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Abstract: In the present analysis, the estimation of water demand based on the Water Footprint (WF) concept was obtained
considering the water uses that were directly associated with each land use (agriculture, pastures, woodlands,
livestock, urban and industrial) in the water district of Western Peloponnese (GR01) and the three components of WF,
blue-green-grey, were respectively estimated using GIS spatial analysis tools. By estimating WF components for
every land use in all sub-basins within GRO1, it is possible to determine land uses that consume significant amounts
of fresh water that is not used elsewhere or land uses that significantly contribute to environmental burden of a sub-
basin. The results of this analysis have shown that woodlands’ water demand is mainly covered by precipitation
(green WF); crops require significant amounts of fresh water resources (blue WF) and, finally; industrial activity is
primarily responsible for aquatic systems’ pollution (grey WF). This work is a first attempt to use WF as a tool to
introduce water policy actions at the river basin scale. From a macroscopic point of view, the analysis proved that
total WF could not adequately function as a major decision tool for the development of a reliable water resources
management plan at the river basin scale especially at regions of the basin where agricultural, urban and industrial
water uses coexist; however, a preliminary conclusion of this analysis is that areas with high total water footprint will
not necessarily be the ones that will suffer the most from a potential water shortage, which is true in regions with high
green WF. Green WF could be used to estimate potential water savings by partial reallocation and restructuring of
crops between sub-basins where less water consumption is required. In conclusion, the WF concept can contribute to
sustainable water management practices, by taking into account the three WF components separately for the
implementation of mitigation measures, as it gives clear spatio-temporal information related to the quantity of water
required for different land uses at the river basin scale.
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1. BACKGROUND

The need to get a reliable estimate of existing and potential water reserves at local, regional and
most importantly at national level is critical especially in countries like Greece where the seasonal
water demand extremely varies due to tourism and agriculture. Along these lines, the 2000/60
Water Framework Directive (WFD) clearly specifies river basin scale as the representative spatial
unit to develop a river basin management plan (RBMP) for each aquatic system within the Member
States. By adopting WFD guidelines, Greek water authorities were able to develop an integrated
approach to address the specific individual and often conflicting water uses, considering
interdependently not only humans’ but also ecosystems’ water requirements in order to propose
RBMPs for all 14 water districts in Greece. In terms of this need, Hoekstra introduced in 2002 the
Water Footprint (WF) concept as a consumption-based water use indicator in order to estimate the
water that is "there - hidden" in products and services. Essentially, the total amount of water (in m")
consumed and/or polluted throughout the process of production and distribution of a product
considering the time and the origin of consumed water, is designated as the water footprint of a
product (Hoekstra et al., 2011).

As the potential climate change effects in precipitation and temperature on freshwater resources
and agricultural crop yield are important to be quantified at a regional level (Papadopoulou et al.,
2015), in this paper, an alternative approach to estimate water needs in river basin scale is proposed
based on the WF concept. The water district of Western Peloponnese (GRO1), consisting of two
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river basins is selected to assess water uses in various sectors using the WF concept. WFs of crops,
pastures, woodlands, livestock, urban and industrial sectors were spatially estimated using GIS
approaches. By calculating the amount of water that was used in all sectors, it was possible to
determine the influence to the existing water resources in order to avoid or overcome the negative
impacts.

2. WATER FOOTPRINT CONCEPT

Water Footprint (WF) is a multidimensional indicator, estimating water consumption volumes by
source and polluted volumes by type of pollution. It consists of three components: green, blue and
grey that are spatially and temporally specified. The blue water footprint (WFgpryg) refers to
consumption of blue water resources (surface and subsurface) along the supply chain of a product.
"Consumption" refers to loss of water in a catchment level from an available surface and/or sub-
surface water body. Losses occur when water evaporates, returns to another catchment area, to the
sea or is incorporated into a product. Green water footprint (WFgreen) refers to the consumption of
rainwater insofar as it does not become run-off. Grey water footprint (WFgrey) refers to water
pollution and it is defined as the required freshwater volume to assimilate pollutants load given
natural water quality and existing ambient water environmental standards (Hoekstra et al., 2011).

