each province.
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Figure 12: Vulnerability maps of the Turkish dairy sector to seasonal water variability, inter annual water variability, groundwater table decline and flood risk.

3.1 Water challenges in the largest dairy producing provinces in Turkey:
İzmir and Konya
Two provinces in Turkey produce more than a million tonnes of cow’s milk annually: İzmir
and Konya. Consequently, these two provinces are the most sensitive ones to water
challenges in Turkey both under current and changing climate. This section provides
information about water challenges in these two provinces: water scarcity and drought
severity. Furthermore, climate change impacts on drought and water scarcity are analysed.
Konya, the largest milk producer in Turkey, is the breadbasket province for the entire Turkish
population. The province is the supplier of approximately 25% of the wheat, 35% of beet
sugar and 8% of the maize demand in Turkey. The Konya closed water basin has important
underground water potential. Yet, it faced some serious challenges in recent years, such as
overexploitation and pollution due to agricultural production. İzmir is the third largest province
in Turkey and is a hub for dairy production facilities in addition to its cattle farms. The
province has been experiencing water shortages, particularly in urban water supply, due to
unsustainable groundwater use.

Drought severity maps of İzmir and Konya both under current and changing climate are given
in Figure 13. As seen from the figure, both provinces experience moderate to high drought
severity on mean historical climate. Drought severity in some parts of Konya, around 45% of
its surface area, is very high to extremely high whereas only 15% of İzmir experiences high
drought severity (represented by the darker red coloured areas in the figure). On average
drought severities in Konya and İzmir will increase by 20% and 34% in 2050, respectively.
Climate change will make İzmir drier than it is today, causing a longer duration of droughts
and an increase in frequency. This could disrupt feed supply, availability of grass and
roughage for cattle and may reduce milk yields. In addition to deteriorated water resources,
climate change could also impose negative impacts on livestock productivity including poor
quality of feed and prone diseases of livestock. Heat stress in livestock due to rising
temperatures in Konya and İzmir could lead to an adverse impact on milk production as well.
Due to increased drought conditions, the lactation period of dairy cattle could also shrink.
Consequently, milk production quantity and quality may decline.

Figure 13: Drought severity maps of İzmir and Konya both under current (top map) and
changing climate (bottom map) for the target year of 2050 under RCP 6.0 concentration
pathway.

Figure 14 shows water scarcity levels in İzmir and Konya. Current annual average water
scarcity is 2.1 in İzmir and 2.2 in Konya indicating severe water scarcity. This means high
competition for surface and groundwater resources by water users in the provinces, limited
opportunities for feed crop production, disruptions in water supply systems for cooling,
processing, cleaning and service water. The level of water scarcity will significantly worsen
under climate change, where annual water scarcity levels will be 4.0 and 3.5 in İzmir and
Konya, respectively. Such high levels of scarcity could mean dried up rivers and
groundwater, severe water supply disruptions, restrictions on water use and allocation.

current

2050

Figure 14: Water scarcity maps of İzmir and Konya both under current (top map) and
changing climate (bottom map) for the target year of 2050 under RCP 6.0 concentration
pathway.

4 Recommendations
With the Turkish dairy sector being a major water consumer across its supply chain, it must
address the impact of water challenges happening at production locations. A range of
strategic actions can be used, from awareness raising to farmer training, from investments in
knowledge and technologies at the farm and factory level to joining forces to transform the
sector, from establishing policies that secure long-term sustainability to disclosing the current
state and the pathway to be taken to reach the desired future condition. This range of
strategic actions can contribute to the sector’s water stewardship journey and to achieving
sustainably produced dairy products in Turkey.

Moving forward, the dairy sector can use the information provided in this report to identify
strategic actions to be taken at each stage of the value chain, enabling it to move towards
more sustainable water use, for example, by increasing water use efficiency, i.e., thus
reducing the water footprint.
By reducing green water use in feed crop production the dairy sector’s vulnerability to
drought can be decreased. This report recommends the following farm level measures to
decrease the drought vulnerability of the sector:
•

•
•

•
•

Land levelling, contour and ridge farming: Land levelling maintains soil moisture
(either from rainfall, irrigation or both) and reduces unproductive evaporation and
runoff from the field thereby reducing green water use;
Reducing or eliminating tillage on farmlands minimises soil disturbance and, thus,
reduces soil erosion and the runoff of particulate nutrients;
Mulching of farmlands: If mulching is done during the early stage of crop growth when
the crop canopy is minimal, it is effective in reducing unproductive evaporation from
the open land surrounding the crop;
Building farmer capacity: provide farmers with specialised training in best practices
such as those noted above and access to technology enabling them to out-perform
other farmers in terms of yield and water footprint per hectare;
Installation of shades, sprinklers, or evaporative cooling services for animals.

