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Abstract

:

An analysis of virtual crop water export through international trade is conducted for Greece, downscaled to the River Basin District (RBD) level, in order to identify critical “hotspots” of localized water shortage in the country. A computable general equilibrium model (MAGNET) was used to obtain the export shares of crops and associated irrigation water was calculated for all major crops in Greece. A distinction between virtual crop water locally consumed and traded internationally was made for all Greek RBDs. Cotton was identified as a large water consumer and virtual water exporter, while GR08 and GR10 were identified as the RBDs mostly impacted. The value of virtual water exported was calculated for all crop types and fruits and vegetables were identified as the crop most beneficial, since they consume the least water for the obtained value.
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1. Introduction


Europe’s economic prosperity and well-being is intrinsically linked to its natural environment—from fertile soils to clean air and water. Natural resources enable the functioning of the economy (globally, continentally, nationally and regionally) and support our quality of life. These resources include (renewable and non-renewable) energy, food and fiber from crop production, quality of soil, and water [1]. Global demand for fresh water, for example, is foreseen to increase until 2030 by 40%, while demand for food by 35% [2]. Such trends largely depend on growth in global population, increased urbanization and changes in consumption patterns. Continuing current trends in the use of these natural resources means that nations are living beyond their biocapacity, thus creating an ecological deficit [3]. Specifically for Europe, despite the environmental improvements of recent decades, the challenges it faces today are considerable, especially in the Mediterranean, where water scarcity is increasing under the pressure of climate change and natural capital is being degraded by socioeconomic activities, such as agriculture. Beyond Europe, global pressures on the environment have grown at an unprecedented rate since the 1990s, driven not least by economic and population growth, and changing consumption patterns. Furthermore, food, water and climate are interconnected [4] and addressing food security issues under climate change automatically puts pressure on water resources. Even though there is enough freshwater on the planet to serve the needs of global population, it is unevenly distributed and too much of it is wasted, polluted and unsustainably managed [5]. This practically means that according to climate conditions and location, some countries may suffer from water scarcity while others are favored by physical water abundance. This unequal allocation of water drives a diversity in water availability for human life, ecosystems, industry and agriculture; while is fundamentally and inextricably tied to the history of politics, economics, food production, and population dynamics. Modern societies, under the threat of irreversible depletion of the available water reserves are starting to see the need to revise their overall water use practices towards an integrated and effective sustainable plan of water resource management.



At the same time, growing understanding of the characteristics of Europe’s environmental challenges and their interdependence with economic and social systems in a globalized world through trade has brought with it increasing recognition that special attention is needed to the concept of “embedded resources” in the goods being traded. “Virtual” or “embedded” water in the chain of all productive processes that goods undergo till they are marketed and exposed to international trade is a relevant approach towards water balance analysis, on a global level [6]. The virtual water concept implies the “hidden” water behind goods and essentially incorporates the volume of water that is transferred from one country to another through commerce. Virtual water analysis is considered as a lever to reveal the background water flows embedded on the trading net of commodities. Since the conception of the idea, numerous studies have been conducted in terms of quantifying virtual water flows between countries [7,8,9]. Hoekstra and Hung [10] introduced a research scientific report highlighting crop virtual water trade flows for the period 1995–1999, concluding to the share of the nations with largest net virtual water exports and imports. In another article, Zimmer and Renault [11] addressed methodological issues and provided preliminary results on global virtual trade, deducing the main contributors among crops, livestock, and fishery products. China, a country with a large fluctuation in water resource availability throughout its borders and with high inter-regional commercial activity was thoroughly investigated by Guan and Hubacek [12], who concluded that the trade structure between North and South China is not very favorable with regards to water resource allocation and efficiency.



At international level, “virtual water trade” has geopolitical effects and causes dependencies between countries. Since virtual water is economically invisible and politically silent [13], national policy makers have to dedicate on revealing the dynamics of virtual water in order to assess trade impact on water resource availability. In other words, it is beneficial for nations with scarce water resources to redesign their national imports-exports policies by importing virtual water, through the import of water-intensive products and exporting less water consuming products. In light of this, transaction of goods should follow a securing food and water availability pattern depending on the coupling of economic and environmental status of the country [10].



