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ABSTRACT 
Since the invention of the concept of virtual water, growing attention has been paid to the possibility of employing it to approach 
the global water crisis. This approach would require countries experiencing low to no water stress to export more virtual water to 
water-stressed countries than they would import. Since Germany is considered to be a low water-stressed country, it is expected 
to adapt its trading policies accordingly. To verify if this holds true, this study will evaluate the amounts of virtual water exported 
and imported by Germany from selected medium to high water-stressed nations. 
For the purpose of this study, only agricultural products were taken into account and divided into three main categories: animal 
production, crop production, and overall food production. In the following, a short introduction into the concept of virtual water 
will be given, followed by a detailed explanation of the methods used in the study, as well as results for each of the categories. 
Moreover, encountered limitations will be addressed and a final conclusion will be drawn. 
 

Keywords: Virtual Water Trade, ArcGIS, Virtual Water Content, Global Water Crisis 

 
INTRODUCTION 
 
The worldwide water crisis is an on-going global issue 
prompted by an exponentially rising world population, 
consequently increasing demands for water-intensive 
sectors, such as agriculture. According to the United 
Nations World Water Assessment Programme (2018), 
3.6 billion people currently live in a potentially water-
scarce area for at least one month per year. By 2050, 
this number is predicted to reach 5.7 billion. One of the 
most important steps in approaching the global water 
crisis – which is often neglected on the governmental 
level – is recognizing the global dimension of the 
problem and the need for international cooperation. 
While all countries trade water-intensive commodities, 
the volume of water exported or imported by a country 
in this way is usually not taken into consideration 
(Hoekstra & Mekonnen, 2012). This motivated the 
British geographer John Anthony Allan to develop the 
concept of virtual water – the water "embodied" in a 
particular product (Hoekstra, 2003, p. 13). The concept 

brings into light the amount of water traded by 
countries in commodities and is often seen as a 
geopolitical instrument to ensure the efficiency of 
global water use (p. 14). Since virtual water can be 
considered as an alternative water source, to ensure 
fair trade and water management on an international 
level, countries with abundant aquatic resources 
should produce and export water-intensive products to 
the countries with higher water stress (p. 14). 

Due to favourable climatic conditions and 
rich aquatic resources, Germany is considered to have 
a relatively low water stress rate. Consequently, it is 
assumed that it should export more water-intense 
products to countries experiencing higher water stress 
and import goods with lower virtual water content. To 
verify if this assumption holds true, in our project, we 
assess and compare the volumes of virtual water 
imported and exported from Germany to water-scarce 
countries around the globe in terms of agricultural 
products. We have decided to focus on food items 
since the agricultural sector is highly water-intensive 
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and is responsible for 70% of worldwide freshwater 
withdrawal. Moreover, this sector is characterized as 
highly flexible with their choice of trade partners, as 
many of the items – such as meat or vegetables – can 
be produced in different countries and even continents. 
The ultimate goal of the project is to identify the water-
scarce countries exporting more virtual water 
embodied in food products to Germany than their 
virtual water imports from Germany, as well as 
analyzing the trade policies between Germany and 
selected countries with regards to their respective 
water stress level. In order to gain an all-encompassing 
picture, the project will be approached from three 
different perspectives: animal production, crop 
production, and overall food production. Drawing on 
the results, necessary changes to German trade policies 
will be proposed to ensure higher efficiency and fair 
use of the water resources on a global scale. 
 
