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1 Introduction 

 

Water is the main driver in our everyday lives and it comes from the fact that life 

requires water (Savenije 2002). Considering freshwater as a source for food production, 

agriculture is the main user of water (UNESCO 2008). Agriculture stands for almost 70 

percent of global freshwater withdrawals (Pimentel et al. 2004, UNESCO 2008, FAO 

2012). Water is a finite resource (Mekonnen & Hoekstra 2010a) and industrialization 

and population growth in the 21st century would bring pressure on the freshwater 

resources (FAO 2012). Even though water is a renewable resource, but its availability 

varies over time and location on the planet Earth (Pimentel et al. 2004, Mekonnen & 

Hoekstra 2010a).  

 

According to FAO (1995) nearly 97.5 percent of the water on the globe is salt water 

(water in oceans and seas) which is not as such available for municipal, industrial and 

agricultural use. The remaining 2.5 percent shapes the freshwater resources. Almost 79 

percent of this freshwater is captured in glaciers and ice-caps (FAO 1995). The 

remaining 21 percent of freshwater includes the groundwater (20%) and surface water 

(1%) (FAO 1995). Ground and surface water is the main source in irrigation water use. 

Irrigated lands include 17% of the agricultural lands over the globe and it produces 

almost 40% of the world population’s food (Pimentel et al. 2004). Rain-fed agriculture 

stands for 80% of the agricultural lands worldwide (Rokström 2003), where 

evapotranspiration from fields is responsible for most of the consumptive water use (i.e. 

water that evaporates/transpires). More than half of the global precipitation water is 

transferred to atmosphere by vegetation transpiration (Pimentel et al. 2004) and in 

agriculture major evapotranspiration happens in croplands.  

 

Considering the share of rain-fed agricultural lands, the role of irrigated lands in food 

provision and the growing need for feeding the population worldwide water footprint 

accounting came into practice. It can be considered as a beginning in developing 

strategies for coping with water scarcity (FAO 2012). Water footprint accounting can be 
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a useful tool to measure and predict the consumptive water use in rainfed and irrigated 

agriculture (Dourte & Fraisse 2012). Considering the fact that global agriculture is 

responsible for 70% of freshwater withdrawal annually (UNESCO 2001, Pimentel et al. 

2004, Rost et al. 2008), it is important to consider the WF of agricultural crops and 

products in different agricultural systems. Irrigated croplands cover almost 17% of the 

total agricultural lands globally, but this share is responsible for 40% of the food 

produced globally (FAO 2002 & Pimentel et al. 2004). Here comes the importance of 

accounting WF of different practices, rain-fed versus irrigated and to consider the 

optimum agricultural system to meet the demands, which can be rain-fed, irrigated or 

combination of both. Dourte et al. (2014) suggested that management practices such as 

pest control, water use efficiency in irrigation systems could result in lower WF of the 

products. The former happens due to higher yield and the latter can be resulted from 

lower water use in irrigation practices (Dourte et al. 2014). 

Water footprint shows the human appropriation of freshwater resources in volumetric 

terms of water (Ercin & Hoekstra 2012). Simply saying, water footprint is the total 

amount of freshwater used in the production of items, such as food, clothes, machineries 

etc. (Hoekstra et al. 2009, Mekonnen & Hoekstra 2010a, 2010b). Green water footprint 

describes the amount of consumptive water use from precipitation (green water 

resources) and blue water footprint stands for groundwater and surface water use (blue 

water resources) (Hoekstra et al. 2011). Water footprint also includes the share of 

freshwater resources that is needed to assimilate the pollutants loading to the 

environment with regards to the existing ambient water quality standards and it is called 

grey water footprint (Hoekstra et al. 2011). In this study the focus is on the green and 

blue water footprints and due to the ambiguity of the general assumptions in grey water 

footprint accounting, this component is omitted from calculations. For the interested 

reader the procedure for grey water footprint accounting is given in Appendix I. 

 

Water footprint accounting can be done at global, international, national, subnational 

and catchment level (Hoekstra et al. 2011). It can be assessed from producer or 

consumer perspective. It can also be considered for agricultural growing crops where 

the focus is considered in this study. Below in Figure 1 one can see the boundary system 

in water footprint accounting of the growing crops. 
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Figure 1. Schematic boundary system of water footprint accounting considering the 

water footprint components. 

 

This research was done as a part of VEHMAS, Water Management Systems to Improve 

Energy and Nutrient Use Efficiency of Field Crop Production in Changing Climate, 

funded by the Ministry of Agriculture and Forestry of Finland, and EURO-AGRIWAT 

projects (ESSEM COST Action ES1106). The focus of this research was on the water 

footprint assessment and virtual water trade of key food and non-food agricultural 

products. The crops were chosen in this study were barley (Hordeum vulgare), maize 

(Zea mays), oats (Avena sativa), oilseed rape (Brassica napus), soybeans (Glycine max) 

and wheat (Triticum aestivum). The crop choice was made upon the availability of 

annual crop production in Finland and Iran.  

This study aims at water footprint accounting of the above mentioned crops over their 

growing season in Finland and Iran over the period of 2007−2012. After water footprint 

accounting, the amount of water that had been saved through crop trade instead of 

producing it inside the country borders was estimated (i.e. water saving (Hoekstra & 

Hung 2002):𝑆𝑛).  In order to account the water saving through trade in each country I 

needed to calculate the water footprint of the crops regarding their production 

availability in the country. It was found out that there is no oats production in Iran and 

no maize and soybeans production in Finland. And that explains the choice to calculate 

the water footprint of the crops in Finland and Iran and the later results in this study. 
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2 Literature review 

 

This section introduces water use efficiency, water footprint and virtual water concepts. 

Water footprint was developed by Hoekstra & Hung (2002) as a tool for the assessment 

of the human consumption of water resources. Virtual water was initially introduced by 

Allan (1996, 1998) in order to evaluate the trade patterns of crops in MENA (The 

Middle East and North Africa) countries. As it was not possible to produce sufficient 

food in the water scarce areas, thereafter, importing crops such as wheat (Triticum 

aestivum) from water abundant areas was considered as a solution. As the water was 

imported to the county in a virtual form through the imported crops, it was referred to as 

virtual water (Allan 1998).  

 

2.1 Water Use Efficiency 

 

Water use efficiency (WUE) is an indicator to describe the level of performance of 

irrigation systems and it is defined as a ratio between estimated plant water 

requirements and the actual water withdrawal (FAO 2003). According to Katerji & 

Mastrorilli (2001) concept of water use efficiency has a broad meaning in irrigated 

agriculture, as it explains the ratio between yield (𝑘𝑔 𝑚−2) and water consumption by 

crops or plants (𝑚3𝑚−2). The former can be defined by two parameters: biomass dry 

matter and marketable yield and the latter means the actual crop evapotranspiration over 

the growing season (Katerji & Mastrorilli 2001). In this research marketable yield is 

more interesting due to the further explanations of water footprint of the crops, as they 

both contain yield and water volume of crop production. Marketable yield is considered 

as the yield that is defined by FAO (2015), which considers the dry matter yield. 
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There are two main approaches in water use efficiency calculation (Katerji & Mastrorilli 

2001): 

 

a) The eco-physiological approach, which considers the carbon assimilation rate and the 

transpiration rate per leaf unit area in the water use efficiency estimation. 

b) The agronomical approach, which calculates the water use efficiency of the crops 

regarding their yield and consumptive water use. 

The focus in this study is on the agronomical approach. 

 

Due to the importance of irrigated agriculture in a semi-arid country of Iran (FAO 2003) 

and the predicted early droughts in growing season due to the climate change  in 

Finland (Mäkelä et al. 2008) and the potential for developing future irrigation systems 

in Finland (Peltonen-Sainio et al. 2015) the concept of water use efficiency was 

considered in this study. This section gathered information from the available researches 

on water use efficiency in Iran and Finland. According to Mäkelä et al. (2012) the share 

of the irrigated crops in Finland has a similar amount as in Sweden which was 1% of the 

total crop area in 2006. This explained the little interest in irrigation researches and 

evaluating water use efficiency of the irrigated systems in those countries. No 

scientifically reported study was found on the water use efficiency of the selected crops 

in Finland or Sweden. The previous studies, which contained the calculation of water 

use efficiency of the selected crops (barley, maize, oats, oilseed rape, soybeans and 

wheat) in Iran, are presented below in Table 1.  

 

Table 1. Water Use Efficiency of the crops in Iran according to previous studies. 
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I4:3.05) 
& IWUE 
(I1:3.57, 
I2:3.92, 
I3:3.88, 
I4:4.11 
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 ¹ Majnooni-Heris et al. 2014: ² Ghadami Firouz Abadi et al. 2010: ³ Faraji et al. (2009): 

⁴ Rafiee & Shakarami (2010): ⁵ Dahmardeh (2014): ⁶ Banedjschafie et al. (2008): ⁷ 
Movahed (2012): ⁸ Abedinpour (2012).  

 

2.2 Virtual Water Content and Water Footprint 

The virtual water content of a product (VWC) is the water that is embodied in the 

product in a virtual sense (Allan 1996, 1998). It is the same as the water footprint of the 

product including the water footprint of production stages (Ridoutte & Pfister 2009). It 

refers to the amount of water needed to produce a certain amount of product (Chapagain 

& Hoekstra 2004). It can be expressed as the water footprint (WF) of a product, which 

at the national level shows the water consumed within a country and outside its borders 

to produce the product (Chapagain & Orr 2009). In a recent study on the water and 

carbon footprint concepts, Ercin & Hoekstra (2012) explained these footprint indices as 

an indicator of pressure on the planet’s natural resources. They considered the water 

footprint as a measure of human-induced pressures on the environment and natural 

resources that are used by humans. Chapagain and Hoekstra (2004) defined the virtual 

water content of a product as the volume of water used to produce the product in 

production site. The amount of water that would have been required to produce the 

product in the importing countries can be named as virtual water content at consumption 

site (Chapagain & Hoekstra 2004). Considering the fact that most of the water in crop 

production is not included in the end product the term virtual water content becomes 

meaningful (Chapagain & Hoekstra 2004). The actual water content of the final product 

is negligible compared to the virtual water content (Chapagain & Hoekstra 2004) and 

that is the reason why in calculation of water footprint and virtual water the actual water 

content of the products (in this study the case goes to the selected crops) are not 

considered.  
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Following the work by Hoekstra et al. (2011) and Vanham & Bidoglio (2013), Vanham 

et al. (2013)  a distinction between the WF of consumption (WFcons.) and  the WF of 

production (WFprod.) was drawn in developing and analyzing the WF concept locally 

and globally. The WF of consumption includes the water use in producing the goods 

and services within the borders of a region that can be used domestically or be exported 

to other regions (Chapagain & Hoekstra 2004). The WF of consumption encompasses 

all the water resources used within and outside the region for the goods and services 

used by the population within the region. Furthermore, the virtual water flows are used 

to create the balance between WFcons. and WFprod.(Vanham et al. 2013).  

According to Mekonnen & Hoekstra (2010a), Liu et al. (2009) and Liu & Yang (2010) 

separated for the first time the blue and green water consumption in their calculations. 

Grey water footprint was firstly introduced by Hoekstra & Chapagain in 2008 (Hoekstra 

et al. 2009). Aldaya & Hoekstra (2010) accounted three components of water footprint 

of wheat in separate regions in Italy (Mekonnen & Hoekstra 2010a).  

 

According to Ercin & Hoekstra (2012), the WF can be defined as an indicator of 

freshwater appropriation, which is measured in volumetric consumed water (evaporated 

or embodied in the product) and polluted water per unit of time. The definition can be 

broadened by considering a particular product or process of producing the product and 

from the consumer or producer point of view, both direct and indirect water use can be 

analyzed and included. Considering that the WF is defined geographically and it is a 

transitory indicator that presents the locally consumed and polluted water volume, more 

local-based approaches for assessing the WF would be expected. In this study, I focused 

on the production of agricultural crops within the borders of the selected countries 

(Finland and Iran). 

 

I found Figure 2 useful in order to have a general understanding of water footprint and 

virtual water accounting. It shows in a schematic way that by using the input data for 

e.g. the AQUACROP model, evapotranspiration (ET) values are estimated and based on 
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ET values crop water use during the growing period of the crops are calculated. 

Considering the yield values, the water footprint of each crop was estimated and at the 

end by using the crop trade values over the study period of 2007 to 2012 the water 

saving (or net virtual water import according to Hoekstra & Hung 2002) due to import 

balance of crops were calculated. In the connection of water trade the terms water 

scarcity (WS), water dependency (WD) and water self-sufficiency are often used. They 

are introduced later in section 4.3. 

 

                     

Figure 2. Schematic calculation of water footprint and water saving (or net virtual water 

import).  

 

2.3 A Short History of Virtual Water and Water Footprint Concepts 

 

Allan (1996) defined the concept of virtual water as the embodied water in 

commodities, for instance in grain trade in the Middle East and North African (MENA) 

countries. This grain trade could affect the water deficit by decreasing the need for 

producing the grains locally, and instead, importing the grains could reduce the pressure 

on the local water bodies. According to Allan (1998), the food production sector 

consumes more than 90% of a national economy’s water and the remaining water 

percentage is used for drinking and domestic consumption. FAO reported in 1993 that 
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the largest water consuming sector was agriculture and almost two-thirds of the river, 

lakes and aquifers’ water volume was consumed in the irrigation sector (FAO 1993).  

