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Preface

This report was written as a follow up to my Master thesis ‘EU virtual land flows. An assessment of EU agricultural land use through international trade.’(van der Sleen, 2008).

It was credited 10ECT points by the University of Groningen and was written in collaboration with the European Environment Agency. The EEA had expressed an interest in the results of the Master thesis. 

In this report the methodology of the Master thesis was used on a more comprehensive data set and a new model was build which makes it possible to extend the data set used and analyse the data in different ways. The model can be used as a tool to identify many different country, region, product and year specific virtual land flows.

A digital appendix is provided with this report which contains the model and ‘read only’ extractions of the model results in the form of cube files. These cube files allow the analysis of data through pivot tables. In this report a limited number of ways to analyse the data is presented but many more options are possible.

The calculation of virtual land flows is the first step to calculate the sustainability of EU land use outside of its territory. By adding a sustainability analysis to the land use practices in the different countries the EU is importing virtual land from an alternative to the Ecological Footprint methodology can be developed. Actually calculation where the land is used and including differences in sustainability of land use in different countries gives a more accurate picture of a country (or regions) footprint as it avoids the use of global averages. The tool presented in this report lays the ground work for such a revised footprint methodology.
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Abstract
The model presented in this report can be used to calculate the virtual land use of the EU-27. Virtual land use is the land used outside of the own territory through the import of products. A selection of results is presented to give an indication of the calculations the model makes possible. Because the model calculates virtual land use year, country and product specific analysis is possible on a detailed level and over a period of 10 years.
The calculation of virtual land use, as it done in this model can be used as a basis for a revised ecological footprint methodology using real hectares instead of global hectares.

A limited dataset consisting only of raw crop products was used and it is recommended to add more products to make the model more comprehensive.

Adding a sustainability analysis and adjusting for the distance the product is transported are the next steps towards an assessment of the impact that consumption of products by the EU-27. 

This report also includes a manual to use and add to the model (appendix B.)
1. Introduction

1.1 Problem
More people with more demanding needs have made sustainable use of resources a must. Fertile agricultural land is such a resource. Aside from sacrificing ancient forest and costly irrigation there is a fairly constant amount of land that can be used for agricultural purposes. To keep this land in good condition and continue to produce foodstuffs for an increasingly demanding world population sustainable land use is the only way to go. 

The European Union is doing fairly well. There are strict rules for our agricultural practices and nature and wood land is not being converted into new agricultural land. A study by the European Environment Agency (EEA) mapped out EU land use since 1990 using satellite imagery (EEA, 2006). This research shows that the amount of agricultural land has even decreased a little between 1990 and 2000. Does this mean we are using our agricultural land sustainably? On EU territory one can argue that this is the case. The quality of our agricultural land is not degrading and the capacity to produce our agricultural products is stable. However, a part of our needs are not met by our own agricultural production. 
Products imported to meet our demands are produced on agricultural land outside of the EU. Land used outside of the EU to meet EU demands is called virtual land use (Würtenberger, Köllner, & Binder, 2006). Virtual land use makes the EU indirectly responsible for potentially very large agricultural land areas all over the world. It is not possible to say that EU’s agricultural land use is sustainable if virtual land use is not included in the considerations. 

So far little is known about the sustainability or even the extent of EU virtual land use. It is difficult to measure the sustainability of land use and we do not know where and how much land we are using.
Agricultural sustainability indicators are defined for the EU in the IRENA operation (Indicator Reporting on the Integration of Environmental Concerns into Agriculture Policy). However, these indicators require detailed data on the agricultural practices (water use, energy use, pesticide use, amount of organic farming, environmental protection etc.). Even gathering this data for the EU poses difficulties and is not feasible for other world regions. 

In this research the focus is on the second part of the question: Where and how much land is the EU using outside of its territory.

1.2 Previous research

A previous attempt to answer this question was made in the master thesis ‘EU virtual land flows (van der Sleen, 2008). Although its outcome was useful it has some significant shortcomings. 

In this master thesis 27 crops were included. Using trade data it was shown to which world regions the EU imports and exports these crops. With yields per hectare the amounts of crop were expressed as hectares used. This was done for the years 1990 and 2005. 

As a result of this methodology it was not possible to say anything about a trend in EU virtual land use. Two data points are not sufficient for that as they do not give an incline about fluctuations between years. 
A second gap in the research is that calculations were made for world regions. To be able to connect a sustainability analysis to the results this segmentation is to rough. Within one world region very diverse agricultural practices can be found with very different sustainability features. 

The third gap is the amount of crops analyzed. Although the 27 crops are the major crop products produced and traded it would be preferable to have a more comprehensive analysis of traded crops.

1.3 Research objective and hypothesis

In this research EU land use outside of its territory is assessed for 144 crops, for every year between 1995 and 2005 and on a country- instead of a world region level.