In this paper, an analysis of virtual crop water of Greece on a River Basin District (RBD) level is conducted. Virtual crop water demands for 2011 are calculated and mapped on the Greek RBDs on a monthly time step, thus capturing the seasonality and identifying the impact of agriculture on local water resource availability. The Modular Applied GeNeral Equilibrium modelling Tool (MAGNET) is used to estimate the future levels (up to 2050) of Greek agricultural production and exports and associated virtual crop water, which is either consumed locally or exported. The analysis reveals the crops that contribute mostly to the virtual crop water export in Greece and identifies the corresponding RBDs that are mostly impacted. The analysis is extended to include the monetary value of exported agricultural products; this value is compared against the corresponding embedded water of these products, producing useful information on the value of exported crops per virtual crop water unit.




2. Materials and Methods


There are 14 RBDs in Greece; they have been defined for districts with similar hydrogeologic conditions and they constitute the regional level water management unit nationally. The Water Framework Directive 2000/60/EC (WFD) defines the RBD as the indicative spatial unit for which the corresponding plans are drawn up; thus, virtual crop water analysis for Greece on an RBD level is deemed as most relevant to reveal the impact of agriculture on local water resource availability. Although Greece has one of the greatest water resource potentials per capita in the Mediterranean area and should theoretically have ample water for its population and traditional water uses, water is not evenly distributed in space and time. The maximum precipitation is recorded in the western parts, where the available water resources are consequently plentiful, while in other regions of the country, precipitation is much lower and available water resources are insufficient to meet the demand. Due to this inequality in water distribution, both in space and time, some regions of Greece are facing long-term water shortage problems [14]. The Greek Ministry of the Environment and Climate Change (YPEKA) reports results of its National Water Monitoring Network on groundwater quantity; according to these results (found in nmwn.ypeka.gr/map), and when it comes to water quantity, several RBDs (GR01, GR02, GR03, GR04, GR05, GR11, GR12, GR13, GR14) are classified as having adequate water quantities, two RBDs as having medium supplies (GR06, GR07), and three RBDs as being highly stressed (GR08, GR09, GR10). Figure 1 shows the distribution of these RBDs. This map has been developed with data provided by the Hellenic Ministry of the Environment and Climate Change, where the water resource quantities in river basins are classified as “good”, “bad” or “unknown”. Depending on the surface area occupied by “bad” river basins that correspond to each RBD, they are classified as “low”, “medium” or “high stress” in the map shown in Figure 1. The map attests the uneven distribution of groundwater resources availability throughout Greece, while it enhances the ascertainment that considering water resource availability on a national level may be misleading, since water scarcity is localized in specific regions. Specifically, the Thessaly and Central Macedonia plains (GR08 and GR10 respectively) are the most intensively cultivated in Greece, requiring large amounts of irrigation water, creating a water deficit that is seasonal reaching its peak during the summer months, when precipitation is at its lowest [15]. As shown in Figure 1, these RBDs are the ones with the worst groundwater quantity state (highly-stressed).



2.1. MAGNET Model


In this study we use the Modular Applied GeNeral Equilibrium modelling Tool (MAGNET) to estimate the future levels of Greek agricultural production and exports. MAGNET has been used in policy analysis and the exploration of future economic trends particularly related to agriculture. MAGNET is a recursive, dynamic, multiregional, multisector, general equilibrium model that covers the entire global economy and is fully documented in Woltjer et al. [16]. MAGNET, based on the comparative static general equilibrium model GTAP [17], is structured in a modular fashion, where additional modelling extensions can be added and removed as needed to address the question at hand. The core of the model is a set of national or aggregated national input-output tables of payments and receipts between all sectors and including the household consumption and bilateral trade flows. Production is structured using a nested constant elasticity of substitution (CES) function, where the nested inputs and substitution elasticities can be structured differently to capture sector production characteristics. Consumption is divided between private consumption, government consumption and savings using Cobb-Douglas function and private consumption further specified using a constant-difference elasticity (CDE) function among consumption goods. MAGNET can be linked to the IMAGE model [18], which provides projections for agricultural land availability, yield changes and livestock productivity.