The distinction between blue and green water footprint is important due to the respective
hydrological, environmental and social impacts. The economic opportunity cost of surface and
subsurface water resources distinctively differ from the impacts and costs of rainwater used for a
product (Falkenmark and Rockstrom, 2006; Hoekstra and Chapagain, 2007). Green water
consumption in agriculture could be estimated by a set of empirical formulas based on crop models
suitable to estimate evapotranspiration considering climate, soil and crop characteristics as input
data (Hoekstra et al., 2011). Lately, the use of remote sensing data to estimate green WF has been
reported in the literature (Romaguera et al., 2010; Tampouratzi et al., 2015). Grey water footprint is
calculated dividing the pollutant load (L, in mass/time) by the difference between the ambient water
quality standards for that pollutant in the water recipient (the maximum acceptable concentration

Cmax, 1N Mass/volume) and its corresponding natural concentration (cCp,, in mass/volume) (Hoekstra
et al., 2011).

2.1 Area of interest

The area of interest is the water district of Western Peloponnese (GRO1) one of the fourteen
water districts in Greece. It extends from west to southwest Peloponnese, bounded on the north by
Erymanthos and Aroania mountains, on the east by Mainalon and Taygetos mountains, while on the
south it is washed by Messenian Bay and on the west by Kyparissia Bay (Special Water Secretariat,
2013). The GROI covers entirely or partly the areas of Arcadia, Elea, Messenia, Achaia and
Laconia Prefectures. Western Peloponnese district consists of two river basins a) Alpheus and b)
Pamissos — Nedontas - Neda with total areas of about 3810 km” and 3424 km? respectively (Figure
1). The major rivers running through the area of interest are Alpheus, Lucius, Pamissos and Neda,
while Yalova and Caiaphas lagoons are located near the shores. Alpheus is the longest river
(119.8 km natural flow) in Peloponnese with the Lucius River (approximately 24 km long), the
Ladon River (approximately 45km long) and the Erimanthos River (approximately 52 km long) as
main tributaries. In the “Pamissos — Nedontas — Neda” river basin the main rivers are Pamissos,
Neda and the intermittent flow river Nedontas. The Pamissos River is the longest river in Messenia
Prefecture with a total length of 44 km. The Neda River is located on the west coast with a total
length of 31 km. The Nedontas River, located east of the Pamissos River, has a total length of about
22 km, stemming from the western slopes of Mount Taygetos and pouring into the Messenian Bay
(Special Water Secretariat, 2011). In the Western Peloponnese water district (GR01), the basic land
uses are: a) urban which covers 0.8%, b) pastures 18.08%, ¢) woodlands 43.86%, d) crops 34.16%
and e) others 3.1% of the total area (Figure 2).
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Figure 1. Western Peloponnese water district (GR0O1)
(Marini et al., 2015)

Figure 2. Land uses in Western Peloponnese water
district (GRO1) (Special Water Secretariat, 2011)

3. METHODOLOGICAL APPROACH

3.1 Spatial data processing

Based on the Water Footprint framework, a data spatial analysis was performed in order to
obtain a reliable qualitative and quantitative WF estimation over the entire water district in river
basin scale. The GRO1 water district was discretized according to the Water Framework Directive
in the two river basins and then into aquatic system sub-basins. All the spatial required data have
been transformed to the same spatial resolution in order to be aggregative and comparable. More
specifically, the available socio-economic and land use raw data for crops (type and occupied area),
pastures (occupied area), livestock (number of animals), woodlands (occupied area), urban and
industrial uses (population) was available in municipal level. In order to obtain a more precise
estimation of water consumption, raw data was converted to aquatic system sub-basin level using
spatial analysis techniques in GIS environment.