This approach gives a more comprehensive analysis and takes into account trends and fluctuations in land use. Furthermore the model used to calculate the land flows will be structured in a way that easy analysis of individual crops, years and countries of origin will be possible.

It can be expected that this research will show trends in EU land use. It is likely that EU imports will stabilize as demand stabilizes through a steady population that is already wealthy and does not significantly increase or change its demands over the last years. EU land use in hectare could even decline as a result of increasing yields in the exporting countries.

There are products which can be estimated to be responsible for a large portion of EU imports and land use (such as wheat). Where these products are imported from and fluctuations between years could be linked to the price of these products on the world market. 

2. Methods and study area

2.1 Data gathering

To calculate EU virtual land use the following data is used:

1. Import data to the EU (year, reporter country, partner country and product specific)

2. Export data from the EU (year, reporter country, partner country and product specific)

3. Yield per hectare (year, country and product specific)

4. Production in mass units (year, EU country and product specific)

The reporter countries are the EU countries that report the trade. In 1995 the EU-27 did not exist in its current formation. The territory that today forms the EU-27 was used also in the years where officially the EU was still smaller.

The partner countries are all world countries where a product is imported from or exported to by an EU country.

The products can be found in appendix A. Data on the years 1995-2005 was used for this research.

Yield per hectare is the production in mass units per hectare for a specific crop, year and country.

Production in mass units is the amount of specific crop that is produced in a specific year and country. Data on production in mass units is only required for EU countries. 
2.1.1 Databases
Two databases where used to gather the data for the model. Production data (yields per hectare and amounts of crop product produced) were used from the FAOSTAT- agriculture database (database on trade and production of agricultural products of the Food and Agriculture Organization of the United Nations). This database also provides trade data which were used in the previous research mentioned (van der Sleen, 2008). In this research trade data were used from the EUROSTAT database on external trade (EU27 Trade Since 1995 By HS6) instead of the FAOSTAT database. This was done for two reasons. The trade data provided by EUROSTAT are more complete, and even more importantly in this case, the retrieval of the data from EUROSTAT as far less problematic. FAOSTAT only allows a small downloads free of charge. The amount of trade data needed for the model build in this research is very substantial and required bulk downloads which are free of charge from the EUROSTAT database. 
2.2 Product selection

The imports and exports agricultural crop products are considered in the calculation of EU land virtual land use. The products included make up the agricultural crop product set classified by the FAOSTAT database. The FAOSTAT database classifies these crop products by name and the EUROSTAT database uses the HS code. Appendix A. shows which products are linked to which codes. Only unprocessed (raw) crop products are included in the analysis. 

Yields per hectare and data on the amounts of crop produced in a country which are downloaded from the FAOSTAT database are available for only these crop products. 

2.3 Calculations

Using trade data EU virtual land use is calculated. A step by step description of the calculations is given as well as assumptions made. The calculations are executed in an Access database which makes adding to the model at a later date possible.

Step1. 

Data on imports and exports of EU countries is retrieved from the EUROSTAT database. Data on yields per hectare is retrieved from the FAOSTAT database.

These raw data are converted into access tables and edited in a way that reporter countries (EU countries), partner countries (trade partners of EU countries), years and products all are compatible between the tables. 

Step 2. 

Gross imports are calculated by dividing the EU imports by the yields per hectare. 

Here the first assumption needs to be made. 

Assumption 1: The product is produced in the country where it is imported from.

The model does not take into account imports from countries where a product is not produced. In the calculation below this would lead to a division by zero. As a result imports of for example coffee from Germany (Germany does not produce coffee and thus does not have data on yield per hectare for coffee) can be calculated in mass units but not in hectares.
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Step 3.

Data on production of crops in EU countries is retrieved from the FAOSTAT database and added to the access database, again in a way that the reporter countries, years and products are compatible with the other tables.

Step 4. 

EU exports are calculated by multiplying exports by the percentage of total available product (TAP) that is produced in the EU country. TAP is calculated by adding production to imported amounts. Dividing the EU exports in mass units by the yields per hectare of the EU countries gives the EU exports in hectares.
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Step 5. 

Consumed imports are calculated by multiplying imports by the percentage of total available product that is consumed in the EU. Consumption is calculated by adding imports to production and subtracting exports. Dividing the consumed imports in mass units by the combined yield per hectare of the countries the EU imported the product from gives the consumed imports in hectare. The combined yields per hectare are calculated by multiplying the yield per hectare of the partner countries by the percentage of the total import that originated in that country.
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Step 6. 

Net imports are calculated by subtracting EU exports in ha from Consumed imports in ha.


[image: image5.emf]I

nett

=I

cons

−E

EU


A detailed explanation of the build up of the Access database made with these calculations and data is given in appendix B. With this manual in appendix B. it is also possible to add to the database. 

