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Abstract: The projected increase in the production and consumption of animal products, as a result of the human growing 
population is likely to put further pressure on the freshwater resources. For a water-scarce area it can be attractive to 
adopt a policy of producing products with relatively low water footprint. The size and characteristics of water 
footprint (W.F.) vary significantly across animal types and it is also determined by the production system applied. The 
main objective of the current study is to assess the volumes of livestock’s water footprint in the Regional Unit of 
Karditsa (Greece). More specifically, this study aims to estimate the quantity and quality effects on water resources in 
the study area through the assessment of green, blue and grey water footprint of sheep and goat breeding and their 
corresponding products. For this purpose, the factors taken into account were: the amount of food and water 
consumed by the animals and based on the feed conversion efficiency, the production system applied (semi-
intensive), the three water footprint dimensions for growing the crops used as animal feed and the livestock waste 
resulting in the pollution of water resources. Moreover, the animals were classified based on their feed demands 
according to their age. The results of this study showed that the highest levels of green and blue water are required for 
the cultivation of the crops used as animal feed while the grey W.F. derives mainly from the livestock waste. 
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1. INTRODUCTION 

In the last few decades, the world has made a significant shift in food consumption patterns 
towards an increase in animal products such as meat, milk and eggs, mainly due to growing 
economies and rising individual incomes. In developing countries, in particular, consumption of 
meat and milk and dairy products has been growing during the last few decades at 5-6% and 3.4-
3.8% annually, respectively (Bruinsma, 2003). Despite the fact that farm animal breeding and 
generally livestock, require significant amount of water, little has been done in the direction of the 
estimation of these water demands. Indicatively, some of the researches, including general 
estimations of water use in livestock activities, are those of: Steinfeld et al. (2006), Galloway et al. 
(2007), Pimentel et al. (2004), De Fraiture et al. (2007), Peden et al. (2007), Van Breugel et al. 
(2010) and Renault and Wallender (2000). Mekonnen and Hoekstra (2012) and Champagain and 
Hoekstra (2003, 2004) proceeded to a more complete assessment of the three components of 
livestock product water footprint but some factors concerning the pollution caused by livestock 
activities, were not taken into consideration (e.g., the farm animal waste).  

Identifying the necessity of estimating water needs consumed by livestock activities, the authors 
are aiming to examine the factors that determine the differences on water consumption for different 
types of farm animals as well as different types of livestock products. Furthermore, the assessment 
of parameters such as livestock waste and their corresponding consequences on water bodies can be 
useful for the protection of freshwater systems.       

The objective of this study is to assess the water demands of farm animals and the products 
deriving from them in the Regional Unit of Karditsa, employing the water footprint (W.F.) 
approach. The study focuses on the impacts on water resources caused by sheep and goat breeding 
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and furthermore by the production of livestock products such as meat and milk so as to provide 
information for the minimization of W.F. and the decrease of environmental burden of a marginal 
increase of meat and dairy production.  

2. STUDY AREA  

The study area is the Regional Unit of Karditsa which is part of the Thessaly District. Located in 
south-western Thessaly in central Greece, it is primarily an agricultural area. It is a rural region and 
the economic development is affiliated with the primary sector. The western and southern parts of 
the regional unit are mountainous and livestock development is the main characteristic of the area 
(Karditsa Prefecture, 2011; Sofios and Polyzos, 2009). 

The western part of the Prefecture, which belongs to the catchment of Achellos river, is mostly 
known for the artificial lake Plastira while the eastern part, which belongs to the river basin of 
Pineios, constitutes a very important irrigating area of the Thessaly Plain. In the north-eastern part 
of the Prefecture, Smokovo artificial lake is located, whose operation started during 2002 (Chyta, 
2009). 