METHODOLOGY 
 
Data Collection 
Selection of the Countries 
Considering that our project is mainly focused on 
virtual water trade with water-scarce countries, the 
water stress level was the main criteria in the 
countries’ selection. Thus, we have consulted a 
working paper published by the World Resource 
Institute (Gassert, Reig, Luo, & Maddocks, 2013), 
which provides a ranking of countries based on their 
baseline water stress – which is defined as a correlation 
between total water withdrawal per year and total 
annual renewable water supply (p. 3). The first 80 
countries exhibiting the highest baseline water stress 
were selected. Nevertheless, as some of the countries 
(e.g. Antigua and Barbuda, Barbados etc.) have little 
to no trade with Germany, countries from which less 
than 18,000 tons of products were imported were 
disqualified. The threshold was only established for 
import, as the goal of our project is to determine the 
countries from which the amount of virtual water 
imported is significantly higher than the amount of 
water exported. Thus, countries from which 
inconsiderable amounts of products are imported are 
unlikely to fall under this category. As a result, the 
following 30 countries have been selected: Italy, 
Spain, Belgium, Unites States of America, Australia, 

United Kingdom, Argentina, China, Indonesia, 
Turkey, India, Greece, Luxemburg, South Africa, 
Ireland, Peru, Chile, Portugal, Morocco, Israel, 
Mexico, Estonia, Kazakhstan, Philippines, Dominican 
Republic, Cuba, Macedonia, Pakistan, Sri Lanka, and 
Cyprus. 
 
Data on Export/Import 
The website of the Federal Statistical Office of 
Germany (Statistisches Bundesamt) provided the 
information on the number of tons exported from and 
imported to Germany from each of the selected 
countries in 2017. The data included various 
categories, ranging from food production to textile and 
metals. For the purpose of our project, only the 
categories that are related to agricultural products (e.g. 
“meat”, “vegetables and fruits”) were taken into 
consideration (IDs of the selected categories, as 
provided by the Statistisches Bundesamt: WA02 - 
WA24). 
 
Data on Virtual Water Content 
Finding specific information on the virtual water 
content of food products imported from different 
countries was of the utmost importance for the success 
of the project and accuracy of the derived results. 
When considering the virtual water content of different 
food items, the site of the production can have a 
significant effect. This is due to the fact that water-
scarce countries have higher evaporation rates and 
droughts occurrences, which often results in additional 
irrigation and water loss. As the topic of virtual water 
content and trade have recently drawn particular 
attention from academia, abundant information on this 
topic was found in scientific journals. In our project, 
we were drawing upon studies by Hoekstra (2003), 
Hoekstra and Hung (2002), Hoekstra and Mekonnen 
(2010, 2011), as well as Yuan et al. (2017), which 
included specific data on the virtual water content of 
agricultural products in m3/ton and often addressed 
differences between countries. 
 
Data Preparation 
Calculating the Overall Amount of Water Imported 
and Exported from each of the Countries to Germany 
in Food Products (m3/km2) 
To calculate the overall amount of water imported to 
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Germany from a particular country, the following 
steps were applied: (1) Each of the categories of food 
products (WA02 - WA24; e.g. “meat” or “vegetables 
and fruits”) was aligned with the corresponding virtual 
water content (m3/ton) for the country. For the 
categories on which no country-specific information 
concerning the water content was available, the global 
average was used; (2) For each of the categories, the 
amount of the products imported from the country (in 
tons) was multiplied by the assigned virtual water 
content in (1). The result represents the amount of 
virtual water (in m3) imported under a particular 
category of products; (3) The values obtained in the 
previous step were added together for all categories 
representing agricultural products. The derived 
quantity represented the total volume of water (in m3) 
imported from the country to Germany in food 
products; (4) Finally, the value calculated in (3) was 
divided by the country area (in km2). Thus, virtual 
water losses and gains were represented per unit area, 
which ensured an appropriate comparison between 
countries of drastically different size (e.g. Luxemburg 
and China). 