To project sector and trade developments in Greece and the rest of the world towards 2050, MAGNET is run using exogenous GDP and population projections to endogenously calibrate the productivity increases of labor and other production inputs. The GDP and population projections are in line with the Business As usual Shared Socio-Economic Pathway (SSP2). The SSPs [19] are a set of qualitative narratives of future development. SSP2 represents the business as usual development pathway with the continuation of current trends in, for example, GDP, population, diet, energy use, land use regulation and agricultural yield efficiency increases. The specific SSP2 instantiation used in MAGNET is documented in van Meijl et al. [20]. MAGNET was used in order to calculate the future production of a series of generic crop categories for Greece up to 2050, having as a point of reference their production quantities in 2011. Each generic crop category included in the analysis is subdivided into specific crop types, as shown in Table 1, in which the crop categories and their production quantities are listed; these quantities are used as input data to the model.



MAGNET was used to produce the generic crop categories and their export shares; in Table 2, the market values in 2011 and the corresponding values for 2030 and 2050 are presented. These values use constant 2011 prices; therefore, the changes in production value are purely due to changes in the quantity of production.



To estimate the total share of Greek crops that are created for foreign consumption we include not only the crops that are directly exported, but also include indirect crop exports, that is, crops that are first used as inputs in another sector and which are then further exported. Examples of this include paddy rice as an input into processed rice, which is then exported, or grains as input into cattle, which are then exported. This estimation is done on the basis of input shares and where necessary was also done iteratively (for example, grain into cattle which is further taken as input into cattle meat). Figure 2 is a schematic that illustrates these relationships; quantities marked in the figure as (1) through (4) are further described in the corresponding formulas. Total crop exports for each period are calculated as the sum of quantities (1) through (4).


    Direct   Exports   of   crop   i   ϵ   c  :    Prod  c  ×   ExpShr  c     



(1)






    Indirect   Exports   of   crop   i   ϵ   c  :    Prod  c  ×  Σ  j ϵ di   (   InpShr   c − di   ×   ExpShr   di   )    



(2)






   Additional   Meat :   Prod  c  ×  Σ  k ϵ an    (    InpShr   c − an   ×  Σ  l ϵ mt    (    InpShr   an − mt   ×   ExpShr   mt    )   )    



(3)






   Additional   Processed   Food :    Prod  c  ×  Σ  m ϵ di 1    (    InpShr   c − di 1   ×  Σ  n ϵ proF   (   InpShr   di 1 − procF   ×   ExpShr   proF    )  )   



(4)




where,      Prod  i     is the production of sector i, valued in 2011 USD;      ExpShr  i     is the unitless ratio (exports of sector i)/(production of sector i) both terms valued at 2011 USD;      InpShr   i − j      is the unitless ratio (inputs from sector i into sector j)/(production of sector i) both terms valued at 2011 USD.



The indexes c, di, di1, an, mt, proF sets containing respectively: crops, direct inputs of crops, direct inputs of crops less processed food and other industry, animals, meat, and processed food. A Table (Table A1) is included in the Appendix A that contains the list of MAGNET sectors in each of these sets.



Quantity (1) represents the direct exports of each crop, these were taken directly from the MAGNET model. Quantity (2) represents the portion of crops that were indirectly exported by a sector, which took the crops as a direct input, examples here would be processed rice, sugar and vegetable oil. We excluded the services sector where we assumed crops consumed by the services sector, for example restaurants, were all used domestically. Quantity (3) represents the indirect exports of crops via the exports of meat which itself consumes crops indirectly through the consummation of the “animals” sector. Quantity (4) represents the exports of crops indirectly through processed foods first via another sector. For example, the exports of oil seeds via vegetable oil via processed foods. The estimation of total crop exports including direct and indirect is given by the sum of products (1)–(4). Table 3 shows the value of the crops, calculated by MAGNET, which are destined for export either directly or indirectly through other sectors. The projections till 2050 provide information concerning the evolution of the percentage export shares per crop type.




2.2. Data on Water Demand per Crop Type


Water demand per crop type was calculated using Equation (5).