Concerning livestock in the Regional Unit, and most specifically in Lake Plastiras area, during 
the 1971 - 1991 period, there has been a decline in the numbers of cows by 55.9%, an increase in 
the numbers of sheep by 48.4% - along with a decrease in the number of holdings by 40.6%, and an 
increase of the numbers of goats by 10.8% - along with a decline in the number of holdings by 
59.2%.  

According to the data provided by the Annual Agricultural Statistics Reports, the number of 
sheep shows a decline in the period 1971 - 1981 by almost 46% and an increase in the period 1981 - 
1991 by almost 48%. The number of goats was stabilized in the period 1971 - 1981 and increased 
by 12% in the next period. The increase in numbers of animals after 1981 is associated with the 
various subsidies after the country's accession to the EEC (now EU). In most cases, it is apparent 
that livestock farming is dependent on the various kinds of subsidies (Koutsouris, 2002).  

The current numbers of farm animals of the area are shown in Table 1 based on the data of the 
Regional Directorate of Rural Economy and Veterinary of Karditsa for the year 2015. 

 
Table 1. Number of farm animals in the Regional Unit of Karditsa for the year 2015. 

Type of farm animal Number of animals 
Beef cattle 9925 
Dairy cattle 1363 
Swine 45500 
Chicken broilers 468960 
Laying hens 117240 
Sheep 337250 
Goats 68635 
Horses 719 
Total 1049592 

3. WATER FOOTPRINT IN LIVESTOCK 

A relatively new perspective for simultaneous estimation of water use and pollution is the water 
footprint approach which was firstly introduced by Hoekstra (2003). The water footprint concept is 
an indicator of water use in relation to consumer goods (Hoekstra et al., 2011). The water footprint 
of a product is equal to the volume of freshwater used to produce the product, measured over the 
various steps of the production chain. Water use is measured in terms of water volumes consumed 
or polluted. Water consumption refers to water evaporated or incorporated into a product. The water 
footprint is a geographically explicit indicator that not only shows volumes of water use and 
pollution, but also the respective locations (Hoekstra, 2015).  
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The dimensions of the W.F. are: 1) The blue W.F. which refers to the consumption of surface 
and ground water resources along the supply chain of the product, 2) the green W.F. concerning the 
rainwater stored in the ground as soil moisture, and 3) the grey W.F. which corresponds to the 
pollution and is defined as the volume of freshwater required for the assimilation of pollutants’ 
load. Based on the above mentioned, the W.F. is calculated as: 

  (1) 

The W.F. of a live animal consists of different components: the indirect W.F. of the feed and the 
direct W.F. related to the drinking water and service water consumed (Hoekstra, 2003, 2010). The 
W.F. of an animal is expressed as: 

wasteservdrinkfeed FWFWFWFWFW .......... . +++=     (2) 

where W.F.feed, W.F.drink and W.F.serv represent the W.F. of an animal, taking into account the 
production systems related to feeding, drinking water, service-water consuming and waste, 
respectively. At this point, it is essential to point out that livestock waste contributes only to the 
grey W.F. as it refers to the pollution caused by the exertions of the animals. Table 2 shows where 
the green and blue water is used in livestock as well as the activities of this sector that pollute water 
resources.  

 
Table 2. The dimensions of W.F. combined to the livestock activities. 

Source Green 
water  

Blue 
water 

Grey 
water 

Drinking water 		 ü 
 

Washing and cleaning 		 ü ü 

Embedded water in diet ü ü ü 

Livestock waste   
ü 

 
 The W.F. of an animal and its three components can be expressed in terms of m3/y/animal, or, 

when summed over the lifetime of the animal, in terms of m3/animal. For sheep and goats and 
generally animals that provide their products after they have been slaughtered, it is most useful to 
look at the W.F. of the animal at the end of its lifetime. For animals that produce milk, eggs, etc., it 
is most straightforward to look at the W.F. of the animal per year because one can easily relate this 
annual animal W.F. to its average annual production (milk) (Mekonnen and Hoekstra, 2012). 
Alternatively, the W.F. can be expressed in m3/ton/y/animal and m3/ton/animal as the weight of the 
resulting product per animal per year is taken into concern.  