The World Water Development Report (2003) showed that 70 percent of the total 

world’s freshwater is consumed by agriculture. Allan (1998) divided the need for water 

into demographic demands (changes with population growth) and dietary patterns in 

each region. The latter could cause a greater water deficit, for instance, one kilogram of 

beef meat required 16 times more water than one kilogram of wheat (Allan 1998). The 

rate might be different in other studies. For example, in the research by Mekonnen & 

Hoekstra (2011, 2012) the WF of wheat was 1827 m
3
/ton while the WF of beef was 

7477 m
3
/ton. So the WF can show at least the difference in diets and the importance of 

our everyday diet in terms of the pressure we might cause on water bodies. Following 

the research by Allan (1996, 1998, 2001), other researchers such as Hoekstra & Hung 

(2002), Chapagain & Hoekstra (2003), Zimmer & Renault (2003), Oki et al. (2003), 

Yang et al. (2006), Fraiture et al. (2004), and Mekonnen & Hoekstra (2011, 2012) 

quantified the WF of products and the virtual water flows for different product 

categories. For example the WF of nations was calculated for many countries and the 

virtual water content of some crops and products were shown by Chapagain & Hoekstra 

(2004). For the interested reader, I suggest the study by Mekonnen & Hoekstra (2010b), 

where in the second volume of the main report one can find the appendices according to 

the calculated WFs of crops in each country. 

 

Chapagain & Orr (2009) concluded that the WF of a nation could help us to understand 

the origin of the water in production and further to consider appropriate production sites 

to export water virtually. It was developed firstly by Hoekstra & Hung (2002) by 

calculating the average WF of a nation for few primary crops by using the blue water 

withdrawals (water from rivers, lakes and reservoirs) as a domestic water use added to 

the net virtual water import corresponding to the international trade. According to 

Hoekstra & Chapagain 2007 the WF concept was defined in analogy to the ecological 

footprint concept, which was developed earlier in 1990s by Rees (1992), Wackernagel 

& Rees (1996), and Wackernagel et al. (1997). The assessment was broadened by 

Chapagain & Hoekstra (2003) considering livestock and its products’ trade. 

Furthermore, Chapagain & Hoekstra (2004) considered the effective rainfall to calculate 



16 
 

the green WF which was consumed domestically. Although couple of studies (Hoekstra 

& Hung, 2002, 2005; Chapagain & Hoekstra, 2003, 2004; Chapagain & Orr, 2008) 

focused on the WF calculations, they did not explore the appropriate production sites 

according to the calculated WFs. 

 

Chapagain et al. (2006a) assessed the pollution impacts of the consumption of cotton 

(Gossypium spp.) products. They used the local climate data from the production areas 

and also local crop characteristics were taken into account with the volume of available 

water supply used in crop production to quantify more virtual water variations in the 

countries under the study. 

 

Following the work of Chapagain (2006) and later Hoekstra & Chapagain (2008), the 

WF and VW concept was developed under a comprehensive definition of crop 

production from open systems while it did not include the climatic variations in covered 

systems. According to Chapagain & Orr (2009), in all of the mentioned studies from the 

start, they assumed to have one dominant season for calculating the crop water use 

while the crop can be grown during different seasons of the year. In other words, the 

inter-seasonal variation of the crop water use and consequently the VW content of the 

crops which can be harvested more than once a year, were not considered. It was in 

2012 when one agreed set of standards were published for the WF assessment by 

Hoekstra and the colleagues. It can be considered as a basic step in the assessment of 

the WF regarding different uses in industry, agriculture etc. (Hoekstra et al. 2011). They 

explained the calculation of the WF of a process step, product, consumer, 

geographically delineated area, catchments and river basins, administrative units and 

businesses. Depending on the interests of the study, the assessment focus would be 

different. For example, administrative units such as municipality would be interested in 

assessing the WF of the region and it can be defined in the municipality or even in the 

province. Assessing the dependency on the limited water resources in the supply chain 

can be an example from the company perspective. 
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The amount of green, blue and grey water footprint of the selected crops for this study 

which were calculated by Mekonnen & Hoekstra (2010b) are shown in Table 2. 

Considering the crop production values in each country the total water footprint of the 

crops were calculated in unit of Mm³/year and it is shown in Table 3. Their calculation 

of green, blue and grey water footprint was based on the calculation framework of 

Hoekstra et al. (2011). They used a grid-base dynamic water balance model to estimate 

a daily soil water balance (Mekonnen & Hoekstra 2010b, 2011). They calculated crop 

water requirements, actual crop water use and actual yield for 146 crops and more than 

200 derived products at the global scale (Mekonnen & Hoekstra 2010b, 2011). For 20 

crops out of 146 crops, the CROPWAT 8.0 model was used to produce crop water use 

values (Mekonnen & Hoekstra 2010b, 2011). Their model computed crop 

evapotranspiration and yield based on the method and assumptions given by Allen et al. 

(1998) considering that crop growth happened under non-optimal conditions 

(Mekonnen & Hoekstra 2010). 

 

Table 2. Average green, blue and grey water footprint of the crops in rain-fed and 

irrigated practices in Finland and Iran during 1996−2005 (m³/t) (Data source: 

Mekonnen & Hoekstra 2010b). 

 

   
Barley Wheat Maize Oats 

Oilseed 

rape 
Soybeans 

Finland 687 741 0 826 3199 0 

Iran 1906 4162 1615 0 0 3960 

 

 

Table 3. Average green, blue and grey water footprint of the crops in rain-fed and 

irrigated practices considering their productions in Finland and Iran during 1996−2005 

(Mm³/year) (Data source: Mekonnen & Hoekstra 2010b). 

 

 
Wheat Barley Maize  Oats Soybeans Oilseed rape 

  Finland Iran Finland Iran Finland Iran Finland Iran Finland Iran Finland Iran 

Green WF(RF) 393 19372 1156 2221 0 136 742 0 0 75 210 0 

Green WF (Irr.) 0 7326 0 1198 0 185 15 0 0 42 0 0 
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RF means rain-fed practice in agriculture. 

Irr. means irrigated practice in agriculture. 

T stands for total green water footprint. 

 

One can notice that in Finland there is no blue water footprint of crops (Table 3). This is 

due to the fact that the cropping systems of grain crops in Finland are rain-fed 

(Peltonen-Sainio et al. 2015). The share of green water footprint is the highest in 

Finland and Iran and that shows the importance of green water footprint accounting in 

both countries. The share of blue water footprint of selected crops in Iran was around 

one-third of the total water footprint which shows the considerable irrigated agriculture. 

According to Siadat et al (1998) around 90% of the total agricultural production came 

from irrigated agricultural fields in Iran and that shows the importance of considering 

blue water footprint in calculations. Grey water footprint in both countries had the 

lowest share and due to the ambiguity in the assumptions of grey water footprint 

accounting, this component was not considered in this research. It is suggested for the 

further research in this topic to account grey water footprint at basin or catchment level 

in order to show the share of local freshwater in the assimilation of pollutants. 

 

2.4 The units of Water Footprint 

 

Measurement unit for WF is the water volume (L or m
3
) per unit of time (day, month or 

year). It can be measured at the product level as the volumetric water per unit of 

product, which can be mass, volume, energy content and prices (Hoekstra et al. 2011). 

Various measurements were presented by Mekonnen & Hoekstra (2012) for the WF per 

kg of crop, per kcal or per g of protein. In this study, the unit m
3
 per ton of the crop (dry 

grain only, FAO 2015) was used.  

 

 

Green WF (T) 393 26698 1156 3420 0 321 757 0 0 117 210 0 

Blue WF (Irr.) 0 10940 0 226 0 805 0 0 0 366 0 0 

Grey WF 14 3208 49 630 0 450 27 0 0 16 5 0 

Total WF  407 40846 1205 4276 0 1576 784 0 0 499 215 0 
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2.5 The Components of Water Footprint 

 

As described above, according to Hoekstra et al. (2011), WF has three components 

which can be defined as follows: 

Blue WF: consumptive ground and surface water use or “It refers to the consumptive 

use of the run-off flow, in other words, the abstraction of run-off from the catchment 

insofar as it does not return to the catchment in the form of return flow” (Hoekstra et al. 

2011). 

Green WF: consumptive rain water use that stored in soil as moisture or “It refers to the 

human use of the evaporative flow from the land surface, mostly for growing crops or 

production forest” (Hoekstra et al. 2011). 

Grey WF: “the amount of freshwater needed to assimilate the pollutants leached to the 

environment with regards to ambient water quality standards” (Hoekstra et al, 2011). 

 

According to Perry (2007), the amount of water that is evaporated in a catchment area is 

no longer available for other purposes in that catchment and is termed consumptive 

water use and Ercin and Hoekstra (2012) described it as the included water in a product, 

which is consumed by the customers within the borders of the region or transported to 

other basins, seas or areas. 

 

2.6 Agriculture in Finland and Iran  

 

In this section, the selected crops, the agricultural practices and the history of 

agriculture in two countries are presented briefly to provide a reader with proper 

background understanding on this case study. Information regarding the arable land, 
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mean yield, sowing dates, length of growing season and agricultural practices (rain-fed 

v. irrigated) were presented in Table 4. 

 

Table 4. Information regarding agriculture in Finland and Iran (2007−2012).  
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¹& ² FAOSTAT (2014): ³, ⁴ & ⁵ Natural Resource Institute Finland (formerly Tike 2014) 

& Ministry of Agricultural Jihad Iran (2014). 

 

 2.6.1 Agriculture in Finland 

 

Finland is considered as one of the northernmost countries in the world, located 

between 60
th

 and 70
th

 latitude, which can benefit from favorable agricultural conditions 

in the south and south-west. Growing period varies between 183 days in southern 
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Finland to 136 days in northern Finland (Finnish Ministry of Agriculture and Forestry 

2013).  

 

In Finland, temperature and rainfall variations in the early growing season are the 

reasons that can limit the agriculture (Peltonen-Sainio et al. 2011). Short growing 

degree days and the cold summer define the species for cultivation, which are adapted 

to the short growing season and they can also mature for harvesting quickly (Peltonen-

Sainio et al. 2011). Although the estimation according to the climate change forecasts 

show the lengthened growing seasons from three to five weeks by 2050, and it can favor 

the crop cultivation in the northern Finland, but then again it can harm the crops in late 

summer due to the lack of sufficient precipitation (SYKE & MTT Anonymous 2011). 

The fact of warmer growing season (regional or global effect of increasing temperature) 

cannot lead to the harvest increase, as it can damage the crop growth in early stages 

(SYKE & MTT Anonymous 2011). For example, the dry condition after the spring 

rainfall which can harm the crop potential or the crop growing stages, would be step up 

by the excessive temperature (i.e. the faster change from flowering stage to grain-filing 

stage which results in less harvest) (SYKE & MTT Anonymous 2011).  

 

According to Tike (Agricultural Statistics Finland) (2013), the total number of farms 

was less than 57,600 in year 2013, and small-scale farming is more preferable among 

the farmers as the Finnish agriculture is based on family farms. Heinonen in 2013 

reported that Finns are inclined to keep the rural inhabited areas in good conditions that 

it helps the agricultural sector to survive in a productive way. According to MTT (2014) 

in year 2013 in Finland there was 57599 farms with the size over 1 ha that applied for 

agricultural support. It showed the 2.3% decrease in the number of farms comparing to 

year 2012 (1300 farms less) (MTT 2014). The decrease was the greatest in Eastern 

Finland (40%) since 1995 (MTT 2014). Even though the number of farms has been 

decreasing over 1995−2013 in Finland, the size of farms grew drastically (MTT 2014). 

The size of the farms which received agricultural support grew from 22.8 ha in 1995 to 

39.6 ha in 2013. 
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The area of 2286,000 hectare of agricultural land is accounted for 7.5% of total land 

area of Finland (World Bank 2011) and around 3% of the total freshwater withdrawal is 

used in agriculture (Country Fact Sheet, AQUASTAT 2013).  The major share of the 

freshwater withdrawal is in industries and as far as Finland is a country that is heavily 

industrialized, the share of 72% of fresh water use in industrial sectors is understandable 

(World Bank 2014). For example, in 2010, 99.4% of the surface water abstraction in 

Finland was used in manufacturing industries (EUROSTAT 2014). Manufacture of 

paper and paper products, which are the main water-intensive activities in Finland, is 

the highest per capita (180.3m
3
/inhabitant) in Europe (EUROSTAT 2014). 

 

According to MTT (2014) livestock farms which applied for agricultural support had a 

share of 52% of the farms in 1995 and it decreased to 25% in 2013. On the contrary 

crop farms showed an increase in the share of farms from 39% in 1995 to 69% in 2013 

(MTT 2014). Cereal production sites are located in southern and south-western Finland 

and partly in Ostrobothnia where the main bread grains including wheat (Triticum 

aestivum L.) and rye (Secale cereale L.) (Heinonen 2013). According to FAOSTAT 

(2014) the major crops produced in Finland are spring barley (Hordeum vulgare L.), 

oats (Avena sativa L.), wheat, oilseed rape (Brassica napus L.) and rye. The average 

yearly production of the given cereals during 2009−2013 is given in Figure 3 

(FAOSTAT 2013).  
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Figure 3. Average yearly production quantity of barley, oats, oilseed rape (rapeseed), 

rye and wheat in Finland during 2009−2013 (source: FAOSTAT 2013), (k = Thousand) 

 

As it is shown in Figure 3, barley is the main cereal produced in Finland during 

2009−2013. It is followed by oats and wheat and oilseed rape has a very small share in 

production. Unfavorable climatic condition to maize and soybeans cultivation kept the 

production rate for those crops at the zero level. Figure 4 shows the average share of 

selected crops during 2007−2012 in Finland. Agricultural practices in Finland were 

often in combination with forestry, which is the dominant land use (almost more than 

70% of the total land in Finland is covered by forests). The information regarding the 

selected crops for study in Finland is given below in Table 5. 
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Figure 4. Share of the selected cereal production in Finland (in percentage) during 

2009−2013, (FAOSTAT 2013).  