In the present analysis, the estimation of water demand based on the WF concept was obtained
considering the water uses that were directly associated with each land use in GROI and the three
components of WF, blue-green-grey, were respectively estimated. For each WF component, data
related to land use, average water demand, irrigation and fertilization practices obtained from the
updated GRO1 RBMP (Special Water Secretariat, 2013) were utilized in conjunction with various
ET empirical methods depending on the specific land use. At that point, it is important to notice that
for the purposes of this analysis, water losses to adjacent water districts and groundwater recharge
estimates have not been considered due to the lack of the appropriate field data for the various land
uses within the GRO1.

3.2 Water Footprint (WF) estimation based on water uses
3.2.1 Agricultural WF

According to Mekonnen and Hoekstra (2011), the total agricultural water footprint is equal to the
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sum of blue, green and grey WF components in all stages of agricultural process for all crops. The
necessary parameters involved to estimate the water footprint of a crop are mainly the crop
coefficient (K¢) and yield, the average monthly rainfall and temperature, the climate factor (f), the
crop location and the applied amount of fertilizers (Allen et al., 1998). For the purposes of this
analysis, available data obtained from 14 meteorological stations located in and out GROI1 for the
year 2010 have been used (Table 1). More specifically the green WF (m’ ton™) is calculated as the
ratio of the volume of green water used for crop production, C/WU, (m’ ha™), to the weight of crop
produced, ¥ (ton ha™).

CWU ,
WE i ripey :Té (1)

Table 1. Meteorological data for 2010 (National Meteorological Service, 2014)

: X _GGR Y_GGR Altitude
Station Name S87 387 (m) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec

Amaliada 264642 4186988 26  Precipitation (mm) 89.2 74 308 11.6 24.6 13 1 04 36.8 1674 86.6 33.8
Temperature (°C) 10.7 11.8 11.9 16.6 19.2 23 26.2 27 229 182 17.2 12.7
Andritsaina 314338 4150269 731  Precipitation (mm) 238.6 251.8 86.2 162 364 412 448 0 384 182.6 94.2107.2
Temperature (°C) 6.9 8§ 10.2 13.6 17.8 20.8 241 26.2 198 14.9 143 9.2
Vartholomio 253935 4194220 11 Precipitation (mm) 101.9 64.8 284 4.8 3738 54 0 02 424 3642 99 542
Temperature (°C) 108 11.6 125 156 188 228 26 26.6 224 178 169 123

Elati 336422 4165756 1207  Precipitation (mm) 242 2248 93.6 212 432 592 564 04 53 148.8 129.6 115.8
Temperature (°C) 27 43 66 97 14 166 19.1 21.9 159 11 10.7 5.8
Zacharo 290340 4150831 5 Precipitation (mm) 99.8 774 36.4 8.4 364 4.2 0 0 65 128.2 100.6 128.2

Temperature (°C) 11.9 125 13.2 16 188 223 24.9 256 224 19.1 174 134
Katakolon 263135 4169384 2 Precipitation (mm) 1363 76.8 24.4 32 36.6 62 0.2 0 392 1624 81.6 432
Temperature (°C) 12.7 132 14 16.6 19.3 228 25.7 26.6 23.6 19.9 189 143

Kato Achaia 285350 4224535 34 Precipitation (mm) 109 622 386 44 388 4 0 0 23 234 478 56.8
Temperature (°C) 11.2 11.9 128 165 19.7 238 269 275 23 182 173 128
Lappa 273644 4219643 15  Precipitation (mm) 76.6 55 542 3 442 128 0 1 174 97.8 1204 18.8

Temperature (°C) 10.7 11.7 12.6 163 19.5 238 265 27.1 228 181 17.1 123
Megalopoli 335363 4140781 432  Precipitation (mm) 93.6 932 574 26 39 604 89.2 0 34 952 54 62.6