In the present study, sheep and goats and their corresponding products are under concern as 
mentioned above. In the Regional Unit of Karditsa, breeding of these animals is conducted in semi–
intensive system only. The semi-intensive system is preferred for a variety of advantages such as 
the advanced characteristics of the produced milk, the increase in milk production as well as the fact 
that the grazing system is more familiar to the animals.  

 In order to estimate the W.F. of sheep breeding, the animals are divided into four categories 
(lambs: 45 days, growing female sheep for replacement <1 y, ewes: 1-4 y and rams: up to 4 y). 
Sheep and goats have a lot of similarities in their feed and water demands so the corresponding 
classification for the goats is: kids: 45 days, growing female goats for replacement <1 y, goats: 1-4 
y and bucks: up to 4 y. 

In the case of the male animals (rams and bucks), the W.F. was estimated as proposed by 
Chapagain and Hoekstra (2003), which means that the estimated feed consumption per animal was 
multiplied by the W.F. of each crop but was not divided by the product yield due to the fact that 
their contribution in livestock refers only to reproduction. 

greybluegreen FWFWFWFW ........ ++=
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3.1 Consumption of feed in animal production 

The amount of feed and the rations applied in livestock differ significantly according to the type 
of animal, its age and the production system. The water content of an animal’s feed can be 
discretized in two categories. The first is the actual water required to prepare the feed mix and the 
second is the water incorporated in the various feed ingredients. The water footprint from feeding 
an animal at the end of its life span is calculated as follows: 

CY
FWCq

FW cropmixing
feed

..*
..

+
=

  (3) 

where qmixing is the actual water required to prepare the feed mix, C is the quantity of the feed 
ingredient in tons of dry mass/y, W.F.crop is the water footprint of growing the corresponding crop 
in m3/ton and CY is the carcass yield (Chapagain and Hoekstra, 2003). In the case of sheep and 
goats the feed is not mixed with extra water which means that qmixing is assumed to be equal to zero. 
When estimating the water footprint of milk, the CY is replaced by the product output (milk) per 
year in ton/animal. 

Based on the daily needs of each type and age of the animal (Zervas, 2013), the corresponding 
rations, in order to find the feed quantity consumed in ton/year, were estimated. The water footprint 
of each type of crop used as animal feed, was taken from a previous publications by the same 
authors concerning the study area (Dota and Theodossiou, 2014, 2015) so as to find the total water 
footprint in the form of feed at the end of the animal’s lifetime (m3/ton). It must be pointed out that 
an assumption was made that the animal feed derives from the crops of the Regional Unit of 
Karditsa except from those that are not cultivated in the area. For instance soya bean meal, which is 
essential for the sheep’ and goats’ rations, is not cultivated in Greece. The W.F. of these crops were 
taken from the results of Mekonnen and Hoekstra (2012). 

The rations were formed based on the assumption that at the beginning of the year the adult 
female animals had just given birth to a lamb (sheep) or kid (goat). More specifically: 
• Period - January to March: 
The adult female animals are recovering from labor, which means that they have high feeding 

demands and they are kept in the stables. The lambs and the kids are just born and they are 
slaughtered after 45 days. They drink only milk from the female adult animals and they eat an 
amount of 2 kg approximately of concentrated feed during this period. 
• Period – April to June: 
The production of milk by the female adult animals is stable at the beginning of this period and it 

starts to decrease in the end resulting in decrease in their feed demands. 
• Period – July to August: 
The animals are not kept in the stables and they eat grazing material and the milk production is 

about to stop.  
• Period – September to October: 
The female adult animals are again in labor and they are still under grazing system. 
• Period – November to December (January): 
The female adult animals are in the second half of their labor and they are put in stables again. 