   W  C  i , j , k   =  A  i , k   ∗ W  N  i , j     



(5)




where,    W  C  i , j , k      is water consumed for crop i, on month j and on RBD k;     A  i , k      is the area occupied by crop i, on RBD k;    W  N  i , j      is real water needs for crop i, on month j.



Agricultural areas for each crop type were obtained from the Hellenic Statistical Authority (ELSTAT) [21], where irrigated crop types, corresponding areas and production quantities are listed for all Greek regions. Since Greek regions do not exactly match RBDs, ArcGIS was used to downscale this information and transform it from regional to RBD level. Naturally, ELSTAT data matched EUROSTAT data, which is the primary source of data for MAGNET, ensuring that our base year data were in compliance with MAGNET data. This way, even though MAGNET provides production quantities for different crop categories only on a national level, it was possible to disaggregate national-level data to the 14 Greek RBDs. Monthly irrigation data per crop type was obtained by an online tool provided by the Institute for Agricultural Research of Cyprus [22], which provides monthly water needs for each crop type. It should be noted here that all calculations were done on the basis of actual crop water needs and losses and/or irrigation technologies were not taken into account. Obtained data were cross-checked with EUROSTAT annual irrigation water consumption data reported per RBD for Greece and a general agreement was established, essentially validating the approach. After obtaining data series on water demand per crop type for all irrigated crops and different RBDs in Greece on a monthly time step for 2011, MAGNET projections for agricultural production for years up to 2050 enabled the generation of similar data series for water demand for consecutive years.



Applying the export shares derived from MAGNET by 2050 to the crop production volumes in each RBD provides the basic information needed to calculate how much water is finally exported per crop type. It should be noted here that differing climatic conditions that might affect irrigated crop water demand were not taken into account; in other words, it was assumed that irrigation demand stayed the same throughout the years. This assumption is considered to be safe, based on data reported by the European Environment Agency (EEA) on how climate change affects water requirements of agricultural crops across Europe, in which projections are presented specifically for grain maize [23]. The projected annual rate of change of crop water deficit (the difference between crop water demand and rainfall) for maize during the growing season in Greece for the period 2015 to 2045 is expected to only vary between −10 and 10% for most of the country. This deficit change includes changes in rainfall, which is expected to drop for Mediterranean countries, thus increasing estimated deficit values for Greece. Since the future deficit estimated by the EEA is relatively small for Greece, it is not expected that the assumption will introduce significant error in the results presented herein. Changes in water demand presented here are a result only of changes in production for SSP2, which is calculated by MAGNET, taking into account its assumptions. Using MAGNET projections, the exported virtual crop water is calculated accordingly.





3. Results


3.1. Locally Used and Exported Virtual Crop Water


Irrigation water is calculated for all crops produced in Greece and is further divided in two categories: irrigation water for crops consumed within the Greek territory and irrigation water for crops ultimately exported through international trade. In Figure 3, this distinction between locally used and exported virtual crop water is shown for the base year 2011. Furthermore, exported water is downscaled to the RBD level, in order to distinguish which RBDs are impacted the most, following the notation used in Figure 1 for their state regarding water quantity. As expected, irrigation water demand is much higher during the summer months of June and July, intensifying the high stress various RBDs face due to agricultural activities. In terms of “exported virtual water”, the three highly stressed districts (GR08, GR09 and GR10) seem to carry the biggest load, since about 40% of exported water comes from these RBDs for six months of the year (April to September). If medium-stressed districts are added to this percentage, then approximately 50% of exported water originates from these highly impacted districts.




3.2. Water-Intensive Crops Exported per RBD


Figure 4 shows the two crop types with the highest virtual crop water exported per RBD in Greece for years 2011, 2030 and 2050. It is obvious that GR08 contributes mostly to water exports, through cotton. Indeed, cotton seems to stand out almost in all RBDs where it is cultivated, namely GR04, GR07, GR08, GR09, GR10, GR11 and GR12. Olives also seem to stand out in the RBDs of the Peloponnese (GR01, GR02 and GR03) and in Crete (GR13), but their export share in virtual crop water is second to cotton. Alfalfa, fruits & nuts (f & n), and paddy rice also appear on the list as significant virtual crop water exporters. On almost all cases, with only minor exceptions, virtual crop water exports are projected to be increasing over time, all the way to 2050, enhancing the view that agricultural production will remain a strong sector in the Greek economy and making even more urgent the need to manage water resources efficiently in the years to come.