 

Table 5. Crops selected in Finland and their area under harvest (1000 ha), crop 

cultivation areas in the country, length of growing season for each crop and agricultural 

practices.  
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 ¹, ² & ⁴Natural Resource Institute Finland (2015): ³FAOSTAT (2014), ⁵Peltonen-Sainio 

et al. (2013), ⁶Peltonen-Sainio et al. (2011) 
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2.6.2 Agriculture in Iran 

 

Iran is located between 25˚ N 45˚ E and 40˚ N 65˚ E and its elevation changes from 

below sea level to more than 5000 meters above sea level (FAO 2005). Geographical 

variations enable the country to produce different crops and fruits annually. Agriculture 

is an old practice in Iran which started 6000 to 8000 years ago (FAO 2005). Qanats and 

local dams were the major technologies used to supply the water demand and irrigation 

(FAO 2005). Availability of the agricultural land is not a limit in Iran, but the water 

availability due to low precipitation and high evaporation is the constraint to expand the 

agricultural sector (FAO 2005). Annual precipitation varies over a wide range from 25 

mm in Central Plateau to 2000 mm in the Caspian coastal plain and the national annual 

average precipitation is around 250 mm (FAO 2005). The average yearly rainfall was 

228 mm in Iran in 2008, where 66 percent was evaporated on the way to the rivers 

(FAO 2009). Arable land stands for almost 10.4% of the total land of the country (FAO 

2009). According to FAO (2009), the estimated irrigation potential in Iran was 15 

million ha in 2003, which stood for 29% of the total arable land. In reality 8.13 million 

ha was equipped for irrigation, which was almost half of the potential irrigation land in 

2003 (FAO 2009). The total cultivated area was almost 18 million ha in 2009 (Table 5, 

FAO 2009). Nowadays, surface irrigation is mainly applied for the areas equipped for 

irrigation (91.4% of total area equipped for irrigation). Localized and sprinkler 

irrigation account for less than 10% of area equipped for irrigation (FAO 2009).  

 

Small scale farming is practiced in Iran. From 1960 to 1993 there has been a decreasing 

trend in the size of farms (from 6 ha to 5.5 ha), but on the other hand the number of the 

farms has increased from 1.8 to 2.8 million units in that period of time (FAO 2009). 

Farm size of 10 ha covered 80 percent of the farming units, which were mostly spread 

in north-western, western and south-western Iran (FAO 2009). 

 

The possible areas for rainfed cultivation is northwest, west and along the Caspian Sea 

but during the recent years, irrigated agriculture was accounted for production of 89% 



26 
 

of total agricultural products, which shows the importance of irrigated rather than 

rainfed agricultural systems in Iran (FAO 2009). Cereal harvesting areas accounted for 

almost 29 percent of annual crops (FAO 2009). Area under irrigation and cropping was 

over 8.5 million ha in 2003 and the most common cereals that are produced in Iran are 

wheat, barley and rice (Oryza sativa) which in 2000 accounted for around 63%, 15.5% 

and 13.5% of the cereal production, respectively (FAO 2009). In 2012, cereal 

production covered 72.7% of the total arable area (i.e. 8.9 Mha out of 12,2Mha), in 

which wheat was cultivated in 71.9% of total area under cereal production (MAJ, 

Agricultural Statistics 2012). In the same year cereal production was 16.4 Mt where 

wheat covered 56.6% of total cereal production (MAJ Agricultural Statistics 2012). 

Irrigated wheat stood for 9.3Mt of production, while rain-fed wheat production was 

2.88Mha (MAJ Agricultural Statistics 2012). Table 6 shows the total arable area under 

cereal production, irrigated and rain-fed share of arable lands and their associated 

production from 2007 to 2012 (MAJ Agricultural Statistics 2007−2012). 

 

Table 6. Total arable land (Mha), total cereal production (Mt), and their associated 

irrigated and rain-fed shares in Iran (MAJ Agricultural Statistics 2007−2012). 

 

Arable Area  Production  

 Year 
Irrigated 

(%) 

Rain-fed 

(%) 

Total 

(Mha) 

Irrigated 

(%) 

Rain-fed 

(%) 

Total 

(Mt) 

2007 57.7 42.3 10.5 94.4 5.6 53.3 

2008 49.9 50.1 12.4 88.4 11.6 62 

2009 52 48 12 89 11 69.5 

2010 53.2 46.8 12 89.9 10.1 77.2 

2011 53 47 12.4 91 9 65.5 

2012 52.1 47.9 12.2 90.97 9.03 68.1 

 

 

Agriculture in Iran is developed on small scale farming and according to FAO (2009) 

80% of the total farming units are categorized as small scale farms (with areas less than 

10 ha) which are spreading over 5 agricultural basins (Markazi, Persian Gulf and Gulf 

of Oman, Khazar, Lake Orumieh, Hamoon and Sarakhs). Cooperative companies have a 

small share (almost 5%) in agricultural area and it consists of 8 members (FAO 2009).  

Each company is 40 ha in size and most of these companies are located in southwest 
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Iran, in Khozestan Province, where the companies own almost 14% of the arable lands 

(FAO 2009). 

 

Nowadays, expanding the agricultural area cannot be the solution for meeting the food 

demand in Iran. Agricultural sector should improve the intensification of the crop 

production by improving the water use efficiency in irrigated agriculture, greater genetic 

diversity of plant species and efficient use of fertilizers (FAO 2005). The information 

regarding the selected crops for study in Iran is given below in Table 7. 

 

Table 7. Crops selected in Iran and their area under harvest (1000 ha), yield (t/ha), 

length of growing season, crop cultivation areas in the country and agricultural practices 

(FAOSTAT 2014 & Ministry of Agriculture Iran 2014). 

 

 

Iran 

Arable 

land 

(1000 

Ha) 

irrigated

¹ 

Arabl

e land 

(1000 

Ha) 

rain-

fed² 

Yield³ 

(kg/ha) 

Main Cultivation areas⁴ 

(Provinces) 

Length of 

Growing 

season⁵(days

) 

Agriculture 

practice⁶ 

Barley 715 920 2000 
Hämedan, Khorasan-e-

Räzävi, Azerbaijan, Fars 
155 

rain-

fed/irrigate

d 

Maize 290 0.015 5980 
Khuzestan, Fars, 

Kermanshah, Kerman  
130 irrigated 

Oats 0 0 0 0 0 0 

Oilseed 

rape 
57.9 35.66 2060 

Golestan, Mazändäran, 

Fars, Khuzestan 
150 Irrigated 

Soybean

s 
57.08 9.293 2450 

Golestan, Ardebil, 

Mazändäran 
130 Irrigated 

Wheat 2400 4000 1990 

Fars, Khuzestan, 

Mazändäran, North-

western and Northeastern 

Iran 

145-211 
Rain-

fed/Irrigate

d 

Total 

country  
17709 

    

¹, ², ⁴, ⁵ & ⁶ Ministry of Agriculture Jihad Iran (2014): ³ FAOSTAT (2014). 
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2.7 Selected crops for the study 

 

The crops which were selected in this study are wheat (winter and spring), barley 

(winter and spring), maize, oats, oilseed rape and soybeans. General description of the 

selected crops and their production in each country is provided below. The trade 

quantities of the imported crops such as soybeans and maize to Finland are given as 

well. 

 

 

2.7.1 Wheat (Triticum aestivum) 

 

Wheat which is known as common wheat or bread wheat is a main part of the Iranian 

every-day diet. Iranians have wheat bread in almost three course meals each day, while 

in Finland rye bread is often the staple of food and diet in Finland (Finnish Cereal 

Committee 2014). According to GIEWS (2014), winter wheat is the main cultivated 

crop in Iran, which stands for the around 70 percent of the total cereal production. 

According to FAO (2012), the area under wheat production in Iran was 7,000,000 ha 

and the mean yield was 1.97 t/ha, so the total wheat production in 2012 was 13,800,000 

t. Figure 5 shows the map of wheat production areas in Iran in 2005 (The United States 

Department of Agriculture, Foreign Agriculture Service 2012). At the same year in 

Finland, the total area under wheat production was 227,300 ha with the yield of 3.90 

t/ha, which resulted in total production of 887,100 t (FAOSTAT 2012). According to 

Tike (2013), the total wheat production (winter and spring) was 869,400 t in year 2013 

in Finland.  
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Figure 5. Map of wheat production areas in Iran in 2005/2006 (map is provided by: 

USDA/FAS 2012 and permission to publish the figure obtained from Michael Shean 

2015). 

 

In Iran, rainfed wheat cultivation is a major part in wheat production, as only one-third 

of the wheat area is under irrigation (GIEWS 2014). The main areas for rain-fed wheat 

production are located in the north-west of Iran where the climatic conditions favor the 

cultivation requirements. The distribution of the rain-fed wheat cultivation is shown in 

Figure 6 which is based on data in 2005/2006 (The United States Department of 

Agriculture, Foreign Agriculture Service 2008).  
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Figure 6. Map of rain-fed winter wheat cultivation in Iran in 2008 (map is provided by 

USDA/FAS 2008 and permission to publish the figure obtained from Michael Shean 

2015).  

 

Bread wheat (94%) and durum wheat (6%) are the dominant wheat types produced in 

Iran (Wheat Atlas 2014). Dominantly in the Middle East region, the wheat is cultivated 

from September first to the end of November and the harvest period starts from April 

first and it ends in late August. In a recent study by USDA/FAS (May.2014, 

April.2015), wheat production in year 2015 in Iran would decrease down to 10.34% due 

to the low winter precipitation and it would mainly affect the northern and northeastern 

wheat cultivation areas (Golestan and Khorasan).  
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In Finland spring wheat is among the top four cereal crops (barley, oats, wheat and rye) 

that are produced in larger scale (Finnish Cereal Committee 2014). The spring wheat 

sowing date starts usually in May and the growing season continues to September and 

the harvesting time is from late August to September depending on the area and year 

(Ministry of Agriculture and Forestry Finland 2013). Main wheat production areas are 

located in southern (Uudenmaa) and south-western (Varsiais-Suomi) Finland 

(EUROSTAT 2014, Luke 2015). In Finland around half of the produced wheat is used 

as livestock feed and the rest is the share of foodstuff and industry (Finnish Cereal 

Committee 2014).  

                                    

2.7.2 Barley (Hordeum vulgare) 

                        

Barley is among the four most important cereal crops in the world after wheat, maize 

and rice (FAO 2004). During the last century barley was cultivated and used as human 

food, but in 21st century it has been produced mainly for animal feed, malt products, 

and human food supply respectively (FAO 2004). Generally speaking, barley is more 

productive than wheat and other small grains and seasonal variations can affect its yield 

less than other small grains (FAO 2004). Barley can tolerate the lower temperature 

better than wheat (FAO 1994), so the Finnish climate can be favorable to barley 

production and this fact explains the high quantity of barley production (1514300 

tonnes in 2011) and export (477356 tonnes in 2011) in Finland compared to other 

cereals (TIKE: Crop Production statistics 2013,  FAOSTAT 2012). Barley after wheat is 

the second most produced cereal crop in Iran (FAOSTAT 2014). Its production in Iran 

was estimated 2812117 tonnes in 2012 (MAJ: Agricultural Statistics 2012). 

 

In Finland barley is usually sown in May and harvested late July to August depending 

on the year (Finnish Cereal Committee 2014), but in Iran it can be winter or spring 

barley, depending on the area of cultivation. In Iran, area under barley cultivation is 

mostly rainfed (average of 56.2% in 2012, Agricultural Statistics MAJ 2012) and most 

of the fields are located in high altitudes, for example in Azerbaijan, central and 

northwestern Zagrous, Alborz and the northern Khorasan mountain range (Agricultural 



32 
 

Statistics, MAJ 2012). Irrigated barley cultivation is limited to couple of places in Iran. 

Farmers water the fields once or twice before the winter rains and three to four times 

during the spring. In Iran, sowing season for winter barley is November and the harvest 

is between May and June (Agricultural Statistics, MAJ 2012).  

 

2.7.3 Oats (Avena sativa) 

 

Oats stands among the top six cereals produced in the world (FAO 2004). It is one of 

the original foods for breakfast and it provides rich fodder to horse feed (FAO 1994). 

Cool moist climate is favorable to oats production (FAO 2004) and this explains the fact 

that in marketing year of 2012/2013 Finland after Canada was the largest oats exporter 

in the world (Finnish Cereal Committee 2014). According to FAOSTAT (2014) oats is 

the second highest produced crop in Finland after barley. World oats production mainly 

happens in northern latitudes (between 35° and 65° N), which includes e.g. Finland and 

Norway, and between latitudes 20° to 46° S (FAO 2004). Spring-sown oats is the 

dominant cultivar that is used worldwide, but in areas with hot summer and also in high 

altitude areas such as Himalaya-Hindu Kush range the autumn-sown cultivar is used 

(FAO 2004). In areas with severe winter conditions, mostly short- to medium-season 

maturing oats cultivars are used (FAO 2004). 