(The labor sometimes ends in January but due to the fact that the rations in the first month of the 
two years are the same, the period is concerned until December in order to find the annual needs). 

 
The growing female sheep and goats for replacement need about 60% of the female adult 

animal’s feed in each period while the male are fed the same as the female. 
Following the methodology described above, the green, blue and grey water footprint were 

estimated according to the rations applied. Tables 3 and 4 are indicative presentations of W.F. in the 
form of feed for the sheep that are bred under semi-intensive system for the study area.  
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Tables 3 - 4. Water footprint in the form of feed for adult female sheep under semi-intensive system. 

  Feed quantity (kg dry mass/day) 

  Ewes (1-4 y) Growing female sheep for replacement (<1 y) 

 

   Period 
Feed 
crop 

Jan. -
March 

April-
June 

July-
August 

Sept.-
Oct. 

Nov.-
Dec. 

Jan. -
March 

April-
June 

July-
August 

Sept.-
Oct. Nov.-Dec. 

C
on

ce
nt

ra
te

s Corn 0.36 0.36 0.11 0.00 0.36 0.22 0.22 0.06 0.00 0.22 

Barley 0.36 0.36 0.11 0.00 0.36 0.22 0.22 0.06 0.00 0.22 

Soyabean  
meal 0.18 0.18 0.05 0.00 0.18 0.11 0.11 0.03 0.00 0.11 

R
ou

gh
ag

es
 

Alfalfa 
hay 0.90 0.00 0.00 0.00 0.90 0.54 0.00 0.00 0.00 0.54 

Grazing 
material 0.00 1.50 1.50 1.50 0.00 0.00 0.90 0.90 0.90 0.00 

 

 

Annual feed 
quantity (ton/y) 

Wfingr. (m3/ton) 

Water consumption  
in the form of feed (m3/y) Total water consumption 

in the form of feed at the 
end of lifetime (m3) 

Ewes  
(1-4 y) 

Growing 
female sheep 

for 
replacement 

(<1 y) 

Ewes 
(1-4 y) 

Growing female sheep 
for replacement  

(<1 y) 

 Green Blue Grey Green Blue Grey Green Blue Grey Green Blue Grey 

Corn 0.09 0.06 102 223 411 9 21 38 6 12 23 34 75 137 

Barley 0.09 0.06 1213 79 131 113 7 12 68 4 7 406 26 44 
Soyabean  
meal 0.05 0.03 2037 70 37 95 3 2 57 2 1 341 12 6 

Alfalfa 
hay 0.14 0.08 69 169 400 9 23 54 6 14 32 34 82 194 

Grazing 
material 0.32 0.19 303 0 0 95 0 0 57 0 0 344 0 0 

Total: 0.68 0.41     Total (m3): 1157 195 382 

       
Average live weight at end of lifetime 

(ton): 0.05 

       Total green W.F. of feed (m3/ton): 23145.72 

       Total blue W.F. of feed (m3/ton): 3900.62 

       Total grey W.F. of feed (m3/ton): 7634.26 

3.2 Drinking water demands 

The drinking water demands of a farm animal are related to a series of parameters such as the 
type, the age and the weight of the animal, the temperature and the humidity of the area etc. 
Another basic parameter in the water demands is the ration followed. More specifically, when the 
animal feed contains high quantity of dry matter the water requirements are increased. The same 
results occur when rations are rich in protein and crude fibre (Karavokyris et. al., 2006). 

In general, water consumption is calculated as 5 kg of water for every kg of dry matter in the 
case of concentrates and alfalfa hay, except from the case of grazing material which is assumed to 
be 0.18 kg of water for every kg of dry matter due to the fact that it already contains a significant 
amount of water. The results of the W.F. consumed as drinking water for adult female sheep are 
shown in Table 5. As it can easily be understood, drinking water derives from the surface and 
groundwater systems, and for this reason, it is characterized as blue W.F. 