Vulnerabilities of the sector to water challenges related to availability (i.e. water scarcity,
seasonal and inter-annual water variability and groundwater decline) can be reduced either
by increasing water storage in production areas or by reducing blue water use in all stages of
dairy production. This report recommends the following measures be used by the sector to
reduce its vulnerability to water availability challenges.
•
•

•
•
•
•
•
•
•

Promoting drip irrigation systems in feed crop production;
Provide farmers with capacity building in irrigation management options like deficit
irrigation and full irrigation. Deficit irrigation schedules can help achieve minimum
crop yield losses by reducing the amount of water resources needed;
Replacing feed crop composition with less-water intensive crops, i.e. use of soybean
instead of maize as feed;
Use of imported feed crops during severe water scarcity conditions;
Weather-based insurances;
Use of agri-smart agriculture options and introduction of weather-based info-tools;
Water reuse and recycling at each stage of dairy production;
Minimizing feed losses during production and waste of dairy products in consumption;
Increasing water efficiency by using technology during production (e.g. water
recycling and reuse).

The sector can also take strategic action collectively to reduce its vulnerability to water
challenges and climate change, and to achieve water sustainability with the following actions:

•

Engage with NGOs, research entities, universities, river basin organisations and other
collective actions to accelerate improvements in the sustainable use of water
resources and the local water condition. Inefficient water use and management is, in
most cases, a result of a multitude of actions, poor or inadequate information, policies
with divergent aims and weak governance. Addressing these underlying factors can
rarely be done by one party but instead must be done collectively.

•

Community engagement: Engaging with local communities to build awareness of the
actions that farmers are taking, as well as those that they can take individually and
collectively to reduce their own water footprint would be a step toward embedding the
values of water stewardship throughout society. These values will broaden support for
steps taken to improve local water conditions.

•

Policy engagement: encourage coherent and effective regulations, laws and policies
that will support progress toward sustainable, efficient and equitable water use and
management; and

•

Further studies on climate change, extreme weather event impacts on crop
production, feed production and water availability.

The summary of recommended actions to reduce vulnerabilities of the dairy sector to water
challenges per production stage are given in Table 3.
Table 3: Summary of recommended actions to reduce vulnerabilities of the Turkish dairy
sector to water challenges

Production value chain
Feed crop
cultivation

Feed crop
processing

Cattle
raising

Recommendations
•

•
•

restoration of degraded pasture; planting trees and legumes;
sowing drought-resistant grass
water use efficiency through drip irrigation
deficit irrigation management options during drought conditions
intercropping and green manure
mulching application at farm level
awareness raising for farmers about water challenges
capacity building of farmers in water-smart farming
weather-based insurances
spread of weather-based information tools and apps
use of alternative less-water intensive, drought resistant feed
crops
import of feed crops such as soybean
prevention of feed losses during production

•
•

installation of shades, sprinklers, or evaporative cooling services
use of less-water intensive feed crops

•
•
•
•
•
•
•
•
•

Milk
processing

•
•
•
•

increased water storage for seasonal water variability
water efficiency increases via technological advancement
increased water metering
water recycling and reuse

Sectoral

•
•

awareness raising campaigns about sustainable water practices
further studies about impacts of climate change on crop
production
minimizing feed losses and waste
minimizing waste of dairy products in consumption stage