Finland is the leading country in producing the organic oats in Europe and the fifth 

largest producer of oats in the world after Russia, Canada, Poland and Australia in 2012 

(FAOSTAT 2014) and it stood for around one-fifth of the world oats production in 2009 

(Ministry of Agriculture and Forestry Finland 2009). According to TIKE (2014) oats 

production in Finland in 2014 was 1.039 million metric tonnes. It showed a decrease in 

production compared to year 2013, where oats production was 1.197 million metric 

tonnes (TIKE 2014). The USDA (2015) provided similar data on Finnish oats 

production, which showed the increase in quantity during the last two marketing years 

(oats production was 1.068 million metric tonnes in 2012/2013 and 1.229 million metric 

tonnes in 2013/2014) and it predicted a slight decrease in oats production in 2015 (1.200 

million metric tonnes in 2014/2015).  
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According to Agricultural Statistics of MAJ (2014) and FAOSTAT (2014) there is no 

recorded data for oats production in Iran, as the crop growing conditions are not 

favorable to this crop, since it is sensitive to the dry, hot weather between emergence 

and maturity (FAO 2004). There is no trade data concerning oats crop in Iran (MAJ 

Agricultural Statistics 2014, FAOSTAT 2014). 

 

2.7.4 Maize (Zea mays)    

  

Maize is one of the most important cereals for humans and animal consumption (FAO 

2013) and also it is used in starch production worldwide (FAO 1994). Maize is grown 

for its grain and forage (FAO 2013). It is the second highest produced commodity after 

sugar cane (Saccharum officinarum) in the world where in 2013 it was produced around 

1 billion metric tonnes worldwide (FAOSTAT 2014).  

Corn is the major component of animal feed in Iran, which is produced and imported 

annually to the country (Ghiasian et al. 2006). The annual maize production in Iran in 

2012 was 1.512 million metric tonnes where 99.99% of maize was produced by 

irrigated agriculture (MAJ Agricultural Statistics 2012). It almost covered 350,000 ha of 

the harvested area in 2012 (FAOSTAT 2014). According to Ghiasian et al. (2004), four 

largest maize producing areas are located in the south, southwest and north of Iran 

including Fars, Khuzestan, Kermanshah and Mazandaran provinces. 

                      

 One needs to notice that the major country’s need for maize is met by maize import. 

For example, in 2012 country of Iran imported 4.5 million metric tonnes of maize, 

which was the second highest cereal crop import after wheat (Statistical Centre of Iran 

2014).  

                                   

Due to the fact that climatic condition for maize production ranges from temperate to 

tropic and the mean daily temperature over the growing season of maize should be 

above 15 °C without any frost (FAO 2013), there is no large scale maize production in 
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Finland (TIKE 2014 and FAOSTAT 2014). According to United Nations Statistics 

Division Finland imported 1618 tonnes of maize in 2012, which was almost seven times 

more than maize import in the previous year (UN Comtrade database 2013, FAOSTAT 

2013). The reason can be sought in agro-economic researches for further studies. 

      

2.7.5 Oilseed rape (Brassica napus) 

 

Oilseed rape is a spring or winter crop, which is used for animal feed and industrial oil 

production (FAO 1994). According to FAOSTAT (2014), in year 2012 oilseed rape 

production in Iran was 350000 tonnes and in Finland it was 73200 tonnes. It is mostly 

cultivated as spring crop in Iran, provinces of Golestan, Mazandaran, Fars and 

Khuzestan (A Guide to Cultivate, Grow and Harvest Rapeseed in Khuzestan Province, 

MAJ 2011). Finland is the only country in the world where turnip rape (Brassica rapa) 

is the most important cultivated oilseed crop (Finnish Cereal Committee 2014). Turnip 

rape and oilseed rape are the most cultivated oilseed crops in Finland (TIKE 2014) and 

in 2014 their production stood for 33200 and 28900 tonnes, respectively. Main 

cultivation oilseed rape areas are located in southern and southwestern Finland (TIKE 

2014, EUROSTAT 2013). Turnip rape production in Finland experienced a 36% 

decrease in 2014 compared to the previous year, while oilseed rape crop production 

increased by 3% in 2014 in comparison to rape production in 2013 (Luke 2015).  

 

Oilseed rape has been imported to Finland in a larger scale compared to cereal crops 

and soybeans. According to United Nations Statistics Division (2014) Finland imported 

160270 tonnes of oilseed rape in 2012 which was almost 7 times more than wheat 

import (10094 t) to the country. Oilseed rape in Finland stood for the highest average 

annual import (144100 t/yr) during 2007−2012 among the selected crops in this study. 

Total oilseed rape import in Iran was 103610 tonnes in 2012 (Statistical Centre of Iran 

2014) and its average annual import (21916 t/yr) during 2007-2012 was the lowest 

among the selected crops under study. 

 



35 
 

2.7.6 Soybean (Glycine max) 

 

Soybean (US), soya bean (UK) is the annual edible bean originated in East Asia 

(probably in northern and central China), which was domesticated over 3000 years ago 

for its seeds and young pods and then introduced to Korea and later into Japan around 

2000 years ago (Berk 1992). It has been the food crop in those countries for centuries 

and recently it was introduced to the western agricultural system (to Europe and North 

America), which nowadays the US and Brazil are the main leaders in soybeans 

production in the world (Berk 1992). Soybeans, as an industrial crop, are cultivated for 

oil and protein, although the oil content of the seed is low, but it is the largest source of 

edible oil in the world (Berk 1992). Although soybeans are one of the great sources of 

edible oil, but the largest usage is in animal feed industries, where the soybean oil meal 

is used in the animal food for meat and eggs production (Berk 1992). 

 

According to the FAO (1994) crop classification it belongs to the oilseed crops and it is 

from the Fabaceae or bean/legume family. According to Berk (1992), the required 

rainfall range for soybeans is from 500 to 700 mm and the best climate is temperate 

zone for its cultivation. According to TIKE (2014) and FAOSTAT (2014) there is no 

soybeans production in Finland. The country imported 6766 tonnes of soybeans in 2012 

(UNcomtrade 2014). 

 

Cultivation started in year 1939 and followed by Turkey and Israel in 1940 (Mousavi-

Avval et al. 2010). Soybean is considered as a source of edible vegetable oil in Iran. 

Cultivation areas are located in the northern Iran, in Golestan (75% of the total soybean 

production, Mousavi-Avval et al. 2010), Ardebil and Mazandaran Provinces 

(Agricultural Statistics MAJ 2012). Soybeans production is mainly irrigated in Iran and 

its production was 159178 tonnes in 2012, when irrigated soybeans was accounted 5 

times higher than rainfed production in the whole country (Agricultural Statistics MAJ 

2012). 
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3 Research Objectives  

Globally water use efficiency in field crop production is increasingly important topic 

when the agriculture adapts to the changes caused by climate change. It is also one of 

the means to implement the concept of sustainable intensification to develop the 

agricultural systems to combine productivity and environmental and social benefits.  

Water footprint determination is one method to compare the water use of agricultural 

systems on different areas and conditions. The overall objective of this study was to 

utilize the water footprint concept to compare the water use in crop production in two 

different climate conditions. 

 

The specific objectives of this work were: 

a) To estimate the amount of green and blue water footprints of the selected crops in 

Finland and in Iran. 

b) To present a more recent result in water footprint accounting using the updated data and 

AQUACROP model for evapotranspiration estimations. 

c) To discuss and evaluate the water saving in terms of traded crops.  
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4 Materials and methods 

 

I considered three sections of calculations in this study, which included the calculation 

of water footprint, the calculation of national water saving due to the trade of selected 

crops, and the calculation of water scarcity, water dependency and water self-

sufficiency regarding the selected crop productions in both countries of Finland and 

Iran. 

 

 

4.1  Calculation of water footprints of  growing crops  

 

In order to calculate green and blue water footprints of the growing crops, crop water 

use (CWU) were estimated based on daily evapotranspiration (ET) values (Hoekstra et 

al. 2011). I should mention that previously CWU was defined as crop water 

requirements (CWR) in Hoekstra & Hung (2002, 2005). CWU of each crop is 

calculated from accumulated daily crop evapotranspiration over the complete growing 

season (Hoekstra & Hung 2002, 2005, Hoekstra et al. 2011). The concept of crop water 

use (CWU) was defined to simplify the calculations. It applied to the amount of water 

used by the crop over the growing period in cubic meter per hectare. 

 

ET measurements are difficult, costly and time-consuming and in large scale 

calculations, models are used to generate the daily ET of the crops. ET values in this 

study (for green and blue water use) were simulated using AQUACROP model without 

and with irrigation practices. AQUACROP (FAO 2012) is able to simulate separately 

crop transpiration and soil water evaporation, which can reveal a more precise way of 

assessing water management and irrigation systems (AQUACROP Reference Manual 

2012). The schematic procedure for WF calculation is presented in Figure 7. 
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Figure 7. Schematic procedure of water footprint calculation in the present study.  

 

AQUACROP model, the principle and components of which is presented in Figure 8,  

was run without irrigation in order to obtain green  evapotranspiration. It means that 

only rainwater was used in the growing period of the crops. This run was applied for the 

selected crops which were produced in Iran and/or Finland. By multiplying the 

accumulative ET values over the length of growing period (lgp, days) by factor 10 

(𝑚3 𝑚𝑚 ¯1ℎ𝑎¯¹), green evapotranspiration ETGreen in 𝑚𝑚 were converted to green crop 

water use CWUGreen in 𝑚3ℎ𝑎¯¹ as it was shown in equation (1) (Allen  et al. 1998). By 

deviding the CWUGreen by the yield amounts (Y) in 𝑡 ℎ𝑎¯¹  (FAOSTAT 2014) in 

equation (2) the green water footprints of the selected crops were calculated. 

 

𝐶𝑊𝑈𝐺𝑟𝑒𝑒𝑛 = 10 × ∑ 𝐸𝑇
𝑙𝑔𝑝
𝑑=1 𝐺𝑟𝑒𝑒𝑛

     [𝑚3ℎ𝑎¯¹]                                             (1) 

𝑊𝐹𝐺𝑟𝑒𝑒𝑛 =
𝐶𝑊𝑈𝐺𝑟𝑒𝑒𝑛

𝑌
               [𝑚3 𝑡¯¹]                                                           (2) 

where CWUGreen is the share of green water that has been used by crop during the 

growing period in unit of m3ha¯¹. 

WF 

Crop Water Use & 
Yield (FAOSTAT) 

Accumulative ET values as 
model output 

Climatic, soil, crop and water 
management inputs to AQUACROP 

Max. & Min. air 

temperature 

Max. & Min. 

precipitation 

Potential 

evapotranspirartion 

(PETₒ) 

Climatic 

inputs 
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Figure 8. Components of AquaCrop model (source: Raes et al. 2012, permission to 

publish the figure obtained from AquaCrop team of FAO). 

 

Running the AQUACROP model for the same conditions but this time including the 

irrigation practice for the growing crops resulted into total evapotranspiration, which 

includes the sum of green and blue evapotranspiration. In the preset study, the irrigation 

practice was considered only for growing crops in Iran to provide the reader with 

another agricultural system information. As majority of the crop production in Finland 

is rain-fed (Tike 2012), irrigated practice was not considered in this country. Then blue 

evapotranspiration (ETBlue) was calculated by subtracting green ET (ETgreen) from total 

ET (ETtotal) as it was shown in equation (3) :   

 

𝐸𝑇𝐵𝑙𝑢𝑒 = 𝐸𝑇𝑡𝑜𝑡𝑎𝑙 − 𝐸𝑇𝐺𝑟𝑒𝑒𝑛   [𝑚𝑚]                                                                (3) 
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Blue crop water use CWUBlue was calculated the same way as green crop water use by 

using equation (4). And finally, blue water footprint of the crops WFBlue was resulted by 

dividing blue crop water use to the yield in equation (5) as below: 

 

𝐶𝑊𝑈𝐵𝑙𝑢𝑒 = 10 × ∑ 𝐸𝑇
𝑙𝑔𝑝
𝑑=1 𝐵𝑙𝑢𝑒

    [𝑚3ℎ𝑎¯¹]                                                    (4) 

𝑊𝐹𝐵𝑙𝑢𝑒 =
𝐶𝑊𝑈𝐵𝑙𝑢𝑒

𝑌
                 [𝑚3𝑡¯¹]                                                              (5) 

where CWUBlue is the share of blue water that has been used by crop during the growing 

period in unit of m3ha¯¹. 

 

4.2  Calculation of National Water Saving (𝑺𝒏) 

 

According to Hoekstra et al. (2011), the amount of water that had been saved through 

crop trade was estimated in this study. The trade balance and water footprint of the 

crops were considered to reveal the amount of water that has been saved through the 

import of crops instead of producing them in the country. According to equation (6) and 

regarding the import/export statistics and the calculated water footprint of the crops, the 

national saving water for the selected crops were estimated. There was no trade between 

Iran and Finland concerning the selected crops in this study; otherwise there would have 

been a chance to calculate the virtual water exchange between these two borders. 

 

      𝑆𝑛[𝑃] =  (𝑇𝑖[𝑃] − 𝑇𝑒[𝑃]) × 𝑊𝐹𝑃           [𝑀𝑚³ 𝑦𝑟¯¹]                                 (6) 

where 𝑆𝑛[𝑃] is the national water saving of a product P, where in this study P is the 

selected crops, and 𝑆𝑛[𝑃] is calculated in million cubic meter per year, 𝑇𝑖[𝑃] is the 

amount of crop in tonnes imported into the nation’s boundaries, and 𝑇𝑒[𝑃]  is the 

amount of crop in tonnes exported outside of the nation’s boundaries.  
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As it was mentioned in introduction section of this study, in the present study only the 

crops which were producing inside the boundaries of the country were considered in the 

WF calculation and later in water saving calculations. The aim was to estimate the water 

that has been saved by importing the crops instead of producing inside the boundaries of 

the country, where in Finland soybeans and maize were not produced and in Iran oats 

was out of production. So they were not considered in virtual water trade, as there was 

no WF regarding their production inside the country. One can consider the calculation 

of WF of the imported crops (in this study maize and soybeans for Finland and oats for 

Iran) based on the water use in exporting partner countries, where data is needed from 

each exporting country for ET calculations in those source countries. That was the 

reason I omitted the WF of the crops that were only produced outside of the borders of 

the countries under study. 