3.3. Economic Versus Environmental Aspects of Virtual Crop Water Exported


In order to assess the relationship between the value of exported crops and the associated virtual crop water exported, an analysis of the relationship of these two quantities is presented in Figure 5 for each RBD in Greece for 2011. In the presented graphs, the same scale is maintained on the axes, to facilitate a comparison among RBDs. The trends identified in Figure 4 are confirmed in these graphs, showing that wherever cotton (pfb) is produced, it dominates water exports. When comparing value and virtual crop water exported for cotton, it is important to note that water always exceeds associated value. The same is true for olives (osd), which are present in the Peloponnese (GR01, GR02 and GR03) and in Crete (GR13), even though the value and associated water are generally lower than those for cotton. Vegetables, fruit vegetables, and fruits & nuts which belong in the generic category “v_f” have the highest share value in all RBDs, while the associated virtual crop water exported is relatively low. Even though paddy rice (pdr), sugar beet (c_b), and maize, rye, oats and other cereals (all the latter grouped under the “gro” category) contribute with their corresponding share to the value of each RBD, they make up a set of agricultural products that export water quantities that exceed their relative value. Tobacco, alfalfa, clover, fodder root, and potatoes (grouped under the “ocr” category) have a relative value that exceeds their associated exported water.





4. Discussion


Agriculture is a considerable water consumer, impacting severely on water resources availability and thus, it is a subject of controversy regarding the formulation of agricultural policy aiming at relieving pressures on water resource. According to EUROSTAT, in Greece, a staggering 82% of total water is used by the agriculture sector; the same percentage applies to groundwater and surface water resources. In other words, 82% of both groundwater and surface water consumed in Greece, it is used by agricultural activities. When continuing with the analysis on the RBD level (Figure 6), the results are compelling, since it becomes evident that most of agricultural water comes from only a few RBDs and indeed from the ones that are highly stressed (GR08, GR09 and GR10); this reinforces what is shown in Figure 3. Furthermore, in Figure 6 we see that for GR08, almost all of agricultural water comes from groundwater, which, as we can see in Figure 1, is already characterized as “highly stressed” in terms of quantity by the Ministry. Given the fact that the largest agricultural water demand in the nation is exerted on GR08 and GR10 (Figure 6), it becomes obvious that these RBDs are under extreme stress. Furthermore, when it comes to virtual crop water exported, GR08 and GR10 are the ones with the highest virtual exported water quantities, as shown in Figure 7 and according to Figure 4, these trends are expected to intensify in consecutive years all the way to 2050.



Since the RBDs with the largest virtual water exports are the ones with the biggest problems in terms of water resource availability, the analysis of the value of exported crops is justified. If Greece faces water scarcity issues and consumes a large percentage of its water resources on agriculture and ends up exporting a significant part of agricultural products and thus their embedded water, at least it would be “comforting” to know that these exports have a high value for the Greek economy! Results from Figure 5 show that crops under the “v_f” category, namely vegetables, fruit vegetables, fruits and nuts are the most “promising” ones, since they are the ones that have the highest value on all RBDs, while their associated virtual water is proportionally very low. The analysis reveals that exporting crops under the “v_f” category will bring significant value to the economy, with the least water proportionally.



Naturally, it should be noted that this result is based solely on the amount of virtual crop water embedded in the crops and it does not consider other inputs in this crop type, such as energy, labor, land, soil, fertilizers, pesticides, etc. Furthermore, this analysis does not consider the other part of the equation, which is the water embedded in the imported products into these RBDs, which may bring water savings into the water stressed regions as well. Such analysis goes beyond the scope of this article and would be a valuable continuation of this work. The procedure of estimating the total crop exports (including indirect exports) using value of domestic input and export shares has a number of caveats that should be considered. The most important is that aggregate sectors in MAGNET might hide the non-homogeneous characteristics of individual crops and food sectors. In other words, even though under the crop category “v_f” there are several crops with different water demands, we are not able to track which specific crops are being exported, but we base our calculations on average values. Moreover, we assume that all inputs into the exporting sector are exported in equal measure. In the same way, the “Services” and “Other industry” sectors include many outputs that do not use food as an input, even though the aggregate sector does use food inputs. For the former, we have used the conservative estimate that all service exports were of labor and expertise and not of physical food, even though the “services” sector purchases inputs from crops. Similarly, we assumed that inputs into food sectors from the latter sector did not include any indirect crops, so “Other industry” was left out of the set di1 in the Appendix. Nevertheless, even after considering these important caveats, we believe that the method of estimating the total crop exports, as presented in this article, is reasonable and sound.