3.3 Servicing water demands 

The water content of an animal from the service water used is equal to the total volume of water 
used to clean the farmyard, wash the animal and other services necessary to maintain the 



26 A. Dota et al. 

 

 

environment during the entire life span of the animal (Mekonnen and Hoekstra, 2012). Table 5 
presents the W.F. of servicing adult female sheep, bred under semi-intensive livestock system in the 
area under study. This type of water used is also assumed to derive from blue water resources.  
 

Table 5. Water footprint in the form of drinking and servicing water for sheep under semi-intensive system. 

Water from drinking Water from servicing 

  

Ewes 
(1-4 y) 

Growing 
female 

sheep for 
replacement  

(<1 y)   

Ewes 
(1-4 y) 

Growing 
female 

sheep for 
replacement  

(<1 y) 
Average daily consumption 
(L/day/animal): 5.19 3.11 Average daily consumption 

(L/day/animal): 5 2 

Total drinking water required 
at end of lifetime (L/animal): 6813.72 Total servicing water required 

at end of lifetime (L/animal): 6205.0 

Total drinking water required 
at end of lifetime (m3/animal) 
(blue component): 

6.81 
Total servicing water required 
at end of lifetime (m3/animal) 
(blue component): 

6.21 

Average live weight at end of 
lifetime (ton): 0.05 Average live weight at end of 

lifetime (ton): 0.05 

Total blue W.F. from drinking 
(m3/ton): 136.27 Total blue W.F. from servicing 

(m3/ton): 124.10 

4. LIVESTOCK WASTE 

The livestock waste is a major source of pollutants; hence, it has public health and environmental 
concern. For this purpose it is important that, livestock waste is to be managed properly to mitigate 
production of these pollutants in order to protect the environment and water resources. Farm waste 
impacts depend on their amount and their pollutant load. The production of manure and generally of 
livestock waste is connected to the type of animal and the ration applied (Fragkaki, 2008). 

As for the pollutant load, the parameters taken into account are the biochemical oxygen demand, 
total nitrogen and phosphorus. The estimation of the pollutant load is accomplished according to the 
live weight of the animal.  

As mentioned above, the grey water footprint is defined as the volume of water that is required 
to dilute pollutants to such an extent that the quality of the ambient water remains above acceptable 
water quality standards. It is calculated by dividing the pollutant load (L) by the difference between 
the ambient water quality standards for that pollutant (the maximum acceptable concentration cmax, 
in mass/volume) and its natural concentration in the receiving water body (cnat, in mass/volume).  

W.F.proc,grey= L/( cmax - cnat) (4) 

According to the basic equation of grey water footprint, apart from the pollutant load, it is 
necessary to take into consideration the maximum allowable concentration of the pollutant and its 
natural concentration in the water volume. Due to the fact that there were no data available 
concerning the natural concentration of the chemical elements (N, P and BOD5) in the water 
resources of the area, the grey water footprint was calculated according to cmax. The measurement of 
natural concentration of each mineral in the water bodies of the study area is a laborious project 
because there are a lot of water resources in the Regional Unit of Karditsa which are essential to be 
taken into account. Besides, taking into consideration only the cmax, one can estimate the grey water 
footprint in a more safe way (Hoekstra et. al, 2009; Dota and Theodossiou, 2012). To be more 
specific, the formula being used in the present study is: 

 W.F.proc,grey= L/ cmax (5) 

The calculations were based on the maximum acceptable concentration of each pollutant as if 
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this water would be reused for agricultural purpose according to national policies (Greek National 
Legislation, 1997). Table 6 depicts the expected pollutant load for sheep under semi-intensive farm 
system and the grey water footprint of the corresponding livestock activities. 

 
Table 6. Livestock waste and grey water footprint of adult female sheep under semi-intensive livestock system. 