 

4.3 Calculation of Water Scarcity (WS), Water Dependency (WD) and Water Self-

Sufficiency (WSS) regarding the growing crops in this study 

 

Water scarcity WS was stated by Hoekstra & Hung (2002) as a ratio of total water use 

(WU) to water availability (WA). It was shown by equation (7) as follows:  

 

𝑊𝑆 =
𝑊𝑈

𝑊𝐴
× 100.                                                                                            (7) 

 

The left side of the equation above states the water scarcity (%), while on the right side 

WU stands for total water use inside the country’s borders (𝑚³ 𝑦𝑟¯¹) and WA is water 

availability at the national scale (𝑚³ 𝑦𝑟¯¹). Hoekstra & Hung (2002) mentioned that 

water scarcity could vary between zero and hundred percent and in some cases, for 

example groundwater mining, it could exceed hundred percent. The annual internal 

renewable water resources were considered as WA, which represents the average 
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freshwater resources that are renewably available each year from precipitation inside the 

borders of the country (Hoekstra & Hung 2002, 2005). Total water use WU was 

considered as sum of green and blue water use in crop production. 

 

The hypothesis given by Hoekstra & Hung (2002, 2005) and Hoekstra et al. (2011) was 

that there would be a relation between water scarcity and net virtual water import 

(“virtual water import” minus “virtual water export”), where countries faced with water 

scarcity would be more dependent on the virtual water import. On the contrary, water-

abundant countries would benefit from virtual water export. For that reason, water 

scarcity and water dependency of the produced crops and their related trades were 

calculated using the hypothesis mentioned above during the study period of 2007−2012. 

The average values were used in WU and trade. Water availability was obtained from 

country fact sheet in AQUASTAT webpage of FAO (2015). Net virtual water import is 

equal to water saving that was calculated in this study. 

 

Virtual water import dependency or water dependency reflects the dependency on 

external water resources (Hoekstra & Hung 2002, 2005). It was calculated based on the 

net virtual water import (accumulative crop water saving) divided by sum of water use 

(green & blue WF regarding the production quantities) and net virtual water import as it 

is shown below in equation (h): 

 

  𝑊𝐷 = {
𝑁𝑉𝑊𝐼

𝑊𝑈+𝑁𝑉𝑊𝐼
× 100                  𝑖𝑓𝑁𝑉𝑊𝐼 ≥ 0,

                0                            𝑖𝑓𝑁𝑉𝑊𝐼 < 0.
                                      (8) 

 

Water self-sufficiency WSS is defined as capacity of the country to produce the 

commodities needed inside the borders of the country (Hoekstra & Hung 2002, 2005), 

where in this research the capacity for producing the crops were considered. It has a 

very clear relation to water dependency as below: 
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𝑊𝑆𝑆 = 100 − 𝑊𝐷.                                                                  (9) 

 

As one can recognize from the mentioned equation (9) above, the higher water self-

sufficiency the lower water dependency would be. That is due to the fact that if the 

water demands of the nation is met by the internal production, then the dependency 

would decrease and the water self-sufficiency would increase. For a country that is 

basically reliant on the external water resources WSS would approach zero (Hoekstra & 

Hung 2002, 2005). 

 

4.4 Collection of data and data sources 

 

Data on accumulative ET values (green and total) were calculated by FAO’s 

AQUACROP model, where one can have an access to the model from FAO’s website 

(www.fao.org). For the interested reader Steduto et al. (2009) on concepts and 

principles of the model is recommended. Data regarding running the model for ET 

values and later for the WF and water saving calculations divided into four main 

groups: climate data; crops, farming systems and soil data; crop yield data; and national 

crop trade data. Cultivation area in Finland is defined in south and southwestern 

Finland. In Iran the main area of selected crops is defined in southwest and 

northwestern Iran. 

 

4.4.1 Climatic data 

 

Climatic data for creating the climate file in AQUACROP model including potential 

evapotranspiration (PETₒ), maximum and minimum air temperature, maximum and 

minimum precipitation for both countries of Iran and Finland was obtained from 

Climatic Research Unit (CRU), which was available on Centre for Environmental Data 

Archive (CEDA 2014). Data was used on average monthly scale from 2007 to 2012.  In 

AQUACROP model, climate files were created according to the cropping year in each 

http://www.fao.org/


44 
 

country and necessary adjustments were applied in each file. For example, for winter 

barley and winter wheat production in Iran, there was a need to consider the growing 

season over two years (2006−2007) of Gregorian calendar as they were sowed in 

October or November and maturity was in May, while in Finland the spring wheat and 

barley cultivar was used in 2007 with the climatic parameters of 2007. 

 

4.4.2 Crops, Farming Systems and Soil Data 

 

Four out of six selected crops were defined in the crop list of AQUACROP model, 

including barley, maize, soybeans and wheat. For oats and oilseed rape in this study I 

defined the crop profile based the closest crop available in the model, where oats was 

defined based on barley crop profile and oilseed rape from soybeans. For further 

research one can consider the exact crop characteristics of the introduced crops.  

 

Sowing and maturity dates for the model were obtained from online websites for both 

Iran and Finland. I obtained the dates regarding sowing and maturity of the crops in 

Finland from TIKE’s statistical service on agricultural sector (which in January 2015 

was transferred to Finland Natural Resource Institute; Luke). Sowing and maturity dates 

for crops in Iran were gathered from Ministry of Agriculture Jihad (mainly from each 

year statistical year book provided in Persian language). Table 8 shows the sowing and 

maturity dates considered in running the model. I have used the same dates for sowing 

and maturity in each year as there was not a considerable difference in sowing dates 

according to Tike (2014) and MAJ (2014). 

 

Table 8. Data regarding sowing dates and length growing period for the examined crops 

in Finland and Iran in 2012. Data sources: for Finland (tike 2014) and for Iran (MAJ 

2014). 

 
Oilseed rape  Wheat Barley Maize Soybeans Oats 

  Finland Iran Finland Iran Finland Iran Finland Iran Finland Iran Finland Iran 

Length of 105 150 135 211 135 155  130  130 130  
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Farming system was defined rain-fed in Finland (Peltonen-Sainio et al. 2015) and in 

Iran it was considered irrigated in the model input to be able to meet the crop water 

needs. Also I chose the furrow irrigation practice in Iran to be able to show the other 

extreme of water use and allocation in agriculture compared to Finland. Surface 

irrigation stood for 92% of the total irrigated lands in Iran in 2003 (FAO 2009). 

According to statistical year books of agriculture in Iran (2006−2012) total irrigated 

crop production during the study period of 2007−2012 were much higher than rain-fed 

crop production, and that was another reason to consider irrigated cropping in Iran. 

  

In Finland major cropping areas of the selected crops are located in the south and 

southwestern part of country and the major soil types in those areas are fine sand and 

silt and clay soils (Peltonen-Sainio et al. 2015). According to Luke (2015) Varsinais-

suomen, Pohjanmaan, Etelä-Pohjanmaan, Pirkanmaan and Uudenmaan are the major 

cultivated areas in Finland. For the interested reader the map provided by Kurki (1972) 

on the soil types in Finland is presented in Appendix II. Once can notice from the 

mentioned map that the share of cultivated area on clay soil is higher along the southern 

and southwestern Finland and on sandy soil the share of cultivation area is the highest in 

the northern and western Finland. In my work I used the clay soil type in Finland. I 

made also a sensitivity analysis by considering two soil types of clay and sandy clay. 

For obtaining the ET values of crops in Finland all the inputs for running the model kept 

unchanged except the soil type in order to evaluate the sensitivity of the model to soil 

type change. The results were shown in section 5.1 Figure 11. 

 Major cereal production areas of Iran are located in south-west and north-west of the 

country (MAJ Agricultural Statistics 2006−2012), which contains silty clay and clay 

soil (FAO 2005). Irrigated crop production sites in Iran are located mostly in the central 

part and south-west (FAO 2009) were I considered the silty clay soil type for input 

model. 

Growing 
Period 
(days) 

 
 

NA 

 
 

NA 

 
 

NA 

Sowing to 
Maturity 

1May-
13 Aug 

1May-
28Sep 

 1May-
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15Oct-
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1May-
13Sep 

 30Nov-
3May 

NA 1May-
9Sep 

NA  1May-
8Sep 

 1May-
7Sep 

NA 
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4.4.3 Crop Yields 

 

Data regarding the area harvested (ℎ𝑎) and the annual yield (𝑡 ℎ𝑎¯¹) of the crops were 

provided from FAOSTAT (2015) are shown below in Table 9 and Table 10.  

 

Table 9. Areas harvested (ℎ𝑎) regarding each selected crop in Iran and Finland during 

2007-2012 

 

    2007 2008 2009 2010 2011 2012 

Finland 

Barley 533300 585500 561800 417400 432700 451200 

Oats 347400 354500 322000 278300 308200 313800 
Oilseed 

rape 
89500 63800 80900 157700 91000 57300 

Wheat 202600 216300 216200 211200 254600 227300 

Iran (Islamic 

Republic of) 

Barley 1641829 1070146 1675654 1584213 1587374 1680000 

Maize 307015 242740 225639 240209 574088 415000 
Oilseed 

rape 
185000 190000 185000 160000 165000 170000 

Soybeans 74993 84467 84084 76076 70000 74000 

Wheat 7222300 5250205 6647371 7035015 6375594 7000000 
Source: FAOSTAT, FAO of the UN, Accessed on April. 2015  

 

 

Table 10. Yields (𝑡 ℎ𝑎¯¹) of each selected crop in Iran and Finland during 2007-2012 

    2007 2008 2009 2010 2011 2012 

Finland 

Barley 4 4 4 3 3 4 

Oats 4 3 3 3 3 3 

Oilseed 

rape 
1 1 2 1 1 1 

Wheat 4 4 4 3 4 4 

Iran (Islamic 

Republic of) 

Barley 2 1 2 2 2 2 

Maize 8 7 7 9 5 6 

Oilseed 

rape 
2 2 2 2 2 2 

Soybeans 2 2 2 2 2 2 

Wheat 2 2 2 2 2 2 
Source: FAOSTAT, FAO of the UN, Accessed on April. 2015  

Note: Yields values were rounded to provide a simpler view for comparison. 
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4.4.4 National crop trades 

 

National import and export values regarding the selected crops in Finland over the study 

period of 2007−2012 were obtained from the UN Comtarde Database (Accessed in 

November 2014). Data on crop trade for Iran was available only up to year 2011 on the 

United Nations Statistics Division (UN Comtrade Database), therefore the trade values 

in 2012 were obtained from Tehran Chamber of Commerce, Industries, Mines and 

Agriculture (Accessed in December 2014). There was a chance of ambiguity in Iran’s 

trade data in year 2012, as data was categorized in different crop products and in this 

research I considered the sum of crop category values, which resulted in reasonable 

trade values compared to the values in previous years. Table 11 and Table 12 show the 

trade values concerning the selected crops in Iran and Finland during 2007-2012. 

Table 11. Annual export values (t) concerning the selected crops in Iran and Finland 

during 2007−2012 (source: UN Comtrade 2014 & TCCI 2014). 

 
Crop 2007 2008 2009 2010 2011 2012 

Finland 

Barley 358070 126723 65479 246036 477356 93206 

Oats 270527 388287 338739 320306 320687 367413 

Oilseed 

rape 
0 11 7 55 28 0 

Wheat 73613 71306 49933 142402 194365 214183 

Maize 1 3 0 0 0 0,3 

soybeans 0 0 0 1 1 0 

Iran (Islamic 

Republic of) 

Barley 13 2 11 0 0 0 

Maize 6824 2371 2371 7 18 1 

Oilseed 

rape 
0 0 0 0 0 0 

Soybeans 2528 2251 2251 1400 1502 1382 

Wheat 456846 85785 84600 520328 45873 2557 

 

Table 12. Annual import values (t) concerning the selected crops in Iran and Finland 

during 2007−2012 (source: UN Comtrade 2014 & TCCI 2014). 

 
Crop 2007 2008 2009 2010 2011 2012 

Finland Barley 2815 1716 43 200 310 7077 
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Oats 321 20 1511 91 633 4117 

Oilseed 

rape 
131211 193095 141574 112840 125609 160270 

Wheat 16986 50228 29791 13410 7446 10094 

Maize 3286 3383 250 177 220 1618 

soybeans 5172 12221 5252 10366 6221 6766 

Iran (Islamic 

Republic of) 

Barley 285086 1034838 1196844 538427 811657 1131069 

Maize 2825169 2990972 3735005 5790014 3644664 4500878 

Oilseed 

rape 
2 

 
0 5900 70 103610 

Soybeans 1072704 1187708 1010503 856446 838028 164371 

Wheat 250406 3733003 5460218 1406197 71005 5471411 

 

 

5 Results and Discussions 

 

In this section the results and discussions of the calculations of water footprints are 

presented. Suitable figures and tables are chosen according to the numbers. First of all, 

the calculated ET values of the crops are presented in the tables for each country and in 

Finland sensitivity analysis was done for two different soil types (clay and sandy clay).  