To compare throughout all RBDs and all crop types, Table 4 is included, which shows the relationship between value and virtual exported water. The exported virtual crop water per value ratio presented as “unit of virtual crop water (m3) per USD” shows that vegetables and fruits are the most advantageous crops from an economic and a water perspective, when considered together, since the said ratio has the lowest value for all RBDs. Cotton, the largest virtual crop water exporter in Greece appears much less advantageous, since the ratios have relatively large values, as shown in Table 4. Even though the ratios are not the largest for cotton, their relative size is significant since the water volumes are much larger than in other crops. For comparison purposes, the water to value ratio has a really high value (9.88) in GR14 for paddy rice (pdr). However, as we see in Figure 5, water volumes in this RBD are so low that such a high number is less significant. Olives (osd) also appear to have relatively high ratios, deeming them less advantageous in terms of value and virtual crop water exported. Figure 8 shows a graphical representation of the water to value ratio for all RBDs, in order to show its variation throughout the RBDs. As mentioned before, these ratios should only be considered along with the graphs in Figure 5, which show the intensity of water use in each RBD, in order to identify the most significant crops.
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Table A1. Set definition for sector sets used in Formulas (1)–(4).






Table A1. Set definition for sector sets used in Formulas (1)–(4).














	Set Name
	Crops
	Direct Inputs
	Direct Inputs Less Processed Foods and Other Industry
	Animals
	Meat
	Processed Food





	Set symbol
	c
	di
	di1
	an
	mt
	proF



	Includes sectors
	Paddy rice
	Cattle
	Cattle
	Cattle
	Cattle meat
	Processed food



	
	Wheat
	Dairy cows
	Dairy cows
	Dairy cows
	Other meat
	



	
	Other grains
	Other animals
	Other animals
	Other animals
	
	



	
	Vegetables and fruits
	Cattle meat
	Cattle meat
	
	
	



	
	Oil seeds
	Other meat
	Other meat
	
	
	



	
	Sugar beets
	Sugar
	Sugar
	
	
	



	
	Plant-based fibers
	Vegetable oil
	Vegetable oil
	
	
	



	
	Other crops
	Processed rice
	Processed rice
	
	
	



	
	
	Processed food
	Animal feed
	
	
	



	
	
	Animal feed
	
	
	
	



	
	
	Other industry
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Figure 1. A map of Greece illustrating groundwater stress levels for all RBDs (adjusted from data obtained by the Hellenic Ministry of the Environment and Climate Change, nmwn.ypeka.gr/map). 






Figure 1. A map of Greece illustrating groundwater stress levels for all RBDs (adjusted from data obtained by the Hellenic Ministry of the Environment and Climate Change, nmwn.ypeka.gr/map).



[image: Geosciences 08 00161 g001]







[image: Geosciences 08 00161 g002 550] 





Figure 2. Total crop export including indirect exports from the noncrop sectors. The numbers in the brackets indicate the equation number that describes the corresponding product. 
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Figure 3. The amount of irrigation water consumed in Greek territory (locally used) against exported through trade and the percentage contribution to the exported water downscaled to low-, highly and medially stressed RBD areas. 
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Figure 4. The two crop types with the highest virtual crop water exported per RBD in Greece for years 2011, 2030 and 2050. Reported numbers are in thousands of cubic meters of water. 
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Figure 5. Exported crop values in comparison with the corresponding virtual crop water for all RBDs in Greece for the base year 2011. 
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Figure 6. Distribution of agricultural water demand on Greek RBDs, with a distinction between groundwater and surface water for base year 2011. 
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Figure 7. Distribution of exported virtual crop water on Greek RBDs, for base year 2011. 
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Figure 8. Variation of exported virtual crop water per value ratio for all crop types and all RBDs in Greece for base year 2011 (in m3 of virtual crop water per USD). 
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Table 1. Crop category codes used in MAGNET, types of crops included under each category and the corresponding quantities in 2011, used as input to MAGNET.
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	Generic Crop Category Codes
	Quantities in Metric Tons
	Types of Crops
	Quantities in Metric Tons