•
•

5 Conclusion
Climate change is leading to increased water scarcity and drought in Turkey. This has
implications for the Turkish dairy sector because many of the production processes along its
value chain use large amounts of water. This makes the sector dependent on water
resources in production locations and vulnerable to water-related challenges.
This report has mapped the Turkish dairy sector’s water demand and assessed how waterrelated challenges could disrupt dairy production and supplies of key ingredients that it

depends on. Water scarcity, drought, seasonal and inter-annual water variability,
groundwater decline and flooding are identified as the key-water challenges for the sector.
The main finding of this study is that the Turkish dairy sector is particularly vulnerable to
water scarcity and seasonal water variability. This could impact production, the supply of
agricultural commodities and lead to consequent price volatilities related to shortfall in feed
crops. In the near future, supplies of feed crops such as maize, barley, sunflower and wheat
are most likely to be affected because they come from areas with significant or severe levels
of water scarcity. In the longer term, these products could be impacted by altered rainfall
patterns due to climate change, thereby increasing the risk of drought or other water-related
problems.
The analysis in this report showed that the most susceptible value chain segment of Turkish
dairy production to water challenges is feed crop cultivation since it requires a large amount
of water to be produced. These susceptibilities are most severe in Konya, Aydın, Balıkesir,
Diyarbakır and İzmir, the largest dairy producers in Turkey. Water scarcity and drought levels
are increasing in the river basins of these provinces due to change in precipitation patterns,
growing populations, changing consumption patterns and poor water governance. This
imposes a high risk to the dairy sector, which increasingly faces water availability and quality
issues in its widely distributed supply chain. Therefore, achieving water sustainability in these
regions is critical for the long-term viability of the sector in Turkey as well as the sustainability
of ecosystems and communities that are dependent the same water resources. The sector
could prioritize its efforts for water efficiency and water conservation in these areas.

Reductions in the consumption and pollution of water resources in the supplychain of the dairy sector, particularly in Konya and İzmir, will lead to greater
water security for businesses along the dairy value chain.

One of the other key outcomes of this study is that the vulnerability of the sector to drought
will sharply increase within the next twenty to thirty years (by 2050, representative of the next
thirty years) for some key production regions. This suggests that immediate action is needed
to mitigate the possible negative impacts of climate change. Adaptation is necessary at all
levels of decision making and options, such as sourcing from other regions and investing in
new market areas, supporting specific regions with efforts to become more drought resilient,
or using alternative feed products, should be considered on a case by case basis. For
example, a dairy company might choose to work together with its suppliers and invest in
building drought resilience in production locations, or it could consider shifting its supply
chain markets to the places where vulnerabilities to drought are expected to be lower in the
future, such as Northern Anatolia and Eastern Anatolia.
To assist dairy producers and increase awareness of the risks that water challenges and
climate change pose to the agri-food business, sectoral organizations like ASUDER can
promote actions towards mitigating the negative consequences that the sector may face by:

•
•
•

•

•

•

•
•

addressing the vulnerabilities identified in the report with the development of sectorwide strategies,
taking the associated water related risks into account when making future
investments;
considering the strategic importance of certain regions, such as Northern Anatolia
and Eastern Anatolia, is likely to increase both potential climate-induced benefits on
water resources in these regions and the possibility of a sustainable supply of raw
materials from these regions;
channelling investments into measures that will, for example, increase drought
resilience and strengthen water governance in order to ensure sustainable, efficient
and equitable water use in key producing regions;
re-directing investments and aid into measures that will enable farmers to invest in
sustainable practices or infrastructure improvements, to expand and diversify their
facilities and to better monitor climate change impacts;
encouraging all dairy businesses that are reliant on water to map their dependencies
and better understand their water related vulnerabilities in order to sustain their
businesses;
providing better access to information on climate change impacts and the associated
financial risks for key sensitive production stages;
building improved networks and partnerships: promoting knowledge-sharing and
creating new opportunities to attract funding and government support for managing
the risks associated with climate change.
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21. Denizli Damızlık Sığır Yetiştiricileri Birliği (2019), Teknik bilgiler, SÜT SIĞIRCILIĞI
İŞLETMELERİNDE KESİF YEM İŞLEME TEKNİĞİ VE KULLANIM ŞARTLARI,
http://denizlidsyb.org.tr/
22. SERKA (2017), Karma Yem Yatırım Fizibilitesi.
23. Ercin A.E, Chico Zamanillo Daniel, Chapagain A. (2019b), Vulnerabilities of the
European Union’s economy to hydrological extremes outside its borders,
Atmosphere 2019, 10(10), 593.

Appendix I: Method and data
Water footprint (water use) calculations

The water footprint is an indicator of how much fresh water is being used to produce goods,
such as milk, in volumes of water consumed and/or polluted. The water footprint/ includes
three components.
•

The blue water footprint is the amount of fresh surface or groundwater used to grow a
crop or produce goods or services. It is the amount of water evaporated, incorporated
into the product or returned to a different location or in a different time from where and
when it was withdrawn.