Secondly, the calculated blue and green water footprints in agriculture for the selected 

crops are depicted and compared with the previous work done by Mekonnen & 

Hoekstra (2010b). Thirdly the volume of national water saving is presented according to 

the import and export amounts of the crops in each county under study. No grey water 

volume has been calculated in this study, due to the very general assumptions for 

calculating the grey water footprint. One can seek for local data to present a reasonable 

research on grey WF, where s/he can assess the WF at the basin level. For the interested 

reader, the reason for omitting the grey WF was explained in Chapter 1 (introduction).  

 

 5.1 ET (ET𝐺𝑟𝑒𝑒𝑛 &ET𝐵𝑙𝑢𝑒) values of the growing crops  
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According to the AQUACROP model output the following results are obtained for the 

given crops (Tables 13 and 14). The distinction among the Green and Blue water 

footprints of the crops can provide the reader with the better understanding of the 

following discussions. As it was explained in the previous chapter, the green and blue 

ETs were calculated by running the AQUACROP model without and with irrigation 

practice, respectively. The idea was that the water evapotranspired from the crops and 

soil without external human-induced water flow (in this case the external flow is 

irrigation) was considered as the green component of ET and the water evapotranspired 

including the irrigation water is the sum of green and blue component of ET in crop 

production. So by subtracting the green ETGreen from total ETtotal, the blue ETBlue would 

be resulted. Below, in Table 13, the blue and green ET values of the selected crops in 

Iran were presented. 

 

Table 13. ET values (ET𝐺𝑟𝑒𝑒𝑛 &ET𝐵𝑙𝑢𝑒) simulated for the selected crops in Iran (mm), 

silty clay soil type in 2007−2012.  No water stress and no salinity stress were 

considered in the calculations. 

 

 
Oilseed rape Wheat Barley Maize Soybeans 

Year Green Blue Green Blue Green Blue Green Blue Green Blue 

2007 27 299 149 93 206 81 26 232 26 236 
2008 22 767 83 113 87 185 18 489 18 453 
2009 35 769 105 141 140 103 31 481 30 580 
2010 33 791 128 144 119 93 33 370 33 576 
2011 43 770 102 120 118 131 42 477 42 546 
2012 29 775 112 133 106 135 29 486 28 574 

Mean 32 695 113 124 129 121 30 423 29 494 
 

 

In Iran the rainfed and irrigated practices were used for all the produced crops to be able 

to calculate ET𝐺𝑟𝑒𝑒𝑛 and ET𝐵𝑙𝑢𝑒. Irrigation plays an important role in Near East region’s 

(including Iran) agriculture due to aridity of the region and high production demand in 

food section (Dabour 2002) and that shows the importance of considering irrigation 

practices in Iran. For example, around half of the wheat production in Iran is irrigated 

(Agricultural Statistics MAJ 2012). Production of some crops, like soybeans, is limited 
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only to irrigated farm lands (Agricultural Statistics MAJ 2011-2012). In general I 

assumed in order to have the optimum crop cover in each year in Iran, there was a need 

for irrigation practices at the field level.  

The share of average ET (ET𝐺𝑟𝑒𝑒𝑛  on the left and ET𝐵𝑙𝑢𝑒 on the right) of growing crops 

over the study period of 2007 to 2012 is shown in Figure 9. Based on the results in this 

section, barley has the biggest share in green ET, where it is followed by wheat. The 

highest percentage of blue ET over the study period belongs to oilseed rape and it 

follows by soybeans and maize production. As you will see in the following results in 

this chapter, not always higher green or blue ET ends to the bigger WF values. The 

yield and the area under cropping affect the final WF calculations as well. 

 

                       

  Figure 9. Share of the average ET (ET𝐺𝑟𝑒𝑒𝑛  on the left and ET𝐵𝑙𝑢𝑒 on the right) of 

growing crops in Iran during 2007−2012. 

 

In Finland’s case of study, AQUACROP model was used with the rainfed cropping 

assumption for crop production. According to report provided by Tike (2012) and 

Peltonen-Sainio et al. (2015), irrigation in the production of selected crops is not 

considerable in Finland. Vegetables and potato cultivation lands may be the areas of 

irrigation interest in Finland (Mäkelä et al. 2012, Tike 2012). So far the rainfed practice 

was prioritized in crop production in Finland; therefore, there is no blue ET and 

subsequently no blue water footprint for the selected crops in Finland. This assumption 

is in accordance with the previous work of Mekonnen & Hoekstra (2010b). For further 

research, one can consider the irrigated lands in Finland on ET and further in water 

footprint calculations at the local scale.  
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Table 14. ET values (ET𝐺𝑟𝑒𝑒𝑛) simulated for the selected crops in Finland (mm) in 

2007−2012. No water stress and no salinity stress have been considered in the 

calculations. 

 

                        Green_C is the green ET calculated based on clay soil type. 

 Green_SC is the green ET calculated based on sandy clay soil type. 
 

In Finland the biggest share of green ET was from spring oilseed rape and it followed 

by spring wheat and barley. Figure 10 shows the percentage of average green ET of 

growing crops in Finland over the period of 2007−2012. 

                                    

Figure 10. Share of the average ET (green ET) of growing crops in Finland during 

2007−2012 in clay soil type. 

I run the AQUACROP model for two different soil types (clay and sandy clay) to 

perform a sensitivity analysis of the soil types in Finland. Figure 11 shows the 

sensitivity analysis for wheat, barley, oilseed rape and oats. All the inputs in the model 

were kept unchanged except the soil type during the period of 2007 to 2012. 

 

Rapeseed 
25% 

Wheat 
27% 

Barley 
22% 

Oats 
26% 

 

Oilseed rape Wheat Barley Oats 

Year Green_C Green_SC Green_C Green_SC Green_C Green_SC Green_C Green_SC 

2007 323 306 349 343 305 324 336 329 

2008 312 296 342 334 266 293 332 323 

2009 326 304 364 358 309 332 353 345 

2010 348 310 382 376 332 349 370 347 

2011 341 301 371 365 334 345 358 338 

2012 304 299 343 336 242 272 333 325 

Mean 326 303 358 352 298 319 347 334 
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According to Peltonen-Sainio et al. (2015), fine sand and silt and clay soils are 

dominant soil types in farm lands located near waterways, where in this research it can 

refer it to the crop production areas in southern and south-western Finland. Clay and 

sandy-clay soil types were considered as major soil types in southern and south-western 

Finland respectively.  

 

 Figure 11. Sensitivity analysis for two different soil types in average Green ET 

estimation in Finland during 2007−2012. 

 

As it is visible in the Figure 11 there is not such a big difference in the final calculations 

in terms of the soil type in this case between clay and sandy clay soil type. In clay soils 

in Finland, wheat, oilseed rape and oats would have a higher green evapotranspiration 

values than in sandy clay soils. And barley in contrast to the mentioned crops above had 

a lower evapotranspiration value in clay soils than in sandy clay soils.  

 

In the future, one can consider the effect of soil type in crop production with regards to 

the predicted water footprint of the crop in selected environment. Along aside the soil 

type, crop selection and rotation, tillage and drainage management and significance of 
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irrigation management can affect the ET estimation and consequently water footprints 

the crops at the filed scale (Dourte & Fraisse 2012). 

 

 5.2 Green and Blue Water Footprints of Growing Crops 

 

 By using yield statistics from FAO and the output of AQUACROP model (ET values) 

in this study, the blue and green water footprint of each crop is presented in following 

tables. Table 15 shows the sum of two components of the WF (green and blue) of 

primary crops in Iran and following that comes Table 16, which represents only green 

WF of the crops in Finland, considering the fact that in Finland agriculture is rainfed 

(OEDC 2008,  Usva et al. 2014) and according to FAOSTAT database (2014) the share 

of agricultural water withdrawal in 2005 was 3.06 % of total water withdrawal of the 

county. While in 2004 in Iran agriculture had a share of 92.18 % of the total water 

withdrawal of the country, which shows a considerable difference in agricultural (blue) 

water consumption between two countries.   

 

Table 15. WF (WF𝐺𝑟𝑒𝑒𝑛+WF𝐵𝑙𝑢𝑒) of the selected crops in Iran (𝑚3 𝑡¯¹), silty clay soil 

type in years 2007−2012. 

 

Year Oilseed rape Wheat Barley Maize Soybeans 

2007 1586 1098 1521 336 1099 

2008 3845 1293 1882 693 2017 

2009 3915 1213 1182 703 2469 

2010 3879 1419 939 452 2845 

2011 3888 1145 1386 1084 2420 

2012 3905 1243 1193 889 2411 

Mean 3503 1235 1350 693 2210 

 

 

Almost 80% of the global cropland is rainfed and it produces 60−70% of the global 

food (Falkenmark &Rockström 2004, Rost et al. 2008) and it shows the importance of 
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considering consumptive green water use, which results into green water footprint, in 

water management and agricultural system planning. Earlier it was calculated by Rost et 

al. (2008) that the average annual global consumptive green water use from rain-fed and 

irrigated agriculture was 5000 km³/year and it was three times more than consumptive 

blue water use. In this research, it was estimated that the total average consumptive 

green and blue water use to produce the selected crops in Iran was for an order of 9731 

and 13030 km³/year, respectively. This finding was not in accordance with the findings 

of Rost et al. (2008) and yet it suggested the significance of irrigated cropping systems 

in Iran as earlier water withdrawal percentages in both countries was stated. In Finland 

the consumptive green water use for selected crops in this study was calculated 3669 

km³/year over the time period of 2007−2012, and no irrigated system was considered 

for Finland in this study. For the interested reader separate water footprints of the 

primary crops of this study in Iran (Green, and Blue water footprint) are presented in the 

Appendix III. 

 

Table 16. Green WF of the selected crops in Finland for two different soil types of clay 

and sandy clay (𝑚3𝑡¯¹ ) in 2007−2012. 

 

Year 
Oilseed rape Wheat Barley Oats 

Green_C Green_SC Green_C Green_SC Green_C Green_SC Green_C Green_SC 

2007 2547 2415 886 872 821 871 956 936 

2008 2242 2123 939 916 730 806 971 943 

2009 1886 1756 888 872 803 863 1019 996 

2010 3074 2741 1112 1096 1033 1087 1273 1193 

2011 2696 2382 962 946 951 982 1024 966 

2012 2377 2344 878 860 692 776 975 951 

Mean 2471 2294 944 927 838 897 1036 997 
Green_C is the green component of water footprint calculated based on clay soil. 

Green_SC is the green component of water footprint calculated based on sandy clay soil. 
 

According to the results oilseed rape in Iran needed the largest amount of water per ton 

for growing (average amount of 3503 𝑚3𝑡¯¹𝑦𝑟¯¹ over the study period). The major 

reason might be the considerable difference in ET values compared to the other selected 

crops (Table 14). Another source of error in estimation of oilseed rape water footprint 

can be the fact that it was defined by the author in this study based on the characteristics 
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of the given crop profile of soybeans in AQUACROP model and in future one can 

consider the exact characteristics of oilseed rape in his/her studies. Soybeans, wheat and 

barley had the lower WF compared to oilseed rape. Figure 12 is provided to the 

interested reader to have a general view on the average share of green and blue WF of 

selected crops in Iran over the study period (2007−2012). 

                                             

                          

 

 

 Figure 12. Share of average green and blue WF of crops in Iran during the period of 

2007−2012, Upper figure: the share of WF𝐺𝑟𝑒𝑒𝑛+WF𝐵𝑙𝑢𝑒 , lower figures: the share of 

WF𝐵𝑙𝑢𝑒 (left) and WF𝐺𝑟𝑒𝑒𝑛  (right) among the selected crops. 

 

Considering the average green and blue water footprint of the crops in Iran and only 

average green water footprint of crops in Finland during the period of 2007 to 2012 in 

this study, Figures 13 and 14 are presented. The trend of WF changes over the time (in 
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this case of growing crops) can reveal some hidden drivers behind the conditions for 

producing the crops. Climatic conditions, cultivar selection and agricultural practices 

can be placed in the drivers’ category. Due to high WF of water-intensive crops like 

oilseed rape in this study in Iran, which has limited water resources for agricultural 

practices, one can consider the source for crop use, which is economically and 

environmentally accepted, for importing rather than producing. One can discuss the 

effect of existing and future policies on the trade and how it would affect the local 

production sites (with regards to population growth, land use change and the 

import/export of agricultural machineries, seeds, fertilizers, etc.). 

 

  Figure 13. Average WF𝐺𝑟𝑒𝑒𝑛+WF𝐵𝑙𝑢𝑒of crops in Iran during the period of 2007−2012, 

(𝑚3𝑡¯¹𝑦𝑟¯¹ ). 

 

Oilseed rape had the highest average total green and blue WF among the selected crops 

in Iran (Figure 13). Its WF was estimated of 3503 𝑚3𝑡¯1𝑦𝑟¯¹, which followed by 

soybeans WF of 2210𝑚3𝑡¯1𝑦𝑟¯¹, barley WF of 1350𝑚3𝑡¯1𝑦𝑟¯¹, wheat WF of 1235 

𝑚3𝑡¯1𝑦𝑟¯¹ and maize WF of 693𝑚3𝑡¯1𝑦𝑟¯¹. It can be due to the higher crop water use 

(or higher ET) of oilseed rape in Iran. 
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           Figure 14. Average green water footprint of crops in Finland during the period of 

2007−2012, (𝑚3𝑡¯¹𝑦𝑟¯¹), calculations are based on results from clay soil assumption.  