2.4 General system


Figure 1
 shows the general system of imports and exports that was used as a basis for the calculations described above.
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Figure 1. System of imports and exports
The model makes it possible to view land used by Europe for each of the 144 crops individually or as aggregates of choice. It is also possible the view the land used by Europe in one or more specific countries, world regions or any combination of countries and products.

There is a limitation. The model is not accurate in calculating land used by individual EU countries. This is caused by the assumption that products are produced in the partner country they are imported from. The EU knows extensive intra EU trade. Austria for example imports most of its coffee from Germany. Whereas Germany does not produce coffee. The model does not take this kind of imports into account and will not calculate an amount of land used for Austria’s coffee imports. However, it is possible to calculate the imports for individual EU countries in mass units without this limitation being a problem.
3. Results

The results of this research are twofold. One is a model and tool that can be used to calculate land use in hectares that results from the import and export of products. This model is made in such a way that adding products or data for other years into the model can be done without problems. In itself this is very useful for further research. Adding processed products is also possible by calculating a conversion factor and inserting this conversion factor into the model instead of the yield per hectare. This has not been done in this research as the timeframe was limited.

The second result is a set of olap cube files of the calculated land uses. These cube files allow quick combining and analysis of the data. They are essentially a read only version of the result tables of the access model. Using the olap cubes the calculated land uses (gross import, EU export, Consumed import, Re export and Net virtual land use) can be combined in many ways. A short overview of some of the options is displayed below. 

Figure 2 shows the net land use of the EU over the years. Net land use in 2005 was 14,1*10^6 hectares.

A trend was expected where the net land use stabilizes. Instead a wave motion can be seen.
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Figure 2. Net import of  virtual agricultural land through the import of agricultural products by the EU-27 in millions of hectares.
The third figure shows the same net land use data, but split up over the 10 major partner countries. 
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Figure 3.  Net import of  virtual agricultural land through the import of agricultural products by the EU-27 in millions of hectares for the ten major trade partners.
The fourth figure shows the net land use, split up over the major import products.

[image: image9.emf]Net virtual land import EU-27

-5

0

5

10

15

20

25

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005

Miljoenen

Wheat

Sunflower seed

Soybeans

Natural rubber

Coffee, green

Cocoa beans

Barley

Partner (Meerdere items)

Som van Netimportsha

Year

Products


Figure 4. Net import of  virtual agricultural land through the import of agricultural products by the EU-27 in millions of hectares for the seven major trade products.
Similar graphs can be made for gross imports, EU exports, consumed imports and EU re exports!
In previous research the net imports in ha were calculated for world regions. South America was found to have the largest EU virtual land use. With the new model this land use can be analyzed to see which countries and products account for the EU virtual land use in this region. Figure 5 and Figure 6 show the land use in South America per country and product. 
Virtual land use in South America has increased; mainly soybean imports and imports from Brazil have been responsible for this increase.
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Figure 5. Net import of  virtual agricultural land through the import of agricultural products by the EU-27 in millions of hectares for the South American countries.
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Figure 6. Net import of  virtual agricultural land through the import of agricultural products by the EU-27 in millions of hectares for the major products imported from the South American countries.
To get an idea of the amount of land imported compared to the land used for production on EU territory the consumed imports can be compared to the consumed production. The consumed production is the area used to produce the crop products in the EU minus EU exports. 
Figuur 7 Land use comparison on and outside of EU territory. Consumed Production in hectares divided by Consumed Import in hectares shows how many hectares are used on EU territory for every hectare used outside of EU territory. 


 shows the comparison over the period 1995-2005.
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Figuur 7 Land use comparison on and outside of EU territory. Consumed Production in hectares divided by Consumed Import in hectares shows how many hectares are used on EU territory for every hectare used outside of EU territory. 

This figure shows how many hectares were used on EU territory for every hectare that was used outside EU territory. For example, in 2004 3 hectares on EU territory were used for every hectare outside of EU territory. In other words, ¾ of agricultural land use for the production of the included 144 products was on EU territory. As more products (processed products and meat products) will be added to the model these number will go down. Now the calculation is only based on imported raw products. Including more products will increase the amount of consumed imports in hectares but the amount of land used on EU territory will not greatly increase as it already includes land used for the production of processed products and meat.
4. Discussion

4.1 Purpose
The purpose of this study was to quantify and visualize EU agricultural land use trends outside of its territory and to provide a tool to continue improving this quantification. 

Using multiple data points (years) makes it possible to look for trends. It would have been preferred to use even more data points (eleven are used) but trade data from the Euro stat database was only available starting in 1995. Production and Yield data from the FAO database was only available until 2005. This has changed since the start of this research. Production data is now also available for the years 2006 and 2007. These years can be included in further quantification of EU land use.

As a tool to continue the quantification the access databases build can be of value. They are relatively easy to understand and with the manual provided in the appendix additional trade data and data on production and yields can be added from the FAO and Euro stat databases. 