Similarly to the water import, to quantify the 
total volume of water exported from Germany to a 
particular country, the following algorithm was used: 
(1) Each of the categories referring to food products 
(WA02-WA24) was assigned with the corresponding 
specific (or where no specific data were found – global 
average) virtual water content (m3/ton) for Germany; 
(2) For each of the category, the amount of the 
products (in tons) exported to the country from 
Germany was multiplied with the virtual water content 
from (1). The derived value represented the amount of 
virtual water (in m3) exported from Germany to the 
country under a particular category of products; (3) 
The sum of the results from (2) for each of the 
categories representing agricultural products was 
calculated; The obtained number, thus, represented the 
total volume of water in m3 exported from Germany to 
the country in food products; (4) The sum calculated 
in the previous step was divided by the area of the 
country to which the products were exported (in km2). 
 
Calculating the Overall amount of Water 
Exported/Imported by Germany separately for Crop 
and Animal Products 

The total amounts of the virtual water exported and 
imported by Germany in crops and animal products 
were calculated similarly to the overall virtual water 
export and import. The only difference was the 
categories that were taken into the calculation: WA06, 
WA07, WA08, WA09, WA10, WA11, WA12, WA 
13, WA14, WA17, WA18, WA19, WA20, WA23, 
WA 24 for crop products and WA02, WA03, WA04, 
WA05, WA16 for animal products. 
 
Assigning the Water Stress Score 
For each of the countries, a water stress score was 
assigned based on the above-mentioned working paper 
by Gassert, Reig, Luo, and Maddocks (2013). 
ArcGIS Pro: Preparation of Maps and Spatial Analysis 
For the preparation of maps and spatial analysis of the 
data, the ArcGIS Pro software was used, and the 
following steps were applied for each of the maps to 
create the layers: 
 
Countries’ Borders. The layer was produced by 
importing a shapefile with countries’s borders. 
 
Water Stress Score. To create the layer: (1) A 
corresponding excel table for the map was imported 
using the “Excel to Table” conversion tool; (2) The 
shapefile with the countries’ borders was imported a 
second time. The shapefile included a table with the 
list of all of the world’s countries and their spatial 
specifications; (3) The tables from step 1 and 2 were 
joined using the “Add Join” Data Management Tool 
based on the corresponding fields “Name” and 
“Country”. Only the countries selected for the project 
were shown on the map. (4) In “Symbology” of the 
layer, “Graduated Colors” were applied for the field 
“score”. 5 colors were chosen and the values for each 
of the colors were introduced manually with 0.5 
interval. As a result, countries selected for the project 
appeared on the map in the score color corresponding 
to their water stress, which allowed for more effective 
spatial analysis. 
 
WaterImport. This layer was created in the following 
steps: (1) “Add XY data” was selected for the 
previously imported table (see step 1 in 
WaterStressScore). Longitude and latitude included in 
the table represents the geographical centers of each of 
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the countries. (2) In “Symbology” of the layer, 
“Graduated Symbols” were applied for the field 
“Water imported to Germany per country area”. 20 
classes were chosen, and the values suggested by the 
GIS software were manually rounded to the integer 
number. (3) Size and the color were adapted to ensure 
the most effective spatial representation of the data. 
 
WaterExport. Similar to the WaterImport layer, (1) 
“Add XY data” was selected for the previously 
imported table. (2) In “Symbology” of the layer, 
“Graduated Symbols” were applied for the field 
“Water exported to Germany per country area”. 20 
classes were chosen, and the values were introduced 
manually to match the categories in the WaterImport 
layer. Nevertheless, the highest and the smallest values 
were not changed, so all of the results are shown at the 
map. Introducing the same values for WaterImport and 
WaterExport ensured that the same sizes of the 
symbols in both of the layers represent the same 
values, which allowed a better comparison. (3) For the 
most effective spatial representation, the color of 
symbols was chosen to create a contrast with the 
WaterImport layer, while the size was kept the same. 
When all of the following layers were created, the 
layout with the legend was produced and exported as 
a .pdf file. The same procedure of creating and 
adjusting layers was repeated for each of the maps 
using Excel files the corresponding to the map. Three 
maps were created each representing respectively: the 
overall amount of virtual water exported from and 
imported to Germany from the selected countries in 
food products; the amount of virtual water exported 
from and imported to Germany from the selected 
countries in crop products; and the amount of virtual 
water exported from and imported to Germany from 
the selected countries in animal products. The maps 
allowed for effective spatial analysis and derivation of 
the results, which will be further discussed in the 
following. The produced maps can be found in the 
appendix. 
 