 

Excertions 
(kg/y/animal) 

cmax-cnat  
(mg/L) Average live 

weight  
at end of 
lifetime  

(ton/animal) 

Average  
lifetime 

(y) 

Grey W.F. per pollutant 
(m3/ton) 

Total grey 
W.F. in the 

form of 
animal 
waste 

 (m3/ton) A
ni

m
al

 

N P BOD5 N P BOD5 N P BOD5 

Sh
ee

p 

7.85 1.20 16.43 45 2 25 0.05 4 13951 48180 52560 52560 

5. RESULTS  

Based on the methodology described previously, the green, blue and grey water footprint for 
sheep and goat breeding under semi-intensive livestock system was calculated. Total results of adult 
female sheep are shown in Table 7 where it can be seen that the units were chosen according to the 
type of the corresponding product. For male animals, no product was assumed to be deriving from. 

The comparative results of sheeps’ and goats’ W.F. are depicted in Table 8. The green W.F. 
derived exclusively from the cultivation of the crops used as animal feed while the blue component 
was calculated as a sum of the blue W.F. of crops and the water used for drinking purposes and for 
the cleaning of farmyards. Complying with the restrictions about water quality and according to the 
quantity of fertilizers and pesticides being applied in the area for the crops and the amount of farm 
waste being produced, the grey water footprint of the livestock activities in the Prefecture of 
Karditsa were calculated. 

6. CONCLUSIONS 

Sheep and goat breeding has evolved over the years through the need to increase the animal 
production resulting in high water demands but yet there are no guidelines or practices for the 
protection and restoration of the water resources used for this purpose. According to the data of 
Directorate of Rural Economy and Veterinary of the study area, the recorded farm animals in the 
Regional Unit of Karditsa are 1.049.592. The corresponding number for sheep and goats of the area 
is 405.885 (Directorate of Rural Economy and Veterinary, 2015). 

The model considered in this project includes the production system for sheep and goats with the 
feed requirements calculated based on daily live weight gain, entry and slaughter weights. The 
rations were set up according to the classified periods as described in section 3.1. 

The results of the present study demonstrated that the total water footprint of sheep is quite 
smaller if compared to that of goats for the corresponding ages, which is understandable 
considering the fact that these types of animals have similar feed and water demands but goats have 
smaller liveweight resulting in smaller carcass yield per animal (the product output is the dividend 
in the W.F. fraction).  

Table 8 presents the overwhelming dominance of green water over the blue one, which 
demonstrates that, compared to livestock production systems that rely on irrigated feed, the 
hydrological impact of meat and milk production is very small. It could therefore be said that the 
advantage of semi-intensive system is that during the period when the animals are not kept in the 
stables there is no significant reduction on water flow to rivers and streams that exist in the vicinity 
of the livestock activities because the animals are mainly fed by grazing material. Additionally, if 
these areas were left ungrazed, natural vegetation would still grow, consuming the same if not 
greater quantity of green water.  
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Table 7. Water footprint of female adult sheep under semi-intensive system. 

Water footprint (m3/ton) Extra 
water 

used for  
the 

product 
(m3/ton)  

Product 
fraction 
(Carcass 

yield 
 per 

animal)  

Milk 
yield 
 per 

animal  
(ton/y/ 

animal) 

Total water 
footprint of 

 meat production 
(m3/ton) 

Total water 
footprint of 

 milk production 
(m3/ton/y) Fe

ed
 

D
ri

nk
in

g 

Se
rv

ic
in

g 

L
iv

es
to

ck
 

w
as

te
 

G
re

en
 

B
lu

e 

G
re

y 

B
lu

e 

B
lu

e 

G
re

y 

B
lu

e 

G
re

en
 

B
lu

e 

G
re

y 

G
re

en
 

B
lu

e 

G
re

y 

23
14

5.
72

 

39
00

.6
2 

76
34

.2
6 

13
6.

27
 

12
4.