4.2 Methodology
The methodology used was developed in a previous study (master thesis) and has been modified to accommodate calculations on a country level. Quantifying land used by a population is commonly done using the Ecological Footprint methodology. EF has been continuously developed over the last decade and has become a well thought through method. However it has limitations that made it unfit to use in the assessment of EU virtual land use. The EF calculates hectares used by a population in a way that results in “world hectares’. These world hectares are calculated using world averages for different factors like yield. They do not state where the land is used or how sustainably it is used. Because the ultimate goal of research on EU virtual land use is to know where, how much and how sustainably land is used by the EU outside its territory the EF methodology does not fit the goals of this study. 

With the methodology for virtual land use however, actual land use is calculated which can be used to supplement EU land and ecosystem accounting and give an indication on where to start an assessment of sustainability.

4.2.1 Comparison with master thesis

Error! Reference source not found. compares the results of the current model with the master thesis ‘EU virtual land flows’. Both have calculated the gross and net import in 2005. In the master thesis land use was only calculated for 1990 and 2005. Two data points are not sufficient to make conclusions about a trend. In the current model the land use was calculated for every year from 1995-2005. 27 products were analyzed in the Master thesis, 114 in the current model. 

Tabel 1. Comparision of the results of the new access model with the results of the excell model used in the master thesis.
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The 27 products are responsible for a very large part of the imports (more then 80%). Comparing the results for these 27 products shows that the gross import in kg calculated using the FAO and Euro stat databases agree with each other. The gross import in hectare show a difference. The hectare calculated from the slightly higher gross import in kg with the current model are fewer then the hectare calculated from the higher gross import in kg calculated in the master thesis. 

This can be explained by the calculation unit. In the master thesis yields per hectare were calculated as world region averages. Which means that the yield per hectare for a world region was composed of the different yields per hectare of all the countries in the region weighted according to their production of the crop. In the current model the calculation is done more precisely, the calculation unit being the country and not an aggregate of countries. 

Countries that export are often those with a comparative advantage at growing a product. Which results in countries with high yields per hectare being the main exporters within a world region. Aggregating the yields per hectare results in a gross import in hectare as if every country would contribute to the export from that world region. In reality it is often only the countries with high yields per hectare that are exporting. The gross import in kg is divided by a yield per hectare that is too low if the aggregate is used thus resulting in a higher gross import per hectare in the master thesis. 
4.3 Implications
The implications of this study are a higher awareness of the large amount of land the EU is using outside of its territory which emphasizes the need to work on sustainable land use not only within our borders. The EU can not be proud of its own sustainable agricultural land use when it is importing large amounts of agricultural products without looking at their impact..

4.3.1 Uncertainty and limitations
To truly see a trend in EU virtual land use, it has to be larger then the fluctuations between data points. It would have been preferable to look at a trend over a larger period. This is not possible because of data limitations. Another point of uncertainty is the limitation to raw agricultural products. Adding processed and meat products can significantly increase EU virtual land use and should be added in further research. For example, the EU imports 1,5*10^7 tonnes of meat (FAO statistical database). One kilogram of beef requires around 30m2 of land (Elferink & Nonhebel, 2007). This would mean that, assuming that all imported meat is beef, the EU virtual land use for the import of meat is 45 million hectares (1,5*10^10kg*30m2/10 000). In this study the gross import in hectares from raw agricultural crop products is calculated to be 20,4 million hectares (Tabel 1). The addition of meat could easily double EU virtual land use.
The lack of processed products and meat products in the current dataset of the model guarantees that actual virtual land use of the EU is much higher then it has been calculated in this study. In future research more and more processed and meat products have to be included in the model. These can be added to the model by filling in a conversion factor instead of a yield per hectare. This conversion factor has to be calculated and should be product, year and country specific.

The assumption that products are produced in the country where they are imported from has limitations for intra European trade assessment (chapter 2.5).

4.3.2 Sensitivity of the current model

Figure 2 shows the net import per hectare. The data points show a kind of wave motion with its low point between 1999 and 2000 and its peak in 2002. 

The wave motion examined

To investigate where this ‘wave’ comes from we look at the consumed imports (Figure 8) and EU exports (Figure 9) (net virtual land use= consumed imports-EU exports). 
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Figure 8. Consumed virtual land imports of the EU-27 in millions of hectares. The consumed virtual land import is the part of virtual land imports that is consumed by the population of the EU-27.
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Figure 9. EU virtual land export in hectares to countries outside of the EU territory.
The ‘wave’ can also be seen in the consumed imports. It is increased by the subtraction of the EU exports that show an opposite ‘wave’. This still doesn’t answer the question why there is a low point in consumed imports and a pear in EU export in 1999-2000 and a peak in consumed imports in 2002. 

