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Wheat Virtual Water based on the applied water
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Spatial differences in the water footprint of wheat

Source: Mekonnen & Hoekstra (2014)

Rainfed wheat Virtual Water
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Green-blue water footprint of barley at different production percentiles

Wheat Virtual-Water “Flows” for 2006-2015

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 Average
Rainfed 3676 3916 2637 3751 3602 3499 3575 3569 3361 3108,1 3470
Import 1776 287 13651 8598 1592 664 16534 8645 13327 5328 7040
green water 2263 2310 1900 2043 2145 2047 2142 2008 1888 1866 2061
blue water 13395 13742 11336 11849 12744 12118 12582 11863 10844 10741 12116
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Average Rice cultivation for 2006-2015
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Wheat Rice potato  onion tomato Watermelon Melon Cucumbers
 Rainfed cultivation 3902 2 1 1 18 2 0,8
Irrigated cultivation 2469 561 161 57 156 113 76 87
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The average level of crops cultivation for 2006-2015



Crops water use and water productivity

Wheat Rice potato  onion tomato Watermelon Melon Cucumbers
Green water 2061 444 73 58 25 40 61 48
blue water 12116 5000 1287 979 828 522 1262 576
water productivity 0,52 0,43 4,06 3,03 1,69 3,54 3,46 2,70
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Crops virtual water 

Wheat Rice potato  onion tomato Watermelon Melon Cucumbers
Green water 280 191 13 18 17 20 13 28
Blue water 1647 2140 233 311 574 262 276 342
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Crops Virtual-Water “Flows” for 2006-2015

Wheat Rice tomato Watermelon Melon  onion potato Cucumbers
Import 7040 2990 0 0 0 1 7 0
Export 0 0 -210 -129 -36 -47 -99 -62
green water 2061 444 73 58 25 40 61 28
blue water 12116 5000 1289 979 828 522 1261 342
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Virtual water “Import”

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 Averag
e

Wheat 1741 282 13370 8432 1559 650 16227 8422 13091 5233 6901
Rice 2952 2453 3210 2994 2353 4121 3056 4330 2796 1634 2990
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Virtual water “Export”

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 Average
onion 45,4 63,8 38,1 20 37,5 30,4 45,3 70,8 75,4 61,9 49
tomato 132 152 185 167 157 173 214 177 262 544 216
potato 57 15 128,6 94 68,7 100 189 40,5 107 168,7 97
watermelon 66 103 83 99 103 109 120 188 264 167 130
melon 14 19 21 23 83 38 34 45 48 33 36
Cucumbers 37 66 108 120 80 48 37 41 45 31 62
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Potato Virtual-Water “Trade” within the country



Onion Virtual-Water “Trade” within the country



1- Technology development
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Average Potato cultivation for 2006-2015
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Potato Virtual Water based on the applied water 
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Potato Virtual-Water “Flows” for 2006-2015

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 Average
Import 25 35 9 0 0 0 0 0 0 0 7
Export -60 -15 -133 -96 -70 -102 -194 -41 -108 -168 -99
green water 59 55 66 57 53 65 67 60 62 62 61
blue water 1266 1169 1501 1180 1156 1293 1427 1194 1212 1213 1261
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Average Watermelon cultivation for 2006-2015
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Average Watermelon Production for 2006-2015

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 Averag
e

Export -201 -300 -231 -289 -295 -320 -347 -563 -855 -564 -397
Total production 5733 6659 5133 6149 6416 6384 6440 7371 8022 7428 6573
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Watermelon Virtual Water based on the applied water 
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Watermelon Virtual-Water “Flows” for 2006-2015

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 Average
Export -65 -101 -82 -98 -98 -107 -118 -189 -264 -168 -129
green water 52 57 48 54 56 57 60 68 67 59 58
blue water 825 964 818 929 950 977 996 1147 1151 1032 979
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Watermelon Virtual-Water “Flows” By using 
drip irrigation systems