RESULTS 
 
The results for the three different approaches to 
answering the project’s thesis – animal production, 
crop production and the overall trade – shall be 

discussed separately in the followings by identifying 
and analyzing the countries suffering from negative 
impacts from trade with Germany. 'Negative impacts' 
shall be defined as Germany importing more water in 
the form of agricultural products from an individual 
country than it exports back into the country. This 
trade behaviour may substantially contribute to water 
stress in the individual country. Thus, the magnitude 
of the discrepancy between virtual water import and 
export with Germany shall be evaluated. This 
assessment can serve as grounds to suggest whether or 
not trade between Germany and a certain country 
should be discouraged or altered towards either 
importing less water in the form of food items from an 
individual country to Germany or exporting more 
virtual water from Germany to the country in question. 
 
Animal products 
The outcome concerning animal production trade 
raises concern about trade between Germany and 
various countries that suffer from low to high water 
stress: USA, Argentina, Ireland (low water stress), 
Turkey, Peru, Chile, Sri Lanka (low to medium water 
stress), Mexico, India, and Australia (medium water 
stress), and Kazakhstan (high water stress) [For 
detailed results, see Appendix 1]. The water security 
of 36.3% of the countries taken into account might be 
adversely impacted by trading animal products with 
Germany. 

For countries with a low water stress level, 
trade in the form of animal products is not of a high 
concern, since, in addition to the low water stress, 
there is no significant discrepancy between exported 
and imported virtual water. Nonetheless, trends of 
water stress and difference between incoming and 
outgoing virtual water must be monitored to pre-empt 
potential negative effects. Virtual water trade between 
Germany and Turkey, Peru, Sri Lanka, and Chile, on 
the other hand, must be monitored closely, as these 
countries are experiencing a low to medium water 
stress. Furthermore, special attention has to be paid to 
Turkey and Sri Lanka, as, in addition to water 
insecurity, the dominance of outgoing virtual water 
over incoming for these two countries is alarmingly 
significant. Medium water stressed countries, 
Australia and Mexico, do not exhibit a significant 
difference between imported and exported water in the 
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form of animal products from and to Germany. Hence, 
it is difficult to make suggestions on future trade 
relationship between Germany and these two 
countries. India, on the other hand, while also being 
confronted with medium water stress, has a much 
higher export of water in form of animal products to 
Germany than it receives in return. This may 
negatively affect the country's water situation. 
Consequently, virtual water trade between Germany 
and India in regards to animal products is discouraged. 
The same conclusion was reached for Kazakhstan: 
Since this country suffers from high water stress, even 
a slight dominance of outgoing over incoming virtual 
water could have significant negative impacts on the 
country's water security. Therefore, the import of 
animal production from Kazakhstan should be 
reduced. 
 
Crop Products 
The second analysis concerns the trade of crops and 
other cereals. The results show that 13 of 30 countries 
were found to be negatively affected by trading crops 
with Germany: Argentina, China, the United 
Kingdom, Estonia (low water stress), the Dominican 
Republic, Indonesia, Sri Lanka, Peru, Chile, the 
Philippines (low to medium water stress), Mexico, 
India (medium water stress), and Kazakhstan and 
Pakistan (high water stress) [For detailed results, see 
Appendix 2]. This accounts for 43.3% of all countries 
taken into consideration. 