A limited amount of products are responsible for a very large portion of the net virtual land flows. The four main products responsible for consumed imports are shown in Figure 10. Cocoa beans, coffee and soybean imports are relatively stable. Wheat imports however increase significantly in 2001 and 2002 causing the peak in the ‘wave’. 

Figure 11 shows the 2 main products responsible for EU exports. Barley and Wheat exports increase in 1999 and 2000 causing the low point in the ‘wave’. 
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Figure 10. Consumed virtual land imports of the EU-27 in millions of hectares for the four main import products; wheat, soybeans, coffe and cocoa beans. 
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Figure 11. EU virtual land exports to countries outside of EU territory of the two main export products; wheat and barley.
This shows that the results obtained by the current model are highly influenced by a limited amount of products that are responsible for the major part of the virtual land use. The model is sensitive to fluctuations in these products. This should be taken into account when analyzing virtual land use trends. 

Cause of the wave motion
The peak in wheat imports in 2002 can be led back to very favorable weather conditions and as a result a very good wheat harvest in Russia and the Ukraine in 2002. Wheat prices from those two countries where low and imports were up. 

5. Conclusion

The model to quantify EU virtual land use made in this report allows the analysis of trade data on a product and country level. Trends can be visualized over a period of ten years. In this report some examples of ways to look at virtual land use are presented but these represent only a few of the possibilities. 
The examples of analysis in this report show that:

1. EU imports of raw agricultural products result in virtual land use of 14,1*10^6 hectares outside of EU territory.

2. For every 3 hectares of agricultural land use in the EU one hectare is used outside of the EU only for the production of the raw imported agricultural products. This amount will increase when processed products are added to the analysis.
3. A limited amount of products is responsible for a large amount of EU virtual land use (more then 60%). Wheat, Coffee, Soybeans and Cocoa beans are the imports with the highest virtual land use.

4. Countries where the EU uses the largest areas of land for its agricultural imports are Brazil and the United States.

5. EU virtual land use in South America has increased mainly due to an increase in soybean imports.

6. There are large fluctuations in virtual land use between the years (wave motion) which can be attributed to availability of cheap crop products. 
Many more analysis can be undertaken focusing on specific countries, regions or products. 
5.1 Future research

The results obtained with this model can act as a base for sustainability assessment of EU imports. As it is very complicated to assess the sustainability of land use it is useful to know where to begin. With this model we can calculate where and how much land is used by which product imports. The next step is to analyze the sustainability of this land use to assess the impact the EU has outside of its territory.

As a tool the database model can be easily used and data can be added to the model to make it more comprehensive. 

Adding processed and meat products, which are not included in this research, is highly recommended as they are a large part of EU imports and exports. 

Another possible extension of the model would be to include food miles. Entering the distance between the countries the EU is importing from and the EU would calculate the distance different imports have to be transported and, if coupled to a CO2 impact coefficient, could be a valuable step in assessing sustainability of the imports.
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APPENDIX A. Crop product classification of the FAOSTAT database. This list was used to link trade data from the Eurostat database to production data from the FAOstat database. (http://faostat.fao.org/site/384/default.aspx)

	Group Name
	Item FAO Code
	Item HS+ Code
	Item Name 

	Crops
	800
	5304_c
	Agave Fibres Nes

	Crops
	221
	0802.11_a
	Almonds, with shell

	Crops
	711
	0909
	Anise, badian, fennel, corian.

	Crops
	515
	0808.10_a
	Apples

	Crops
	526
	0809.10_a
	Apricots

	Crops
	226
	0802.90ab
	Arecanuts

	Crops
	366
	0709.10
	Artichokes

	Crops
	367
	0709.20
	Asparagus

	Crops
	572
	0804.40
	Avocados

	Crops
	203
	0713.90ad
	Bambara beans

	Crops
	486
	0803.00aa
	Bananas

	Crops
	44
	1003.00_a
	Barley

	Crops
	176
	0713.3_a
	Beans, dry

	Crops
	414
	0708.20_a
	Beans, green

	Crops
	558
	0810.40_b
	Berries Nes

	Crops
	552
	0810.40_c
	Blueberries

	Crops
	216
	0801.21
	Brazil nuts, with shell

	Crops
	181
	0713.50
	Broad beans, horse beans, dry

	Crops
	89
	1008.90aa
	Buckwheat

	Crops
	358
	0704.90_a
	Cabbages and other brassicas

	Crops
	101
	1008.90ab
	Canary seed

	Crops
	461
	1212.10
	Carobs

	Crops
	426
	0706.10
	Carrots and turnips

	Crops
	217
	0801.31_a
	Cashew nuts, with shell

	Crops
	591
	0810.90ad
	Cashewapple

	Crops
	125
	0714.10_a
	Cassava

	Crops
	265
	1207.30_a
	Castor oil seed

	Crops
	393
	0704.10
	Cauliflowers and broccoli

	Crops
	108
	1008.90_b
	Cereals, nes

	Crops
	531
	0809.20_a
	Cherries

	Crops
	220
	0802.40
	Chestnuts

	Crops
	191
	0713.20
	Chick peas

	Crops
	459
	0709.90cd
	Chicory roots

	Crops
	689
	0904.20
	Chillies and peppers, dry

	Crops
	401
	0709.60
	Chillies and peppers, green

	Crops
	693
	0906.10
	Cinnamon (canella)