•

The green water footprint is the total rainfall or soil moisture used to grow plants. It is
relevant for products that include agricultural crops and wood and other forestry inputs;
where it refers to the quantity of water either evapotranspired by plants or incorporated
into the harvested crop, or both.

•

The grey water footprint is a measure of pollution. It is expressed as the volume of water
required to assimilate the pollutant load to meet ambient water quality standards. The
pollutant that requires the largest assimilation volume is referred to as the critical
pollutant and is used to calculate the grey water footprint; if there are both surface and
groundwater discharges, the grey water footprint for each discharge is calculated
separately.

The water footprint can be measured for a single process such as growing olives, for a
product such as a tomato juice, for a producer such as an olive oil processing factory, or for
an entire multi-national company and in this case, the water footprint is measured in volumes
of water per unit of production, e.g., cubic metres per tonne and measures the productivity of
water use.
The water footprint can also measure the total amount of water consumed and polluted by
industry, domestic water supply and agriculture in a geographic area such as a river basin or
a whole country. This is measured in cubic metres per year and can be used to understand
the sustainability of water use.
Water footprint of crop production (feed crops)
The water footprint of crop production WFprod crop,y, per year y, was calculated by multiplying
the crop production volume Pcr,y [tonne/year] per primary crop cr by the average water
footprint of the crop WFcr,c,y [m3/y], and is expressed as:
𝑊𝐹𝑝𝑟𝑜𝑑𝑐𝑟𝑜𝑝,𝑦 = ∑𝑐𝑟
𝑐𝑟=1(𝑊𝐹𝑐𝑟,𝑦 × 𝑃𝑐𝑟,𝑦 )

(1)

The data on crop production Pcr,c,y [ton/year] was obtained from Turkish Statistical Institute
[18].
Water footprint of primary crops
The water footprints of the primary crops was calculated by multiplying average water
footprints for crops based on the period 1996-2005 [1] with a specific scaling factor per crop.

𝑊𝐹𝑐𝑟,𝑦 = 𝑊𝐹𝑐𝑟,𝑎𝑣𝑔1995−2005 ∗ 𝑓𝑠.𝑐𝑟,𝑦

(2)

where WFcr,y [m3/tonne] is the water footprint of crop cr, in year y; WFcr,c,avg1995-2005 [m3/tonne]
is the average annual water footprint of crop cr, for the period of 1996 to 2005, fs,cr,y is the
scaling factor for crop cr in year y.
The scaling factor per crop, fs,cr,y, was calculated based on the change in production per unit
of land per crop for the current study period compared to the production in the period used in
the study by Mekonnen and Hoekstra [1].
𝑓𝑠.𝑐,𝑦 =

𝑌𝑖𝑒𝑙𝑑𝑐𝑟,𝑎𝑣𝑔1996−2005
𝑌𝑖𝑒𝑙𝑑𝑐𝑟,𝑦

(3)

where Yieldcr,y [tonne/hectare] is the yield of crop cr in year y, and Yieldcr,avg. 1996-2005
[tonne/hectare] is the average yield of crop cr averaged over the period of 1996-2005. The
crop yields were taken from Turkish Statistical Institute [18].
Water footprint of dairy products
The water footprint of a product (e.g. cheese) is calculated based on the water footprint of
the input products (milk) that are necessary in the last processing step to produce that
product and the process water footprint of that processing step (the water footprint of a
product p, which is being processed from y input products). The input products are numbered
from i=1 to y suppose that processing of the y input products result in z output products.
Output products are numbered from p=1 to z.
If during processing there is some water use involved, the process water use is added to the
water footprints of the input products before the total is distributed over the various output
products. The WF of output product p is calculated as:
y WF

prod [i ] 
WFprod [ p ] =  WFproc [ p ] + 
  f v [ p]

i =1 f p [ p, i ] 



(4)

in which WFprod[p] is the water footprint (volume/mass) of output product p, WFprod[i] the water
footprint of input product i and WFproc[p] the process water use of the processing step that
transforms the y input products into the z output products, expressed in water use per unit of
processed product p (volume/mass). Parameter fp[p,i] is a so-called ‘product fraction’ and
parameter fv[p] is a ‘value fraction’.
The product fraction of an output product p that is processed from an input product i (fp[p,i],
mass/mass) is defined as the quantity of the output product (w[p], mass) obtained per
quantity of input product (w[i], mass):
f p [ p, i ] =

w[ p ]
w[i ]