Temperature (°C) 8§ 92 108 142 181 21.3 239 2632 20.7 158 14 94
Olympia 290267 4168486 45  Precipitation (mm) 1493 894 49.6 82 374 6 0 02 432 250 159.2 784
Temperature (°C) 109 11.7 129 164 194 23.1 262 273 22.7 184 169 123
Sagaiika 277988 4220236 26  Precipitation (mm) 0 0 38.8 0.8 28 134 02 04 14 230.4 69.8 49.2
Temperature (°C) 106 114 124 162 19.3 232 263 271 22.8 18 17 12.3
Sparti 360817 4101613 204  Precipitation (mm) 994 1158 354 54 134 496 21.6 0 158 743 38 33.8
Temperature (°C) 9.1 105 124 153 20.1 237 266 28.6 22.7 17.2 15 11.2
Foloi 299818 4176653 600  Precipitation (mm) 1644 123 68 364 532 108 1.6 04 914 262 1972 72
Temperature (°C) 7 8§ 9.7 133 16.7 200.2 23.6 254 194 14.6 13.7 89
Oleni 282783 4177871 61  Precipitation (mm) 141.2 1312 432 8.8 50.9 12 02 02 91.6 229 1145 65

Temperature (°C) 10.1  10.7 12 14.8 184 22 252 263 215 17 153 11

The green water used for the production of a crop, CWU, represents the contribution of rainwater
used in order to meet crop irrigation needs. It depends on the specific crop evapotranspiration
requirements, PET, (mm month™), and on the available soil moisture which is maintained either by
effective rainfall or by irrigation water supply. Effective rainfall, Py (mm month™), is estimated
using the SCS method (USDA, 1980). The monthly green water use, u, (mm month™), is equal to
the minimum between effective rainfall (P,;) and crop evapotranspiration requirement (PET,)
according to Eq. 2:
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u, =min[PET,,P, )

The total green water use in crop production, CWU,, is calculated (Eq. 3) as the sum of green
water use for each month over the entire length of crop period (k months) and it is expressed in
m’/ha. Finally, the WFgreen Was estimated as m*/ton considering crop yield (Eq. 1).

k
CWU,=> u, 3)

i=1

The blue WF (m’ ton™) is defined similarly to the green WF (Hoekstra et al., 2011).

CWu,

WEFy e = %

4)

The blue water used for the production of a crop, CWU, represents the crop’s irrigation
requirements. It depends on crop evapotranspiration requirements, green water availability (u,) and
irrigation water supply. The irrigation requirements, 7, (mm month™), are calculated as follows:

I, =PET, -u, )

Blue water use (u5) is considered zero, if the entire crop evapotranspiration requirements are met
by the effective rainfall otherwise the monthly blue water use, u, (mm month™), is equal to the
necessary irrigation requirements, 7, (mm month™).

u, =max[/,,0] (6)

The total blue water use in crop production, CWU,, is calculated as the sum of blue water use for
each month over the entire length of crop period (k months).

CWU, = Zk:ub (7)

i=1

Since agriculture activity consumes more than 80% of total fresh water resources in Greece, it is
important prior to any water management decision to estimate crops’ water needs that might be
covered by precipitation. Based on the analysis of Charchousi et al. (2015) the variations between
different ET methods in the estimation of green WF does not significantly alter the final decisions
related to water resources management at a regional level. In this analysis, an indirect estimate of
green WF component is obtained using "Blaney - Criddle" method (Blaney and Criddle, 1950) that
determines potential evapotranspiration (PET) for cultivated areas (Eq. 8). Annual crop yields were
taken by yield statistics. In the case of perennial crops, the average annual yield over the lifetime of
a crop has been considered.

PET. =K .*f (8)

where K. a monthly empirical coefficient related to crop type and /' (mm/day) a monthly climatic
factor related to average temperature and the mean percentage of daily hours at the region.
The grey WF (m’ ton™) of a crop is calculated based on Eq. 9:

(a * AR)/(Cmax B Cnat)

WEorey = %

)
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where AR (kg ha™") is the chemical application rate of nitrogen and/or phosphorus, depending on the
type of crop, a is the leaching-run-off fraction, cuq and c.q (mg 1I™') are, respectively, the maximum
acceptable concentration and the natural concentration for the pollutant considered in the receiving
water body, ¥ (ton ha™) is the crop yield (Hoekstra et al., 2011).