	Crops
	512
	0805.90_a
	Citrus fruit, nes

	Crops
	698
	0907.00
	Cloves

	Crops
	661
	1801.00_a
	Cocoa beans

	Crops
	249
	0801.19_a
	Coconuts

	Crops
	656
	0901.1_a
	Coffee, green

	Crops
	813
	5305.1_a
	Coir

	Crops
	195
	0713.3_b
	Cow peas, dry

	Crops
	554
	0810.40_d
	Cranberries

	Crops
	397
	0707.00
	Cucumbers and gherkins

	Crops
	550
	0810.30_a
	Currants

	Crops
	577
	0804.10
	Dates

	Crops
	399
	0709.30
	Eggplants (aubergines)

	Crops
	821
	5305.90_c
	Fibre Crops Nes

	Crops
	569
	0804.20_a
	Figs

	Crops
	773
	5301.2
	Flax fibre and tow

	Crops
	94
	1008.90ad
	Fonio

	Crops
	619
	0810.90_d
	Fruit Fresh Nes

	Crops
	603
	0804.50_b
	Fruit, tropical fresh nes

	Crops
	406
	0703.20
	Garlic

	Crops
	720
	0910.10
	Ginger

	Crops
	549
	0810.30_b
	Gooseberries

	Crops
	507
	0805.40_a
	Grapefruit (inc. pomelos)

	Crops
	560
	0806.10_a
	Grapes

	Crops
	242
	1202.10_a
	Groundnuts, with shell

	Crops
	839
	4001.30
	Gums Natural

	Crops
	225
	0802.21_a
	Hazelnuts, with shell

	Crops
	777
	5302
	Hemp Tow Waste

	Crops
	336
	1207.9ag
	Hempseed

	Crops
	677
	1210.10
	Hops

	Crops
	780
	5303aa
	Jute

	Crops
	778
	5305.90_a
	Kapok Fibre

	Crops
	310
	1402_a
	Kapok Fruit

	Crops
	311
	1207.9ae
	Kapokseed in Shell

	Crops
	263
	1207.9ah
	Karite Nuts (Sheanuts)

	Crops
	592
	0810.50
	Kiwi fruit

	Crops
	224
	0802.90aa
	Kolanuts

	Crops
	420
	0708.90_a
	Leguminous vegetables, nes

	Crops
	497
	0805.50_a
	Lemons and limes

	Crops
	201
	0713.40
	Lentils

	Crops
	372
	0705
	Lettuce and chicory

	Crops
	333
	1204.00_a
	Linseed

	Crops
	210
	0713.90ab
	Lupins

	Crops
	56
	1005_a
	Maize

	Crops
	446
	0709.90ca
	Maize, green

	Crops
	571
	0804.50_a
	Mangoes, mangosteens, guavas

	Crops
	809
	5305.2_a
	Manila Fibre (Abaca)

	Crops
	671
	0903.00
	Maté

	Crops
	299
	1207.9ab
	Melonseed

	Crops
	79
	1008.20_a
	Millet

	Crops
	103
	1008.90af
	Mixed grain

	Crops
	449
	0709.5_a
	Mushrooms and truffles

	Crops
	292
	1207.50
	Mustard seed

	Crops
	836
	4001.10_a
	Natural rubber

	Crops
	702
	0908
	Nutmeg, mace and cardamoms

	Crops
	234
	0802.90ac
	Nuts, nes

	Crops
	75
	1004.00a
	Oats

	Crops
	254
	1207.10ab
	Oil palm fruit

	Crops
	339
	1207.9ak
	Oilseeds, Nes

	Crops
	430
	0709.90cb
	Okra

	Crops
	260
	0709.90aa
	Olives

	Crops
	402
	0703.10_a
	Onions (inc. shallots), green

	Crops
	403
	0703.10_b
	Onions, dry

	Crops
	490
	0805.10_a
	Oranges

	Crops
	782
	5303ab
	Other Bastfibres

	Crops
	568
	0807.19
	Other melons (inc.cantaloupes)

	Crops
	600
	0807.20
	Papayas

	Crops
	534
	0809.30
	Peaches and nectarines

	Crops
	521
	0808.20_a
	Pears

	Crops
	187
	0713.10
	Peas, dry

	Crops
	417
	0708.10
	Peas, green

	Crops
	687
	0904.11
	Pepper (Piper spp.)