 

In this research, it was estimated that there was a need for 2471 cubic meter green water 

to produce one ton of oilseed rape on a clay soil in Finland. After oilseed rape, oats 

stood on the second place for water need in production by amount of 1036𝑚3𝑡¯1𝑦𝑟¯¹, 

and it followed by wheat WF of 944𝑚3𝑡¯1𝑦𝑟¯¹ and barley WF of 838𝑚3𝑡¯1𝑦𝑟¯¹. The 

reason for higher water footprint of oilseed rape compared to the other crops can be the 

higher water use of crop during growing season. 

 

In order to have a general view on the green water footprint of the crops in both 

countries of Iran and Finland, Figure 15 was provided. According to that figure, one 

could realize the difference in green WF between two countries under study, where in 

Finland due to the higher annual precipitation than Iran, there is a bigger green ET, 

which may result to the bigger green WF of products. It concerns the fact that Finland is 

a water abundant country, therefore there is more water available than Iran to be 

evapotranspired during the growing season of the crops. According to Hoekstra & 

Mekonnen (2012) lower water productivities are often predictable in water abundant 

areas, which results into higher amount of product WFs and this can explain larger 

green WFs of crops in Finland compared to green WFs of crops in Iran.  
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               Figure 15. Average Green WF of the selected crops in Iran and Finland during 

2007−2012, (𝑚3𝑡¯¹𝑦𝑟¯¹). 

 

The water footprint of selected crops was calculated before by Mekonnen & Hoekstra 

(2010b) and for a better understanding of water footprint values Table 17 is provided 

below. It shows the sum of green and blue water footprint of the crops for Iran and 

green water footprint of crops in Finland over the study period of 1996-2005.  

 

Table 17. Water Footprint of selected crops in Finland (green WF) and Iran (green+blue 

WF) during 2007-2012 and 1996−2005 (source data for 1996-2005: Mekonnen & 

Hoekstra 2010b). 
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IR stands for Iran. 

 

The sum of green and blue water footprint of the crops in Iran in this study is estimated 

less than the study by Mekonnen & Hoekstra (2010b) (Table 17). Water footprint of 

wheat in Iran was calculated 1227 𝑚3𝑡¯¹  where it was 2104 𝑚3𝑡¯¹ lower than wheat 

water footprint from the previous study by Mekonnen and Hoekstra (2010b). On the 

contrary Finnish crops in this study gained higher water footprint during the growing 

season. For example, the water footprint of oats in Finland was estimated here 1036 m³/t 

which was calculated 619 𝑚3𝑡¯¹ by Mekonnen and Hoekstra (2010b). The reasons for 

the mentioned differences can be the use of a different model in ET calculation and a 

different period of study time which resulted into different yields and consequently into 

different values for water footprint. 

 

Below in Figure 16 there is the average calculated green and blue WFs of the crops in 

unit of 𝑀𝑚3𝑦𝑟¯¹ in Iran and green WF in Finland during the period of 2007 to 2012. 

The unit of 𝑀𝑚3𝑦𝑟¯¹ was chosen at this stage of WF calculations due to the availability 

of previous work by Mekonnen & Hoekstra (2010b) on WF of the selected crops over 

time period of 1996 to 2005. I found it easier to provide the WF amounts in the same 

unit as previous work by Mekonnen & Hoekstra (2010b) in order to have a better 

understanding of WF calculations in different time periods. 
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 Figure 16. Average green and blue WF of the selected crops considering their total 

production in Iran and Finland during time period of 2007 to 2012 (𝑀𝑚3𝑦𝑟¯¹). 

 

According to Figure 16, considering the production amounts wheat had the highest 

green and blue WFs among all the crops under study which came from the fact that 

wheat production had been the biggest sector in Iranian agriculture (FAOSTAT 2014). 

According to USDA (2014), Iran is the fourteenth wheat producing country in the world 

and it goes well along with the fact that wheat has a major stand in Iranians’ everyday 

life. Green water footprint of wheat in Iran shows the significance of agricultural 

dependency of wheat production on the rain-fed agricultural system. For further 

researches on climate change and productive and sustainable agricultural systems in 

Iran, one can consider the use of different management practices (on soil water) and 

agricultural systems by comparing their associated green and blue water footprints as 

Ercin & Hoekstra (2012) stated that these footprints are pressure indices on the local 

fresh water resources. In Finland, barley had the biggest total green WF compared to 

other crops in this study and it suggests the higher production of barley in Finland, 

which is compatible with the data provided by FAOSTAT (2014). According to FAO 
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(2012), barley’s export was the highest export quantity in cereals in Finland, which was 

followed by oats and wheat. 

 

I should mention that in this research green WF of the crops in Iran was considered the 

green WF in irrigated system and green WF of crops in Finland was considered as green 

WF of crops in rain-fed system as it was defined by Mekonnen & Hoekstra (2010b). So 

this definition allowed me to compare the results of this research with the previous work 

by Mekonnen and Hoekstra (2010b).In Table 18 the total green and blue water footprint 

of the selected crops in each country under study was calculated and compared to the 

previous work by Mekonnen and Hoekstra (2010b). The numerical layout presents a 

good comparison of the WF amounts. Green WFs of the selected crops in Finland were 

estimated almost 46% higher than the WFs of crops estimated by Mekonnen & 

Hoekstra (2010b). As it is noticeable in Table 18 green and blue WF of the crops in Iran 

in this research were both estimated higher than the work by Mekonnen and Hoekstra 

(2010b). Reasons for the differences can be the different time period of studying and the 

different model that was used for ET estimation. 

  

Table 18. Average green and blue WF of the selected crops in Iran and Finland during 

2007−2012, comparing with work done by Mekonnen & Hoekstra (2010b), (𝑀𝑚3𝑦𝑟¯1). 

 WF Iran Finland 

 Green WF 9786 3669 

 Green WF by Mekonnen & Hoekstra 8752 2515 

 Blue WF 13030 0 

Blue WF by Mekonnen & Hoekstra 12336 0 

 

As one can notice here that the comparison of crops based on their consumptive water 

use is not exactly the right way to assess the WF at last. It is suggested to consider 

different consumptive water use (blue and green) and the availability of the water 

resources at local level and the renewability of the resources in order to be able to assess 

the results appropriately. According to Dourte & Fraisse (2012), freshwater resources 

are renewable, but the availability of those resources is scaled to time and location, 
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which varies greatly all the time around the world. As the changes in precipitation can 

cause the risks in agricultural production, WF can be used to compare the resilience of 

the different systems to arid and semi-arid conditions (Dourte & Fraisse 2012). Water is 

needed to sustain the human life on this planet and here by WF can bring us another 

perspective to consider different types of freshwater resources (surface water, ground 

water, rainfall) in agriculture and the way to use them (Dourte & Fraisse 2012). 

 

Nowadays, due to the observations and projected global and regional changes in 

temperature and rainfall (Parry 2007, IPCC 2012), which resulted into more numbers of 

warmer days and nights annually, frequency and intensity of heatwaves in northern 

Europe (IPCC 2012) and water availability for local crop production there is a great 

need for adaptation measures. According to Rankinen et al. (2013), and considering the 

possible climate change scenarios Finland would benefit from the higher annual 

temperature, longer growing season and at last introducing new crops (oilseed and 

protein crops) into Finnish agriculture and expansion of current minor crop cultivations 

(Peltonen-Sainio et al. 2008). So it is important to evaluate the cropping system 

according to their associated water use with regards to the changes in temperature and 

precipitation. And also it is possible to compare the cultivation sites with regards to the 

soil and climatic conditions which affect the growing season of the crops and finally the 

water use in crop production. And water footprint accounting can come into practice in 

these evaluations and comparisons of agricultural practices and production sites. 

 

Peltonen-Sainio et al. (2015) mentioned that agriculture is rainfed in Finland and more 

than two third of the arable land in Finland is located next to and/or less than 300 meters 

away from waterways. The need for efficient irrigation systems is not considerable yet. 

Even though there are recent discussions and researches which focus on adaptation of 

the agricultural systems to climate change (Dourte & Fraisse 2012). For example, in the 

recent research by Peltonen-Sainio et al. (2015) the opportunities of improving the 

irrigation system and a change from rainfed to irrigated agriculture have been discussed, 

but it seems that rather than the adaptation measures to climate change, there is no force 

behind the shift from rainfed to irrigated agriculture in Finland. The availability of 
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freshwater resources in Finland (mostly lakes and rivers) is dependent on the rate that 

those resources are filled for later usage in time. So considering the projected changes in 

climatic conditions in Finland, water availability would be assessed (Peltonen-Sainio 

2015b). 

 

 In case of green water resources rainfall is the generating source and it divides into 

green and blue water flows, which are dependent on land management, atmosphere, and 

local characteristics of the landscape (Dourte & Fraisse 2012). In blue water resources, 

one can assess the sustainability of the irrigation method by using the blue water 

footprint at the local scale and compare it to the renewal rate of blue water resources 

and this can be applied to Iran with high freshwater withdrawal that is consumed in 

agriculture (Dourte & Fraisse 2012). Agriculture is responsible for 0.05 (in year 2005) 

and 86 (in year 2004) billion m³/year water withdrawal in Finland and in Iran, 

respectively (FAO 2015). That shows the significance of rainfed agriculture in Finland 

and irrigated agriculture in Iran. There comes the application of green and blue WF in 

this study. In future one can consider the application of green consumptive water use in 

Finland and blue consumptive water use in Iran for assessing and evaluating different 

agricultural systems. 

 

Dourte & Fraisse (2012) stated that if the blue water footprint of the agricultural system 

was much higher than the renewal rate of the considered freshwater resource, then the 

complementary strategies could come into application. For example, irrigation water 

can be decreased when the green water use is applied to meet the crop water 

requirements (Dourte & Fraisse, 2012). If an increase in green water use comes along 

with an increase in yield, then it can result into more productive cropping systems, 

which is important in global agriculture. Some practices for increasing green water use 

in a way that it decreases blue water use are brought here from the work done by Dourte 

& Fraisse (2012); reduced or zero tillage, terracing, high residue cover crops, rotation 

with perennials, water harvesting, variable rate irrigation application, soil-moisture or 

ET-based irrigation controllers, where the last two ones only decrease the blue water use 

(irrigation water). 
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One can consider that water use efficiency of the agricultural systems (WUE; which is 

defined by the amount of biomass divided by ET), drought tolerance, the use of rainfall, 

and the application of irrigation practices can be assessed by comparing the water 

footprint of the agricultural crops/products in different agricultural systems and 

locations over the time (Dourte & Fraisse 2012). As it was argued by Hoekstra & Hung 

(2002, 2005) there were three levels of assessing WUE; local level (user level with the 

emphasis on price and technology), basin level (or catchment level, where it has to be 

decided on water allocation into different economic sectors) and global level, where 

global WUE is not broadly studied yet (Chapagain et al. 2006b). Virtual water trade 

between the countries can be considered as a useful tool to enhance the WUE at the 

global scale (Chapagain et al. 2006b). There have been studies on virtual water flows 

and it showed that internationally there was a flow of 1263 Gmᶾ/yr of the agricultural 

products over the time period of 1997−2001 (Chapagain & Hoekstra 2004, Chapagain et 

al. 2006b). The estimation was based on the virtual water content of the products in 

exporting country. Earlier, Zimmer & Renault (2003) published a similar result of 1340 

Gmᶾ/yr concerning the trade of crops and livestock products in year 2000, which was 

based on the virtual water content of products in importing countries (Chapagain et al. 

2006b).  

 

The increase in water use efficiency is a way to develop a better water management 

practice (Hoekstra & Wiedmann 2014) according to the local climatic and terrestrial 

conditions. So here comes the ambiguity of the volumetric WF calculations, which 

solely cannot be applied directly in management practices as long as there is increasing 

water-use efficiency without focusing on demand management (Hoekstra & Wiedmann 

2014). It is suggested that the long-term resource security should be taken into 

consideration along aside the fact that in many countries the associated WF of food is 

located somewhere else than inside the borders of the country. So there is a need to 

account the national environmental footprints, which may encompass more of the 

footprints in calculation and later in assessment. According to Hoekstra & Wiedmann 

(2014) Environmental Footprints include Ecological Footprint, Land Footprint, Energy 
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Footprint, Carbon Footprint, Water Footprint, Nitrogen Footprint, Material Footprint, 

Phosphorus Footprint and Biodiversity Footprint. 

 

5.3 National water saving  

 

The results regarding the national water savings in Iran and Finland for each year of 

study period are given below in Tables 19 and 20.Virtual water trade directly causes 

global water saving through the crop trades from countries of high crop water 

productivity to lower crop water productivity (Yang et al. 2006). The national water 

saving according to Chapagain et al. (2006b) is obtained by multiplying the trade 

balance of the commodity by the water which is required to produce it inside the 

country’s geographical borders. As it is shown in Figure 17, Iran saved water in virtual 

form from importing the crops that could not be produced locally or their production 

could bring high pressure on available local water resources and Finland lost water 

virtually because of exporting crops outside the borders of the country. One can discuss 

the globalization of trade with regards to the virtual water content of the products. This 

can result in the global water use efficiency as it is discussed earlier in this chapter.  

 

 

Table 19. National water saving (𝑆𝑛 ) for the selected crops in Iran (Mm
3
/year). 

 

Year Oilseed rape Wheat Barley Maize Soybean 

2007 0 -227 434 947 1176 

2008 0 4717 1947 2070 2391 

2009 0 6522 1414 2624 2489 

2010 23 1257 505 2615 2433 

2011 0 29 1125 3952 2024 

2012 405 6796 1350 4003 393 

Mean 71 3182 1129 2702 1818 
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Table 20. National water saving (𝑆𝑛 ) for the selected crops in Finland (Mm
3
/year). 