3.2.2 Pastures WF

Pastures are natural ecosystems that are not suitable for agriculture or forestry but they are
suitable to graze animals. These areas offer not only forage but also services such as habitat for
wildlife, firewood and renewable energy sources and their water needs are exclusively covered by
precipitation (effective rainfall). In this analysis, green WF of pastures was estimated based on PET
estimation obtained by "Blaney - Griddle" equation over its areal extend in the Alpheus
(772,12 km?) and Pamissos-Nedontas-Neda (530.51 km?) river basins as it is described in section
3.2.1.

3.2.3 Livestock WF

According to Mekonnen and Hoekstra (2010), the WF of livestock has an indirect and a direct
component. The first one is associated with animal feeding and the second one is related to water
consumed for drinking and cleaning purposes. In this analysis, the direct WF of livestock associated
with drinking and cleaning purposes is only calculated based on the literature, consisting of blue
and grey WF components, assuming that animals’ water needs were met by surface and subsurface
water volumes. Animal characteristics, daily animal water needs and produced wastewater
quantities reported in the GRO1 RBMP (Table 2) were used to estimate blue WF for the main
animal breeds. Also a rough estimate of grey WF was then obtained based on the average annual
total WF estimates by Mekonnen and Hoekstra (2010) minus the corresponding blue WF for each
animal category within each sub-basin (Table 2).

Table 2. Parameters associated to animal water needs, produced wastewater quantities and total WF
(Special Water Secretariat, 2011; Makonnen and Hoekstra, 2010)

Animals Animal Water BOD;s Average annual Average annual Average annual
Weight (Kgr) needs (Kgr/day/ per total WF (m3/yr) Blue WF Grey WF
[1] (m3/day) animal ton) per animal (m3/yr) (m3/yr)
[2] [3] [4] per animal per animal
[S51=[2]*365 [6]=[4]-[5]
Sheep 35 0.0080 0.9 50 2.92 47.08
Cattle 400 0.0800 1.8 1343 29.20 1313.80
Poultry 1.8 0.0002 3.6 276.5 0.07 276.43
Pig 200 0.0080 2.2 520 2.92 517.08

3.2.4 Woodlands WF

The total water needs for woodlands were exclusively covered by precipitation and estimated
based on Hargreaves method (Hargreaves, 1973) as it is the most suitable method to determine
evapotranspiration requirements in woodlands using limited climatic data (Eq. 10). The total area of
woodlands in the two river basins was estimated as about 1884.5 km® (Alpheus) and 1251.6 km®
(Pamissos-Nedontas-Neda).

PET = MF (18T, + 32)CH (10)

where MF monthly coefficient, 7, mean monthly temperature (°C), CH correction factor related to
relative humidity.



€uropean Water 56 (2016) 27

3.2.5 Urban WF

WF in urban areas is estimated based only on blue and grey WF components. The blue WF
component refers to the volume of water that is used for urban water use covering permanent/
seasonal and tourist populations’ water needs (Chapagain and Hoekstra, 2004). The water needs for
permanent/seasonal population and tourists were set equal to 250 It/day and 400 It/day respectively.
Grey WF is related to the volume of water, which is necessary to assimilate wastewater flows
disposed into adjacent water bodies. The grey WF component was estimated considering pollution
load at each water body within the river basin based on data obtained from the GR01 water district
RBMP (Special Water Secretariat, 2013).

3.2.6 Industrial WF

The industrial WF of a facility is defined as the total volume of water that is directly or indirectly
used to operate the respective industrial facility. The direct WF refers to the volume of fresh water
consumed and polluted related to the operation of an industrial facility. The indirect WF is
associated with the necessary raw materials used in the production process (Hoekstra et al., 2011).
As part of this analysis, only the direct WF of industries has been assessed similarly to the urban
WF based on data obtained from the GRO1 water district RBMP for all industries within each sub-
basin (Special Water Secretariat, 2013). The authors did not have access to any information related
to indirect WF associated to specific industries in the GRO1 water district.