	Crops
	748
	0709.90_d
	Peppermint

	Crops
	587
	0810.90aa
	Persimmons

	Crops
	197
	0713.90aa
	Pigeon peas

	Crops
	574
	0804.30_a
	Pineapples

	Crops
	223
	0802.50_a
	Pistachios

	Crops
	489
	0803.00_b
	Plantains

	Crops
	536
	0809.40_a
	Plums and sloes

	Crops
	68
	1904_c
	Popcorn

	Crops
	296
	1207.9aa
	Poppy seed

	Crops
	116
	0701_a
	Potatoes

	Crops
	211
	0713.90ae
	Pulses, nes

	Crops
	394
	0709.90_b
	Pumpkins, squash and gourds

	Crops
	754
	1211.90
	Pyrethrum,Dried

	Crops
	523
	0808.20_b
	Quinces

	Crops
	92
	1008.90ac
	Quinoa

	Crops
	788
	5305.90_b
	Ramie

	Crops
	270
	1205
	Rapeseed

	Crops
	547
	0810.20_a
	Raspberries

	Crops
	27
	1006.10_a
	Rice, paddy

	Crops
	149
	0714.90_bc
	Roots and Tubers, nes

	Crops
	71
	1002.00_a
	Rye

	Crops
	280
	1207.60
	Safflower seed

	Crops
	328
	1207.20_b
	Seed cotton

	Crops
	289
	1207.40_a
	Sesame seed

	Crops
	789
	5304_b
	Sisal

	Crops
	83
	1007.00_a
	Sorghum

	Crops
	530
	0809.20_b
	Sour cherries

	Crops
	236
	1201.00_a
	Soybeans

	Crops
	723
	0910.9aa
	Spices, nes

	Crops
	373
	0709.70
	Spinach

	Crops
	541
	0810.90ac
	Stone fruit, nes

	Crops
	544
	0810.10
	Strawberries

	Crops
	423
	0708.20_b
	String beans

	Crops
	157
	1212.91_a
	Sugar beet

	Crops
	156
	1212.99aa
	Sugar cane

	Crops
	161
	1212.99ab
	Sugar crops, nes

	Crops
	267
	1206.00_a
	Sunflower seed

	Crops
	122
	0714.20_a
	Sweet potatoes

	Crops
	305
	1207.9ad
	Tallowtree Seeds

	Crops
	495
	0805.20_a
	Tangerines, mandarins, clem.

	Crops
	136
	0714.90_bb
	Taro (cocoyam)

	Crops
	667
	0902
	Tea

	Crops
	826
	2401_a
	Tobacco, unmanufactured

	Crops
	388
	0702.00_a
	Tomatoes

	Crops
	97
	1008.90ae
	Triticale

	Crops
	275
	1207.9ai
	Tung Nuts

	Crops
	692
	0905.00
	Vanilla

	Crops
	463
	0706.10_a
	Vegetables fresh nes

	Crops
	205
	0713.90ac
	Vetches

	Crops
	222
	0802.31_a
	Walnuts, with shell

	Crops
	567
	0807.11
	Watermelons

	Crops
	15
	1001_a
	Wheat

	Crops
	137
	0714.90_a
	Yams

	Crops
	135
	0714.90_ba
	Yautia (cocoyam)


Appendix B. Manual to use the Access model.
This manual describes how to add trade data to the Access model of EU virtual land use. 

It also goes through all the calculations and step by step updating of the model after entering new data. 

To use the current model for analysis of the already added data please refer to the olap cub. Files. They provide the results of the model so far and allow easy analysis of the EU virtual land use of 144 unprocessed agricultural products.

Data required:

The data used for this model is trade data in mass units of 100kg available from the Eurostat database. For the calculations data on the EU production of the product and a conversion factor are needed. Data on the production of products was available from the FAO database. The conversion factor should allow the conversion from mass units to hectares. For raw agricultural products, the conversion factor is the yield per hectare of the product in the country where the product is produced.

To add product X to the model the following data is needed:

1. Imports to the EU countries and Exports from the EU countries (Eurostat)

2. Production of the product in EU countries (FAO stat)

3. Conversion factor of the product (amount of hectares needed to produce 100kg of product X in the country of origin)

Adding data to the access EU virtual land use model:

Step 1. Adding data from Eurostat and FAO stat (imports, exports, conversion factor, production)

The ‘import’ and ‘export’ tables are the import and export data tables where the data can be added directly in the downloaded Eurostat format. Make sure the added columns are in the right order. When downloading data in a CSV format from Eurostat this should automatically be the case. When other data sources are used, consider adding the data to the ‘worktable imports’ or ‘worktable exports’ which will be explained in step2.

The ‘Yield per hectare’ table is the table where the conversion factors can be added. In case of the yields per hectare data from FAO stat the columns should automatically be in the right order. If other conversion factors are used, consider adding them to the ‘worktable yield per hectare’ which will be explained in step 2.