It is also important to mention that for many 
countries the imbalance between outgoing and 
incoming water in the form of crops is rather 
significant. Hence, even nations suffering from low 
water stress, such as Argentina, should be monitored 
closely. Countries experiencing a low to medium 
water stress – such as the Dominican Republic, Sri 
Lanka, Indonesia and Peru – are, therefore, especially 
concerned with this issue. If not handled carefully, 
Germany may significantly endanger these countries' 
water security, and hasten their transition to medium 
water stress. Thus, the trade with the four above 
mentioned nations should be closely monitored. 
Among countries with medium water stress level, 
India bears the heaviest consequences. This aligns 
with results from the trade of animal production, which 
together may pose a significant threat to the water 

security in this country. A similar tendency can also be 
observed for Sri Lanka, and Mexico. Lastly, Pakistan 
and Kazakhstan are of high concern, due to the high 
water stress level prevailing in these nations. 
Kazakhstan is particularly threatened since there is a 
significant dominance of outgoing over incoming 
virtual water for both animal and crop production. 
Therefore, the import of water-intense animal and crop 
products from Kazakhstan is highly discouraged. 
 
Overall Water Trade 
When taking into account the overall virtual water 
trade, 9 countries are negatively affected by trade with 
Germany: Argentina (low water stress), the 
Dominican Republic, Peru, Chile, Sri Lanka, 
Indonesia (low to medium water stress), and Mexico, 
India, Australia (medium water stress) [For detailed 
results, see Appendix 3]. This accounts for 30% of all 
countries selected in the study. 

One of the major findings of the project is 
that nations with high or extremely high water stress 
levels have not been found to experience negative 
influences from virtual water trade with Germany. 
This implies that German trade behavior is not to be 
condemned. Countries experiencing low and medium 
water stress, on the other hand, were found to export 
more water to Germany than is returned. While these 
nations are not yet experiencing high levels of water 
stress, if significantly higher amounts of water leave 
the countries in form of the products than is regained, 
over time, water security may be jeopardized. Thus, 
the countries' advancement from a low to medium 
water stress level may be accelerated. This threat is 
particularly imminent to the Dominican Republic, 
Peru, Sri Lanka and Indonesia. For these countries, the 
imbalance between incoming and outgoing water in 
terms of products is particularly significant. Hence, 
trade between Germany and these nations should be 
closely monitored and possibly adapted. As for the 
group of countries suffering from medium water 
stress, India is especially endangered since it exports 
more water in the form of products to Germany than is 
imported into the country. Thus – due to this export-
import-imbalance of water and its medium water stress 
level – continuation of the current virtual water trade 
behavior between India and Germany is highly 
discouraged. 
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Nevertheless, it is very surprising that 
Germany's biggest trading partners (for example 
Spain, Italy, Belgium, China, the US) do not 
experience negative effects, regardless of the 
individual country's water stress level. Furthermore, it 
should also be noted that no European country selected 
for the project is adversely affected by virtual water 
trade with Germany. 
 
LIMITATIONS 
 
The main limitation encountered during the project 
were unspecific (e.g. “Baked goods”) or broad 
(“Coffee, tea, and spices”) categories of commodities 
provided by the Statistisches Bundesamt. To address 
this problem, in the first case, the water content was 
estimated based on theoretical components of the 
category, while in the second, the average for different 
products was estimated. 

Another limitation was the lack of specific 
data for a particular country on the virtual water 
content of some categories of products (e.g. fish, 
coffee, tea, spices). Consequently, the global average 
was used. Nevertheless, the virtual water content of 
products tends to be higher in countries experiencing 
water stress – which were the subject of our research – 
due to the need for irrigation because of droughts and 
increase in evaporation. Therefore, applying the global 
average might have resulted in a lower value for the 
volume of virtual water imported from the countries. 
Since the goal of our project is to determine for which 
of the countries more virtual water is imported to 
Germany than exported, a lower value of imported 
water may affect the final results. However, since 
country-specific data on the virtual water content were 
available for most of the categories of the food 
products, the overall results of the project can be 
considered representative and reliable. 
 