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 Average
Export -43 -67 -54 -66 -65 -71 -79 -126 -176 -112 -86
green water 52 57 48 54 56 57 60 68 67 59 58
blue water 534 624 529 601 615 632 644 742 745 668 633

-400

-200

0

200

400

600

800

1000
M

m
3



Crops production for 2006-2015

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 Average
Rice 2,6 2,7 2,1 2,1 2,5 1,9 2,4 2,4 2,3 2,3 2,3
 onion 2,0 2,0 1,9 1,5 1,9 2,2 1,9 2,1 2,1 2,4 2,0
Melon 1,4 1,7 1,3 1,3 1,5 1,5 1,5 1,6 1,5 1,5 1,5
Wheat 14,7 15,9 7,0 12,1 12,1 8,7 8,8 9,3 10,6 11,5 11,1
tomato 5,1 5,5 4,8 5,9 5,7 5,6 5,5 5,6 6,2 6,0 5,6
Watermelon 5,7 6,7 5,1 6,1 6,4 6,4 6,4 7,4 8,0 7,4 6,6
potato 4,2 4,0 4,7 4,1 4,3 4,7 5,1 4,6 5,0 5,1 4,6
Cucumbers 1,9 1,8 1,5 1,6 1,7 2,8 3,0 3,0 3,0 1,6 3,0
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Wheat water productivity in major production area

Word water productivity (F.A.O,2007) : 0.75
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Rice water productivity in major production area

Word water productivity (F.A.O,2007) : 0.44
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Apple water productivity in major area

Word water productivity (F.A.O,2007) : 1.43
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Sectors of Agriculture
• Agriculture sector is mainly divided into the following four 

sub-sectors:

i. Crops

ii. Livestock

iii. Fishery (Aquaculture)

iv. Forestry (Silviculture)



In-Put Structure of Agriculture Sector

Agricultural  sector 
Input

Crops

Seeds, Fertilizer
Pesticides, Insecticides
Water, Cost of sowing

Ploughing 

Livestock

Fodder Medical care 
Transportation

Interest Value of Chick
Poultry Feed

Fishery

Fish seed Fertilizer
Fodder Water Charges

Farm implements 
Transportation

Forestry

Seed
Plantation Fertilizer
Pesticides Weeding



Output Structure of Agriculture Sector

Agricultural sector 
output 

Crops

Products
&

By Products 
Of crops

Livestock

Milk
Draught power

Wool & Hairs
Dung & Urine

Fishery

Quantity & Value
By Species 

Forestry

Timber, Firewood
Resin

Grazing, Medical herbs 
etc.



In the USA  approximately 1400 liters of oil 
equivalents  are expended to feed each citizen; 
energy consumption is broken down
31% manufacturing inorganic fertilizers
19% operation of field machinery
16% transportation 
13% for irrigation
8% raising livestock [not feed lot feed]
5% crop drying
5% pesticide production
8% other inputs

Does not include energy costs of packaging, refrigeration,transport to outlets
and energy for cooking



Use of energy for grain production
"modern" vs "traditional" systems

Source: Pretty 1995
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The price of steak from grain fed ruminants must be 
measured in terms of oil costs involved in growing the feed, 

managing and marketing the meat

1 kg of beef requires approximately
5.7 litres of oil. Or to produce this
little beauty at 600kg live weight

1075 litres of oil National Geographic June 2004



Oil Utilization Per Capita in Developed and Developing 
Countries [China/Indonesia/Africa/South America]
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The More Rural The Population The 
Lower The Energy Requirements

Country Energy 
Use [1012 

kcal]

Per Capita 
Use[ 106

kcal]

% 
population 
in Agric.