The ‘Production’ table is the table where production data for the production of products in EU countries can be added. If this data is retrieved from the FAO stat the columns should be in the right order. If other data sources are used consider adding the data to the ‘worktable production’ which will be explained in step 2. 

Step 2. Creating worktables

The ‘import’,’ export’, ‘yield per hectare’ and ‘production’ tables are converted to worktables using queries 1, 2, 3 and 4. These queries combine the raw data tables with reference tables (countries, products, period) for country names, product names and periods so that the worktables use the same expressions and can be linked through the keys combining reporter country, partner country, product and period. (Reporter countries are the EU countries reporting the trade, partner countries are the countries traded with, products are the products according to the FAO labeling, not the HS code used by Eurostat and the periods are the years 1995-2005.) 

This leads to worktables with key columns that can be linked (joined) between different tables. This is necessary so that access will allow calculations between the tables. 

Data can be also added directly to the worktables. To do this make sure data for every column is available and that it matches the expressions used in the reference tables or is added to all four worktables under the same expression (for example when adding a new product).

Step 3. Calculating Gross imports in Hectares

The next step is to calculate the gross imports in hectares. For this only the worktable imports and worktable yields per hectare are needed. Query 5 links the two worktables through the key that combines partner, product and year. For example when the Netherlands imports wheat from Canada in 1995 the key column in the worktable imports will say: Canadawheat1995. The worktable yields per hectare will have a key column combining the land which produces the product, the product and the year which in this case would also be Canadawheat1995. The amount of imports in 100kg from the worktable imports is divided by the yield per hectare from the worktable yields per hectare, giving the import in hectares for every row of data.

Step 4. Preparations for the calculation of EU exports

The exports in the worktable exports are not all produced in the EU, some are re exports (exporting part of the imports). To calculate the exports produced in the EU (EU exports) it does not suffice to simply divide the worktable exports by the conversion factors. First it has to be known which part of the worktable exports is produced in the EU. 

The assumption is made that proportions in which products are imported and produced are the same proportions in which products are exported. In other words, if 50% of product X is produced in the EU and 50% of product X is imported, then EU exports are 50% of total exports. The imports plus the production of a product are called the total available product (TAP).

To calculate the TAP and the proportions of import and production, data from the worktable import has to be added to data from the worktable production. Next the proportion of production (production/TAP) is multiplied with the export data.

The key used for this will be the Reporter,product,year. The partner is not important in this calculation.

A union query (query 6) combines the Reporter,product, year keys of the import and export worktables. In queries 7 and 8 all rows with the same reporter,product,year are summed for both worktables. Query 9 links the production, imports and exports and replaces any empty fields with the value zero. After completing query 9 please check in the resulting table whether the columns with the zero replacement are recognized as numerical. If not, change them to numerical, otherwise TAP will not be correctly calculated in query 10.

The results of query 9 allow the calculation of TAP, consumption (import+pruction-export) and proportions of import, production and export done in query 10.

Step 5. Calculating EU exports

Query 11 calculates EU exports by multiplying ‘worktable exports’ by the portion of TAP that is produced in the EU country. This gives the EU exports in mass units. Dividing the EU exports in mass units by the conversion factor gives the EU exports in hectares.

Step 6. Calculating Re exports

To calculate the other part of the exports, the re exports first a conversion factor has to be calculated for the EU countries. This conversion factor is a combination of the conversion factors of the countries the products were imported from. For example if the Netherlands is importing wheat from the united states (60% of imports) and Canada (40% of imports) then the conversion factor to calculate the re exports of wheat from the Netherlands is a combination of the conversion factors for wheat for the united states and Canada (0,6*US conversion factor+ 0,4 Canada conversion factor). This calculation is made in queries 12 and 13.

With this combined conversion factor the Re exports are calculated in query 14 by multiplying ‘worktable exports’ by the part of TAP that is imported (imp/TAP). This gives the Re exports in mass units which are then divided by the combined conversion factor giving the Re exports in hectares.

Step 7. Calculating Consumed imports

Consumed imports are calculated by multiplying ‘worktable imports’ by the part of TAP that is consumed (cons/TAP out of ‘worktable TAP Consumption’). This gives the Consumed imports in mass units which are then divided by the conversion factor giving the consumed imports in hectares.

Step 8. Calculating Net virtual land use

Net virtual land use is calculated by subtracting the EU exports from Consumed imports. Query 16 combines the key Reporter,Partner,Product,Year of the tables ‘Results consumed imports’ and ‘Results EU exports’. In query 17 the two result tables are linked to the key and the net virtual land use is calculated.

To update the database after adding new data steps 1-8 have to be repeated. Queries 1-17 have to be executed to ensure that the new data is included in all results tables.
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