4. ANALYSIS OF RESULTS

In Table 3, the WF components for GRO1 per water use are summarized, showing that the most
relevant consumption of water relates to green WF. The analysis has shown that woodlands require
larger volumes of water to meet their needs compared to all the other water uses. About 11% of
total WF is associated with the industrial activity whereas the WF estimated for croplands, livestock
and urban use was about 16%, 6% and 1.4% to the total WF respectively. In Figure 3, the spatial
WF contribution per water body is presented for the sub-basins of GRO1 water district. Using GIS
spatial analysis tools, areas and land uses where water needs: a) are covered by significant volumes
of green water (green WF), b) have high pressures on freshwater resources (blue WF) and c)
contribute the most to water body pollution (grey WF) were determined. Green WF is estimated to
be the highest in sub-basins covered mostly by woodlands and pastures whereas blue WF and grey
WF get high values in agricultural (e.g. Alpheus sub-basin) and industrial regions (e.g. Pamissos
sub-basin) respectively.

Table 3. Mean Annual WF (km®) per water use in Western Peloponnese water district
p /4

Land uses Green WF Blue WF Grey WF Total WF %
Crops 0.767 0.241 0.098 1.106 15.94%
Woodlands 4.351 0.000 0.000 4351 62.69%
Pastures 0.190 0.000 0.000 0.190 2.74%
Livestock 0.000 0.002 0.411 0.413 5.95%
Urban 0.000 0.029 0.070 0.099 1.43%
Industrial 0.000 0.017 0.764 0.781 11.25%
Total WF 5.308 0.289 1.343 6.940 100.00%
% 76,5% 4,2% 19,4% 100%

4.1 Spatial WF analysis

As previously mentioned, the agricultural WF depends on a large number of crop parameters, so
it is not easy to extract any concrete conclusions on linking the cultivated area and the associated
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WE. Figure 4a presents green, blue and grey agricultural WFs in selected sub-basins within GRO1
water district. By it, it is clear that no reliable conclusions on agricultural WFs can be made based
on WF estimates in sub-basins where only the crop type and the total cultivated extent are known.
Neda and Nedontas sub-basins are demonstrative of that as although their cultivated areas are
similar, the corresponding freshwater needs and pollution burden to the adjacent water bodies are
considerably different.

Concerning pastures, the associated WF is directly related to areal extent. As a result, in sub-
basins where “pastures” land use occupies a comparatively large area, the associated green WF
component takes high values. It is also observed that the distributions of green WF and the occupied
area are similar (Figure 4b). Similar conclusions could be also drawn for woodlands.
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Figure 4. WF components for (a) agricultural and (b) pastures land uses in various sub-basins within GR01

Livestock WF (Figure 5) depends not only on the kind and the total number of farmed animal but
also, by its calculation being directly related to the weight per farmed animal of each kind. As a
result, in regions where the total weight of farmed animals is high, the associated blue WF follows
the same trend. In contrast, with respect to grey water footprint calculation the decisive role is on
the animal species and on its corresponding waste production, rather than the total number of
animals. So, in Bolakos sub-basin even though the total number of animals is relative small
compared to other sub-basins within GRO1 the high number of poultry considerably affects the
corresponding grey WF calculated in this sub-basin.
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Figure 5. (a) Blue WF and (b) Grey WF of livestock compared to the total weight of raising animals in selected sub-
basins within GR0O1

On the contrary to what one might expect, woodlands contribute more than any other land use to
the total green water footprint in GRO1 water district (Figure 6a). The results may change
dramatically if the calculation of green water footprint does not include “woodlands” so then the
crops are, naturally, the main land use contributing to the green water footprint (Figure 6b) and blue
WF (Figure 6¢). On the other hand, industrial and livestock activities contribute to the pollution
burden of water recipients (large grey WF component) (Figure 6d).