(5)

The value fraction of an output product p (fv[p], monetary unit/monetary unit) is defined as the
ratio of the market value of this product to the aggregated market value of all the outputs
products (p=1 to z) obtained from the input products:
fv [ p] =

price[ p ]  w[ p ]

(6)

z

 ( price[ p ]  w[ p ])

p =1

in which price[p] refers to the price of product p (monetary unit/mass). The denominator is
summed over the z output products (p=1 to z) that originate from the input products.
Product fractions, process water use in dairy processing are taken from ASUDER [19].
Market values of dairy products were taken from Turkish Statistical Institute [18].
The water footprint of milk is calculated as:
WF (milk) = WF feed crops + WF feed processing +WF cattle raising + WF dairy processing

(7)

Cattle characteristics, feed composition and water use in feed processing
The following cattle characteristics and feed composition were considered in water footprint
calculations [20,21,22]:
Table A1.1: Characteristics of cattle considered in the study.
Amount
Unit
Live weight of the cattle
Daily milk production (3.5% fat)
Daily fodder

500
21
17.5

kg
kg
kg/day

Lactating duration in days

305

days

Table A1.2: Feed composition considered in the study.
Feed composition
Amount
Unit (per
day)
Wheat

2.5

kg

Clover
Maize, silage
Barley
Sunflower seed
Lactating feed

2
20
1
1.5
4.5

kg
kg
kg
kg
kg

Process water use in feed processing was taken as 90 litres per ton of feed produced and
taken from Serhat Development Agency [22].

Water use in cattle raising
Drinking and service water use during cattle raising stage used in the study were taken from
Mekonnen and Hoekstra [1]:
Table A1.3: Drinking and service water use in cattle raising.
Drinking water
Service water
(litre/day)
(litre/day)
Dairy cattle
55
13.5

Vulnerability assessment
To assess vulnerabilities, the methodology developed by Ercin et. al [10,15,23] was followed.
This report defined vulnerability of the dairy sector to water challenges as the degree of the
sector’s production susceptible to adverse effects of water challenges and climate change,
e.g. production losses, because of changes in drought severity happening in the production
locations.
The vulnerability (VEU,e,p,y,) related to product p produced in a location e in the year y is
expressed as a function of magnitude of exposure (Ee,p,y) to hydrological extremes and
sensitivity (Se,p,y) of the production location eo of the product to hydrological extremes in the
year y:
VEU,e,p,y = Ee,p,y × Se,p,y

(8)

Change in the vulnerabilities under climate change is expressed as the ratio between the
year y=2050 and y=2010 (historical average) under RCP 6.0 conditions.
∆VEU,e,p =

VEU,e,p,y=2030,2050,2085

(9)

VEU,e,p,y=2010

Drought severity
Drought severity in dairy production ares are taken from Ercin et al. [10,15,23] who estimated
a spatial distribution of drought severity at the 0.5x0.5-degree grid scale following the
methodology described by Sheffield and Wood (2008). The authors defined drought
occurrence as an extended period of anomalously low soil moisture and as a consecutive
sequence of months of length D with soil moisture quantile values, q(θ), less than a chosen
threshold, 𝑞0 (𝜃). The threshold value of 20% is chosen, which reflects conditions that occur
only once every five years for a particular month, on average. Drought severity, SE, is then
calculated based on duration D, intensity I and severity SE that are dependent on q0 (θ):
𝑆𝐸 = 𝐷 𝑥 𝐼
𝐼 =

1
𝐷

(∑𝑡+𝐷−1
𝑡=𝑡1 𝑞0 (𝜃) − 𝑞𝑡 (𝜃))

(10)
(11)

Intensity is the mean magnitude over the duration of the drought, and severity is the time
integrated deficit below the threshold, with units of %months.

Appendix II: Water footprint of feed crops in Turkey
Feed crops
Wheat
Vetch
Maize
Clover
Oat
Sunflower seed
Cotton seed
Soybean

Green water footprint
(m3/ton)
2,074
3,098
646
135
1,683
540
1,683
983

Blue water footprint
(m3/ton)
130
364
208
0
143
87
143
0
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