	pdr
	219,200
	paddy rice
	219,200



	gro
	1,993,584
	maize

rye

oats

other cereals
	1,781,072

26,794

66,379

119,339



	v_f
	4,430,959
	vegetables

fruit vegetables

fruit & nuts
	780,268

1,195,693

2,454,997



	osd
	731,536
	olives
	731,536



	c_b
	490,508
	sugar beet
	490,508



	pfb
	631,867
	cotton
	631,867



	ocr
	1,965,601
	tobacco

alfalfa

clover

fodder root

potatoes
	26,997

1,167,928

121,719

6

648,951
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Table 2. Crop production market values in 2011, 2030 and 2050.
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	Generic Crop Categories
	2011 Production Values in Constant 2011 Million USD
	2030 Production Values in Constant 2011 Million USD
	2050 Production Values in Constant 2011 Million USD





	pdr
	119.31
	117.05
	128.22



	gro
	897.39
	970.77
	1024.91



	v_f
	5578.1
	5590.00
	5779.61



	osd
	302.08
	330.34
	363.59



	c_b
	32.39
	23.08
	21.84



	pfb
	619.59
	670.79
	745.63



	ocr
	1686.08
	1715.54
	1867.05
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Table 3. Total exports value of the crops in 2011, 2030, and 2050 in constant 2011 prices.






Table 3. Total exports value of the crops in 2011, 2030, and 2050 in constant 2011 prices.





	Generic Crop Categories
	Total Exports Value (Millions USD) in 2011
	Total Exports Value (Millions USD) in 2030
	Total Exports Value (Millions USD) in 2050





	pdr
	40.05
	38.91
	50.65



	gro
	107.62
	122.27
	131.24



	v_f
	1252.70
	1266.17
	1435.23



	osd
	121.54
	136.50
	154.94



	c_b
	6.89
	2.78
	3.21



	pfb
	334.69
	373.59
	428.46



	ocr
	369.59
	391.75
	516.49
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Table 4. Exported virtual crop water per value ratio for all crop types and all RBDs in Greece for base year 2011 (in m3 of virtual crop water per USD). Shaded cells represent the lowest values.
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	Crops
	GR01
	GR02
	GR03
	GR04
	GR05
	GR06
	GR07
	GR08
	GR09
	GR10
	GR11
	GR12
	GR13
	GR14





	pdr
	4.35
	4.35
	4.73
	4.00
	3.02
	3.70
	3.26
	2.98
	2.96
	2.96
	2.99
	3.47
	0
	9.88



	gro
	2.16
	2.22
	3.04
	1.86
	1.88
	1.01
	1.60
	1.24
	1.73
	1.80
	2.01
	2.14
	3.02
	0.22



	v_f
	0.27
	0.26
	0.30
	0.21
	0.24
	0.30
	0.18
	0.15
	0.32
	0.31
	0.73
	0.23
	0.22
	0.43



	osd
	3.37
	2.73
	3.56
	3.42
	3.50
	7.30
	6.12
	6.05
	4.56
	4.55
	4.11
	3.23
	2.93
	11.66



	c_b
	0
	0
	0
	1.36
	1.68
	1.48
	1.30
	1.43
	1.68
	1.68
	1.67
	1.62
	0
	9.89



	pfb
	2.02
	2.02
	2.33
	2.50
	2.57
	2.36
	2.42
	2.74
	2.57
	2.57
	2.61
	2.68
	0
	1.48



	ocr
	0.84
	0.95
	1.24
	1.06
	1.56
	0.56
	1.25
	1.37
	1.28
	1.38
	1.34
	1.36
	0.51
	0.94
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