Year Oilseed rape Wheat Barley Oats 

2007 334 -50 -292 -258 

2008 433 -20 -91 -377 

2009 267 -18 -53 -344 

2010 347 -143 -254 -408 

2011 339 -180 -454 -328 

2012 381 -179 -60 -354 

Mean 350 -98 -200 -345 

 

 

    

Figure 17. Water saving through crop trade in Iran and Finland over the time period of 

2007−2012.  
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Wheat import had a very important role in the Iranian agricultural water saving (Figure 

17), as one could notice that over the time due to the increase in the import of wheat, 

more water has been saved locally. This result goes along with the fact that the largest 

global water savings due to wheat trade happens in MENA (Middle East and North 

Africa) region from Western Europe and North America (Chapagain et al. 2006b). The 

same story happened to maize and soybean imports to Iran with the difference in the 

location of exporting countries. On the contrary, Finland experienced water loss through 

the export of barley, oats and wheat, but it saved water through importing oilseed rape. 

As Figure 17 showed the main difference between Finnish and Iranian agricultural 

systems, where in the former water is scarce and the latter has abundance in water 

resources, and it leads to exporting the crops that are produced locally. According to 

Hoekstra & Hung (2002) Iran imported 9643.3 Mm³ of virtual water per year over the 

years of 1995 to 1999. At the same time Finland experienced negative net virtual water 

of magnitude of 288.08 Mm³. 

  

It is visible that in total Iran imported more water in virtual form than Finland. Further 

investigations are needed in order to reveal the socio-economic and environmental 

drivers behind these differences. Based on this research, one could guess that due to the 

higher population (FAOSTAT 2014) and limited availability of water resources in Iran 

compared to Finland, there was a greater human-induced pressure on water resources in 

Iran. According to Hoekstra & Hung (2005), virtual water trade between nations can be 

considered as a tool for global water-use efficiency improvement and to access water 

security in the water-scarce countries in terms of importing water-intensive products. So 

in Iran one can consider the importance of net virtual water import as a tool for relieve 

the human pressure on local water bodies, as Iran is a water-scarce country (Faramarzi 

et al. 2009, 2010). 

 

During the last decade the country of Iran has witnessed the water saving trend as the 

overall climatic condition provides more arid environment (USDA/FAS 2008, 2014), so 

it was beneficial to import the products than producing them in the country. 

Theoretically, water saving means that by importing the crops, the water within the 
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boundaries has been saved for other purposes. But considering the changes in the 

climatic condition which led to the unproductive arid farmlands and fields, there is not 

enough water available to be considered for other purposes. Even though the total 

amount of water on the planet is constant and it travels by the water circle in the nature, 

but the changes in the climate, especially in MENA region, has resulted into drier 

weather condition, which has left no other option than importing the crops for domestic 

use. 

 

5.4 Water Scarcity, Water Dependency and Water Self-Sufficiency  

 

As it was explained earlier in method chapter, water scarcity was calculated by dividing 

the water use by water availability, where in this study water use was equal to the sum 

of green and blue water footprint of the produced crops in each country. In Table 21 the 

calculated percentages for water scarcity, water dependency and water self-sufficiency 

were presented based on the water saving calculated in this study. For the interested 

reader the results from previous work done by Hoekstra & Hung (2002) are brought in 

the same table below to provide the general comparison on the changes over time. 

Results from Hoekstra & Hung (2002) were based on the crop data in 1995 and they 

considered a different range of crops in the calculation, where in this study it was 

limited to only six major annual crops over time period of 2007 to 2012. 

Table 21. Water Availability (𝑊𝐴, 𝑀𝑚3𝑦𝑟¯1), Net Virtual Water Import (NVWI) or 

Water Saving (𝑆𝑛) (𝑀𝑚3𝑦𝑟¯1), Water Use (WU) or Water Footprint (𝑀𝑚3𝑦𝑟¯1), Water 

Scarcity (WS, %), Water Dependency (WD, %) and Water Self-sufficiency (WSS, %) 

for Iran and Finland over 2007−2012 and calculated results were obtained from 

Hoekstra & Hung (2002) in 1995. 

 

 

 

 

Country 
WA 

NVWI 

(𝑆𝑛) 
WU WS WD WSS 

Iran 128500 8902 22816 18 28 72 

Iran (Hoekstra & Hung 2002) 117500 5494 91102 72.9 6 94 

Finland 107000 -294 3669 3,4 0 100 

Finland (Hoekstra & Hung 

2002) 
113000 -431 1812 2 0 100 
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The calculations on water scarcity done by Hoekstra & Hung (2002) showed that Iran 

faced a high percentage of water scarcity in 1995 (72.9%), which meant that a higher 

share of available freshwater resources was used in crop production in Iran. This index 

fell down to 18% over the study period of 2007−2012, considering the fact that in this 

study there were few crops and consequently less water use concerning crop production 

in Iran.  

 

The higher net virtual water import of selected crops calculated in this study for Iran 

(8902 𝑀𝑚3𝑦𝑟¯1) compared to the calculated amount by Hoekstra & Hung (2002) (5494 

𝑀𝑚3𝑦𝑟¯1) could show the increase in import of crops in Iran over 2007−2012. That 

explained the increase of water dependency index from 6% in 1995 to 28% in 2012. As 

the water dependency index in Iran was increased over years, it resulted into decrease of 

water self-sufficiency index, which meant that the nation of Iran became more 

dependent/less self-sufficient on crop trade import/in crop production inside the country 

borders. 

 

In Finland, due to higher water use in crop production and less water availability 

compared to the data provided by Hoekstra & Hung (2002) the water scarcity index 

concerning the produced crops was calculated 3.4%, which showed the 1.4% increase in 

water scarcity index. Finland had a higher crop export than import, which led to the 

negative net virtual water import values. And in the case of negative net virtual water 

import, the water dependency was considered zero, which resulted into 100% water 

self-sufficiency of the country in production of selected crops (Table 21).  

 

Net virtual water import of the selected crops in Finland was calculated -294 𝑀𝑚3𝑦𝑟¯1, 

which was 137 𝑀𝑚3𝑦𝑟¯1 less than the amount estimated by Hoekstra & Hung (2002). It 

can be interpreted due to the consideration of few crops in calculation in this study, 

while Hoekstra & Hung (2002) considered a broader range of crops produced in and 

imported into Finland. 
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For testing the hypothesis given by Hoekstra & Hung (2002) water scarcity and water 

dependency were plotted in the following Figure 18. The hypothesis was based on the 

assumption that if the country faced with water scarcity it would be dependent on 

foreign water resources (Hoekstra & Hung 2002). 

 

 

Figure 18. Water dependency versus water scarcity for Iran and Finland (2007−2012). 

 

The Figure 18 resulted in positive values, as it was suggested by the hypothesis. At the 

same time considering the results from previous work by Hoekstra & Hung (2002), 

where the hypothesis was rejected, there was no clear positive relation between water 

scarcity and water dependency. It shows that in practice this hypothesis cannot interpret 

the results properly. For example, according to Hoekstra & Hung (2002) in Iran water 

scarcity index was estimated 72.9% and meanwhile the country water dependency was 

calculated 6%, which did not support the hypothesis in terms of water scarcity would 

bring higher water dependency. And as one can notice here in Table 21 less water 

scarcity did not suggest less water dependency. 
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1) Average climate data was used to calculate the VW content of the 

products. Climate data varies in time and space, so considering the average data for a 

country with lots of variation in climate data it would neglect the variation in the 

calculation of VW content in different areas.  

2) Despite the fact that only 20% of the global arable land is irrigated, in VW 

content calculation, the water deficit requirements of the crops are met by 

supplementary irrigation, which is far from the reality in agriculture sector. This leads to 

the overestimation of blue water use in calculation of WFs. So the assumption of fully 

meeting the potential crop evaporation should be reconsidered in defining the whole 

method for assessing the WF and VW contents too. 

3) Pollution on the local water bodies was not considered during these 

studies.  

 

6 Conclusions 

 

This study was a step towards water footprint accounting considering a more recent 

model (AQUACROP) in estimation of evapotranspiration (ET) values, which was the 

part of basic data for water footprint calculations. This research tried to disclose more 

recent numbers of water footprint related to the selected crops in Iran and Finland over 

time period of 2007 to 2012. In this study I tried to illustrate the results in a direct and 

clear way that it can be available and understandable to the future readers. Due to the 

fact that the results of this study to a great extent were based on rough assumptions and 

theories in ET estimations, this report aimed at data providing and later one can apply 

local data (soil parameters, crop characteristic in different cultivars, etc.) in order to 

calibrate the model to obtain more precise ET values.  

 

According to the aim of this study the recent figures of the water footprint and water 

saving has been calculated. One can conclude that based on the water footprint 

definition (consumptive water use for one ton of production), effective agricultural and 

water management may result into reduced water footprint of the final products. The 
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WF can be a strong tool for assessing the consumptive water use of the agricultural 

systems in place and time according to different agricultural and water managements. It 

can bring a ground for comparing the production sites for certain crops or products 

considering the lower WF of the produced items.  

Below are the questions for further research: 

 Which reasons are responsible for shaping the trade balance in each 

geographically delineated area? 

 What are the reasons behind yield changes in each year?   

 What are the reasons that shape the agricultural systems in each area of 

production? What is the share of agricultural subsidies in changing towards more 

effective and sustainable agricultural systems?  

 What are the drivers behind global water use efficiency? How we can 

agree on the global water footprint standards? 

 What is the role of governments in shaping the virtual water trades? How 

policy-makers can affect the water saving for other purposes than agriculture? 
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Appendices 

 

Appendix I: Grey Water Footprint 

 

a) Concept 

 

As it is stated earlier, the grey water footprint is the amount of water needed for 

assimilation of the pollutant load which enters the water body based on the natural 

background concentrations and existing ambient water quality standards (Franke et al. 

2013). The calculation of the grey water footprint results in the volume of water that is 

needed to assimilate the pollutants in a way that the quality standards of the water body 

at least meet the ambient water quality standards.  

 

b) Calculation of Grey Water Footprint 
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According to The Water Footprint Assessment Manual (Hoekstra et al. 2011), 

theoretically the grey water footprint can be calculated in three tiers, but in practice tier 

one, in which the basic level of calculation in GWF is applied was used in the previous 

studies (Mekonnen & Hoekstra 2010). Tier 1 is also more practical in real case studies, 

as tier 2 and 3 need the laborious data and analysis. For more details on different tier the 

water footprint manual by Hoekstra et al. (2011) is recommended. 

 

In the case study of the agricultural crops, the process of growing crops is considered 

for calculations and the grey water footprint regarding different fertilizer use (Nitrogen, 

Phosphorus and Potassium included fertilizers are the most common ones) is calculated 

and at the end the largest grey water footprint compared to the all calculated grey water 

footprints would be the final grey water footprint of the crop (Hoekstra et al. 2011). In 

the case of agricultural crops the diffuse pollution is considered (The WFA Manual 

2011). Following the formula provided by the WFA manual, the GWF in case of 

general diffuse pollution is calculated by dividing the loads of pollutants that enters the 

water body (L) by the critical load (𝐿𝑐𝑟𝑖𝑡) times the runoff of the water body (R): 

 

𝐺𝑊𝐹 =
𝐿

𝐿𝑐𝑟𝑖𝑡
 × 𝑅                                                                                            (1)  

R is the runoff of the water body in volume per time. 

 

According to the definitions, the critical load is the amount of pollutants that hampers 

the assimilation capacity of the water body (Hoekstra et al. 2011). Here the natural 

background concentration (𝑐𝑛𝑎𝑡) of the water body and the maximum acceptable 

concentration (𝑐max  ) are used to define the critical load: 

 

𝐿𝑐𝑟𝑖𝑡 = 𝑅 × (𝑐max  − 𝑐𝑛𝑎𝑡)                                                                             (2) 

𝑐max   and 𝑐𝑛𝑎𝑡 are in mass per volume unite. 
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Combining the equations 1 and 2 results into the following simplified equation: 

𝐺𝑊𝐹 =
𝐿

𝑐max  − 𝑐𝑛𝑎𝑡
      [volume/time]                                                              (3) 

 

The reality of leaching part of chemical fertilizers to the surface and groundwater brings 

us to calculate the dimensionless leaching-runoff fraction (α) (Hoekstra et al. 2011). It is 

clear that in the country scale research the fraction of the total chemicals, which enters 

into the soil, is out of measurement and the fact that the substances leach to the water 

bodies in a diffuse way make it harder to evaluate. Since the location and the timing of 

diffuse pollution is out of reach, the pollution at the outlet of the catchment can be 

considered as an investigation area, but then again the leaching would include the 

combination of the chemical substances from different sources (Hoekstra et al. 2011). 

 

Appendix II: Finnish arable land soil types (map is provided by Kurki 1972). Numbers 

are % of the cultivated area (% peltoalasta) in the topsoil layer. 
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Appendix III:  Green and Blue Water Footprint of crops in Iran during 2007−2012 

(m³/t) 

 

 

 

Year 
Oilseed rape Wheat Barley Maize Soybeans 

Green Blue Green Blue Green Blue Green Blue Green Blue 

2007 132 1453 676 423 1092 429 34 302 109 990 

2008 107 3738 546 748 603 1279 25 668 76 1941 

2009 170 3745 519 694 680 502 42 661 120 2349 

2010 157 3721 667 752 528 411 37 415 152 2693 

2011 207 3682 527 619 655 730 88 997 171 2249 

2012 141 3763 569 674 524 669 49 840 114 2297 

Mean 153 3350 584 652 680 670 46 647 124 2086 