CONCLUSION & DISCUSSION 
 
With the global water crisis gaining momentum, 
actions need to be taken on an international scale. 
Since the introduction of the concept of virtual water 
trade, water embodied in products have begun to be 
considered a valuable water source. Thus, countries 
with rich aquatic supply, for instance Germany, are 

expected to import a higher number of water-intensive 
products to water-scarce nations. Our project was, 
therefore, aimed at discovering for which countries 
Germany does not meet these aspirations. Hence, we 
collected data on the amounts of virtual water 
embodied in agricultural products that were imported 
and exported from Germany to countries experiencing 
water stress. Then, the data was divided into three 
categories: animal products, crop products, and overall 
food products. Using the ArcGIS Pro software, maps 
were created to facilitate spatial analysis, as water 
trade imbalances and levels of water stress could be 
considered simultaneously, and a conclusion could be 
drawn immediately. 

As far as the results of the project are 
concerned, it was found that more virtual water is 
imported than exported by Germany from the 
following countries: Argentina, Peru, Chile and Sri 
Lanka, Mexico, India, Australia, and Dominican 
Republic. Since the current trade behaviour can 
jeopardize their water security, further import of 
water-intensive goods from these eight countries 
should, thus, be discouraged. While some of the 
countries – such as Argentina – were classified as 
‘low’ or ‘low to medium’ stress, it should be 
highlighted that all of the states selected for the project 
experience challenges in their water sector and the 
countries were ranked relatively to other selected 
states. Therefore, the prevalence of the water import 
observed in any of the states (even if it was classified 
as low water stress) should not be neglected. 
Moreover, it is advisable that more virtual water is 
exported to these nations from Germany, for example 
in agricultural products. Furthermore, special attention 
needs to be paid to Kazakhstan: Although this country 
exhibits an extremely high water shortage, its water 
stress level is, surprisingly, not negatively affected by 
trading agricultural goods with Germany. This, 
however, may be subject to change in the future. Thus, 
it is highly advisable to monitor the development of 
water stress induced by the trade of agricultural goods 
in Kazakhstan. Furthermore, virtual water import 
should be limited in order to pre-empt a worsening of 
the country's water stress level. 

Moreover, by incorporating the concept of 
virtual water into German trade policies, and by 
reconsidering the current trade relationships with 



 

Margaryta Pustova & Valentina Szalay  

 

38  
  

trading partners, Germany could contribute to the 
mitigation of water-stress in countries with scarce 
water resources. It should also be highlighted that 
suggestions concerning alternations in the trading 
patterns proposed above are mainly focused on 
eliminating adverse impacts that trading goods with 
Germany exert on the water sector of the countries in 
question by balancing water import and export. 
However, Germany should take an active role in 
improving the water stress situation in the countries 
experiencing a high level of water stress by having the 
amount of virtual water exported to these countries 
considerably exceed the amount that is imported to 
Germany. The acknowledgment of the responsibility 
to address water stress of trading partners should also 

be integrated into the trade policy. Moreover, as global 
climate change is gaining momentum, and is, thus, 
jeopardizing water security in many countries around 
the world, it is highly advisable to adopt short-term 
planning strategies in the trading sector: Water stress 
levels of trading partners should be closely monitored 
and trade policies should be frequently reconsidered to 
account for possible changes. 

Taking into account the results of this study 
and the growing water crisis, further research should 
be conducted on worldwide virtual water trade 
patterns. Furthermore, the outcomes of such studies 
should be considered when deciding on foreign trade 
policies and choosing trading partners.
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APPENDIX 1 
Water import and export from Germany in agricultural products (global view) 

 

 

Water import and export from Germany in agricultural products (Europe) 
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APPENDIX 2 

Water import and export from Germany in crop products (global view)  

 

 

Water import and export from Germany in crop products (Europe)  
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APPENDIX 3 

Water import and export from Germany in animal products (global view)  

 

Water import and export from Germany in animal products (Europe) 
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