10
 

52
56

0.
00

 

10
.0

0 

0.
50

 

0.
16

 

92
58

.2
9 

16
68

.4
0 

24
07

7.
70

 

28
93

2.
15

 

52
13

.7
5 

75
24

2.
82

 

 
Table 8. Water footprint of sheep and goats and annual water demands in the Regional Unit of Karditsa. 

   

Water footprint 
(m3/ton/y/animal) Total W.F. 

Number 
of 

animals 

Annual water demands 
(Gm3/y) 

 
Animal Product Green Blue Grey (m3/ton/y/animal) Green Blue Grey 

Sh
ee

p 

Adult 
Female 
sheep 

Sheep meat 2315 417 6019 8751 200926 116.26 20.95 302.36 

Sheep Milk 28932 5214 75243 109389 200926 930.12 167.61 2418.92 

Rams - 5358 965 14907 21230 17627 94.44 17.01 262.77 

Lamb Lamb meat 283 54 149 486 158697 0.27 0.05 0.14 

G
oa

ts
 

Adult 
Female 
goats 

Goat meat 2721 521 6210 9453 33408 18.18 3.48 41.49 

Goat milk 36286 6947 82804 126036 33408 181.83 34.81 414.95 

Bucks - 6048 1158 15261 22466 4300 26.00 4.98 65.62 

Kids Kids meat 336 64 151 551 33408 0.06 0.01 0.03 

 
This study also showed that, the highest water demands in livestock activities in the study area 

are required for the production of the animal feed and not the direct use of water or the operation of 
the livestock units. The breeding W.F. of a farm animal comprises the indirect W.F. included in the 
animal feed and the direct one which is the link to the drinking water consumed by the animal as 
well as the water used for the operation and the cleaning process of the livestock unit (Hoekstra, 
2003; Sofios et. al., 2009).  

According to Table 8, where the total results of this project are depicted, it can easily be 
concluded that the production of livestock products is characterized by significantly high water 
footprints especially if they are compared to products derived from crops. The main reason for this 
is that products such as meat and milk require much longer periods (years) for the final product to 
be ready while for agricultural products, such as corn, cotton etc., the corresponding period is much 
smaller (a few months). Furthermore, in the W.F. calculation of animal products the W.F. of crops 
used as animal feed are also taken into account as previously mentioned. 

One of the main results of the livestock’s W.F. estimation in the study area is that the production 
of (sheep and goat) milk is much higher than that of meat. This is a result of the assumption made 
by the authors, according to which the main product of these animals is milk. (It was assumed that 
the W.F. of an animal is multiplied by 1/5 for meat production and the rest is for milk as the feed 
requirements are getting higher on periods on which the animals are after labor). At this point, it is 
also important to state that in order to compare the W.F. of these products, the W.F. of meat was 
converted into the same unit as that of milk (the W.F. was divided by the average lifetime). In 
general, it can also be stated that the ration and the system applied in each case significantly affect 
the W.F.  

In addition, it is important to point out that, the grey W.F. estimated in this study shows the 
major problem caused by farm waste which is a parameter not taken into consideration in other 
research studies. This depicts the necessity to include farm waste treatment systems in livestock 
units so as to reach environmental protection and better water resources quality (Dota et. al., 2016).   
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As far as the total water consumed for livestock purposes in the Regional Unit of Karditsa, it is 
obvious that the numbers are very high as a result of the larger number of animals bred in the area. 
Besides, as shown in Table 1, the population of farm animals in the area is much higher than the 
human population of the area under study.  

To sum up, it can easily be concluded that the water footprint approach provides new 
perspectives on water resources management, since the indirect water uses taken into consideration 
differentiate the estimation of water demands from those derived from the traditional theory of 
water withdrawals. The W.F. through its three dimensions (green, blue and grey) represents an 
opportunity for the development of a useful tool that can be applied in order to achieve better water 
management and quality protection, since the factor of water pollution resulting from the 
development of farm animal products is incorporated in the actual water use.  
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