5. DISCUSSION

Research discussions have been raised lately on the use of WF as a reliable tool in water
resources management. Sallam (2014) pointed out in his analysis that WF benchmarks for various
commodities should be established to obtain a more accurate estimation of water needs of a Nation
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especially in transboundary river basins. Mekonnen and Hoekstra (2014) developed WF benchmark
values for a large number of crops based on the spatial variability in WFs of crops worldwide. Their
study shows that if the green—blue WF of crop production is reduced worldwide to the level of the
best quarter of current global production, global water saving and water pollution in crop
production would be 39% and 54% respectively compared to the reference water consumption.
With respect to the contribution of green water footprint in agriculture production the results of the
analysis of Mekonnen and Hoekstra (2014) are consistent with those of Zoumides et al. (2014)
based on which in water-scarce regions the utilization of green water is critical as it reduces the
freshwater needs despite its low economic value.
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Figure 6. WF distribution per sector in GROI: (a) and (b) Green WF, (c) Blue WF and (d) Grey WF
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By estimating WF components for every land use in all sub-basins within GRO1, it is possible to
determine land uses that consume significant amounts of fresh water that is not used elsewhere or
land uses that significantly contribute to environmental burden of a sub-basin. The results of this
analysis have shown that woodlands’ water demand was mainly covered by precipitation (green
WF); croplands required significant amounts of fresh water resources (blue WF) and, finally;
industrial activity was primarily responsible for aquatic systems’ pollution (grey WF)). However, a
sensitivity analysis should be performed to quantify the uncertainty associated with the WF
indicator and its calculation per se. So, if it turns out that conclusions based on total WF estimation
at the river basin scale may be misleading due to the different land uses, it is also true that
conclusions based on each of the three WF components separately may be considered useful and
possibly relevant. For example, an estimate of blue WF could be used for the future planning of
water resources infrastructure (e.g. irrigation networks and reservoirs, urban water networks,
desalination plants) whereas an estimate of grey WF could be used to optimize fertilization
practices. From a water policy point of view, green WF could be used to estimate potential water
savings by partial reallocation and restructuring of crops between sub-basins where less water
consumption is required. Schyns and Hoekstra (2014) in their study in Morocco concluded that WF
is a key factor in determining efficient and equitable water allocation both on river basin and on
national scale as that may lead to more efficient use of green water that will reduce pressure on blue
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water resources.

From a macroscopic point of view, this analysis proved that total WF could not adequately
function as a major decision tool for the development of a reliable water resources management at
river basin scale especially at regions of the basin where agricultural, urban and industrial water
uses coexist. However, evaluation of WF components can provide good estimates of freshwater
needs (blue WF) and environmental burden to water bodies (grey WF) within a river basin if higher
spatial resolution information is available with respect to the allocation of permanent and seasonal
residents, the distribution of cultivated areas and of industrial units within the river basin and the
irrigation and fertilization practices.

6. CONCLUSIONS

The WF concept should be part of the resource cost as described in the WFD (Kanakoudis et al.,
2012). This work is a first attempt to use WF as a tool to introduce water policy actions at river
basin scale. A preliminary conclusion of this analysis is that areas with high total WF will not
necessarily be the ones that will suffer the most from a potential water shortage, which is true in
regions with high green WF. Thus, the identification of land uses that are responsible for high fresh
water consumption, and the ones that are identified as polluted, could contribute to the development
of RBMPs by improving the identification and implementation of concrete measures and actions in
particular areas in order to significantly reduce the negative impacts of unsustainable water
management. By taking into account the three WF components separately for the implementation of
mitigation measures, WF concept could contribute to sustainable water management practices, as it
gives clear spatio-temporal information related to the quantity of water required for different land
uses at river basin scale. Finally, it could lay the foundations for the development of practices and
policies for optimal water resources management.
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