US 18400 77 2.6

Brazil 600 4 37

India 900 1 62

Kenya 12 0.6 75



The fossil fuel used in producing a hectare of 
corn [approx 7200kg/ha]
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Calorific Needs Based on Gender and Age

Conversion Factor: 1 BBL=1,400,000 kcal



F= 3,889,035,000  5.83 MMBBL/Day
0.5475 BBL/Female/Day Calorific Needs

M= 3,824,434,000  7.1 MMBBL/Day
0.677857 BBl/Male/Year

0.5475
0.677857



Source: Heller and Keoleian, 2000 

Energy Consumption of the Food System in the US



Energy Intake Structure, Global Mean FAO Stat

Kcal/person/day



Can you think of possible 
solutions?
 Conservation projects 
 Restriction on land use
 Optimise efficient farming methods
 Crop improvement. Research into high-yield or resistant crops
 Develop less damaging pesticides and herbicides
 Use renewable energy
 Look for/develop alternatives to palm oil or soya (often labelled 

vegetable oil or fat) in food such as chocolate
 Advertise accurately where food comes from
 Buy food from countries closer to the UK to reduce food miles
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1.Rates of soil erosion by water and wind;

Watershed area in the territory of water erosion: 125 m ha

Water erosion average: 16.7 ton/ha/year

economical losses from soil erosion: >10 billion dollars/year
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A 3-way Interaction, 7-Element NEXUS Model



Energy Productivity of Biomass

Items Unit Wheat Barley
Energy input MJ ha−1 32493 25655
Energy output MJ ha−1 48517 49800
Energy use efficiency – 1.49 1.94
Specific energy MJ.kg−1 17.80 15.14
Energy productivity kg MJ−1 0.056 0.066
Net energy MJ ha−1 16024 24145



 Hand threshing was laborious, with a bushel of wheat taking about an hour. 
In the late 18th century, before threshing was mechanized, about one-
quarter of agricultural labor was devoted to it.

https://en.wikipedia.org/wiki/Bushel


Vital Soil Ecoservices and Soil BioDiversity



Distribution of Species within SBD



Ecosystem Services of SBD



Soil Food Web



Schematic Links Between the Aboveground 
Grazing Mammals and Soil Microbes



Depiction of Nitrogen Cycle



Carbon footprints and land use of conventional 
and organic diets in Germany 

Maria Nordborg, et al, 
Journal of Cleaner Production
May 2017 



Food supply in conventional and 
organic diets in Germany 

H. Treu et al. 
Journal of Cleaner Production 
161 (2017) 127e142 



Carbon footprints in diets of conventional 
and organic consumers in Germany 

Maria Nordborg, et al, 
Journal of Cleaner Production
May 2017 



Land use in diets of conventional and 
organic consumers in Germany 

H. Treu et al.
Journal of Cleaner Production 
161 (2017) 127e142 



Average Conventional German Food Supply

Maria Nordborg, et al, 
Journal of Cleaner Production
May 2017 





Sample Daily Diet Carbon (CO2-eq) 
Calculated for France



Regional Food Waste
Kg/Person/Year



The UK’s Food Related Carbon Footprint 
(152 million tonnes CO2 equivalent) 

Source: Audsley E, et al (2009). An assessment of greenhouse gas emissions from the UK food system and the scope for reduction by 2050. How low can we go? WWF UK and the Food Climate Research Network 



Recommendations are generally aligned 
with the more healthy diet

 Eat less livestock related food, e.g. 
 Increased substitutes for butter and cheese

 Low fat or soy milk

 More starchy food like whole grain cereal or potatoes

 More food with complex carbohydrates such as bread and pasta

 More seasonal fruits

 More locally produced foods

 Lesser meat and more meat free days
 Lesser carbon footprint

 Lesser water pollution

 Lesser air pollution

 Lesser land use/land use change

 The case of animals in organic farming of small-holders is slightly different
 Etc. etc, you fill the blanks!



Priority Reasons for Organic Food 
Consumption in Germany

Environmental Concerns
Health Issues
Avoiding Genetically Modified Food
Better Animal Welfare
Climate Change?
Soil Preservation?



Comparison of Land Use of Diets



Thanks Much 
For Patiently Listening! 
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