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Direct Use of Arable Land

Humans exist in ecosystems and are part of these ecosys-
tems. We depend on ecosystems for all our activities. We 
need a steady supply of basic requirements such as food, 
water, energy in terms of fuels, fibres, building materials, 
waste sinks and all other ecosystem services that directly 
and indirectly make life possible.

It has been estimated that the acreage of arable land 
could theoretically be doubled in the future, but there are 
potential problems due to competition for land for other 
purposes and difficulties with freshwater supplies for ir-
rigation. If more area can be taken into production, this 
new land may require more resources, not only for irriga-
tion, but also for increased fertilisation and mechanical 
work, etc. to produce the same volume of crops.

Since arable land is a limited resource, there will be 
less land per capita as the global population grows. In 
1960 there was 0.48 hectare arable land per capita, but 
by 2000 this had declined to 0.23 hectare per capita. It is 
estimated that there will be only 0.18 hectare per capita in 
2025 as the global population grows.

The direct land area used to support food consump-
tion in Sweden in the period 1997-2000 was on aver-
age approximately 3.7 million ha, or 0.41 ha per capita 
(Johansson, 2005). This direct area for Swedish food pro-
duction required not only domestic land but also the land 
used for imported food products, see Figure 2.1.
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Ecological Footprint

Besides arable land to grow our food we also need land for 
energy crops, land for timber production, land to capture 
the water we drink and land for assimilation of the waste 
we generate in society. The ecological footprint measures 
how fast we consume resources and generate waste com-
pared with how fast nature can absorb  our  waste and 
generate new resources. The ecological footprint keeps 
track of these uses to some extent. If we know how much 
resources we are consuming and how much waste we are 
generating, most of these resources and waste streams 
can be converted to biologically productive area.

CASE STUDY
Sweden
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Figure 2.1. Appropriated area for Swedish food production = domestic 
+ imported – exported area (Johansson, 2005).
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Six areas are considered in an ecological footprint 
evaluation: 1) Crop; 2) Pasture (livestock production); 3) 
Sea (fish and aquatic plants); 4) Forest (timber and fire-
wood); 5) Building area (living and dam areas) and 6) 
Area for carbon fixation.

Using this assessment, it is possible to estimate how 
much of the Earth (or how many Earths) it would take 
to support humanity if everybody lived a given lifestyle. 
In 2010, humanity’s total ecological footprint was es-
timated at 2.23 Earths – in other words, humanity uses 
ecological services 2.23 times as fast as Earth can renew 
them (Figure 2.2). Every year, this number is recalculated 
– with a three-year lag due to the time it takes for the UN 
to collect and publish all the underlying statistics. 

Ecological footprint can be measured for an individ-
ual, a city, a business, a nation or all of humanity. It can 
also be used to assess the footprint of food consumption 
(‘foodprint’). The ecological footprint of Swedish food 
consumption is in the range 7.4-14.5 million, hectares ac-
cording to Johansson (2005).  The ecological footprint is 
one indicator that can be used to estimate the indirect land 
needed to support a specific activity. 

Emergy Footprint

Recognition of the relevance of energy for the growth and 
dynamics of different complex systems has resulted in 
increased emphasis on methods of environmental evalu-
ation that can account for and interpret the effects of mat-
ter and energy flows at all scales in systems of humanity 
and nature.

Another method used for calculation of the interde-
pendence of human activities with their environment is 
emergy synthesis. Emergy accounting uses the thermo-
dynamic basis of all forms of energy, resources and hu-
man services, and converts them into equivalents of one 
form of energy, usually solar emergy. It takes into ac-
count all the free environmental inputs (sunlight, wind, 
rain), as well as the indirect environmental support em-
bodied in human labour and services often associated 
with monetary transactions. It is a quantitative meas-
ure of all of the resources required to make something, 
whether those resources are mineral deposits resulting 
from biogeological processes, renewable resources such 

as wood, fuel sources used directly, or goods or services 
resulting from industrial processes offered on the mar-
ket. For further explanations of the concept, see Odum 
(2007). This method is more comprehensive than the 
ecological footprint methodology. Therefore the calcula-
tion of indirect land use needed to support the Swedish 
food consumption gives larger values than the ecologi-
cal footprint method. The emergy footprint for Swedish 
food production system is an estimated 147 million hec-
tares (Johansson et al., 2000). This is about 40 times the 
direct area used for cropping and 3.6 times the total land 
area of Sweden.

Summary

The direct use of agricultural land is a limiting factor for 
food production. Some of the major problems today are 
land degradation, competition with other land use issues, 
the increasing global population and associated growing 
demand for food, the need to maintain yield levels by 
use of non-renewable inputs and uneven access to arable 
land and the output of food production systems. All these 
factors need to be given high priority in research, educa-
tion and the policy-making process if we are to achieve a 
more sustainable future.

Figure 2.2. Ecological footprint (in 2010) for the World, US and Canada, 
European Union, Europe (non-EU), Middle East/Central Asia, Latin 
America/Caribbean, Asia/Pacific, and Africa (Data from WWF, 2008).
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Methods are available that reveal the interrelationship 
between human activities and their environment. The re-
sults of such analyses show that the indirect environmen-
tal support is large. Higher yields per hectare have so far 
been achieved in modern agriculture and food production 
systems by increasing inputs of high quality resources 
of a non-renewable character. The development of agro-
ecological principles and their implementation in agricul-
ture is necessary to meet the future in a more sustainable 
way. Food production systems need to be based to a much 
higher degree than today upon renewable energy sources 
rather than non-renewable inputs.



References

469

Chapter 1 

Helsinki Commission. 1998. Agenda 21 for the Baltic Sea Region, 
Sustainable Development of the Agricultural Sector in the Baltic 
Sea Region, Baltic Sea Environment Proceedings No. 74, 

SOU 2003:72. Ocean- time for a new strategy

Chapter 2 

Johansson, S. 2005. The Swedish Foodprint. An Agroecological Study 
of Food Consumtion. Doctoral Thesis. Swedish University of 
Agricultural Sciences. Uppsala. Acta Universitatis Agriculturae 
Sueciae

Johansson, S., Doherty, S. and Rydberg, T. 2000. Sweden Food System 
Analysis 1996. In: Brown, M.T. (Ed.). Emergy Synthesis: Theory 
and Applications of the Emergy Methodology. First Biennial Emergy 
Analysis Research Conference. Gainesville, FL.

Odum, H.T. 2007. Environment, power, and society, for the twenty-first 
century the hierarchy of energy. Colombia University Press, New 
York 

WWF, 2008. Living Planet Report 2008. (Ed. In Chief, Chris Halls., 
Eds. Sarah Humphrey, Jonathan Loh and Steven Goldfinger) WWF 
International Avenue du Mont.Blanc, Gland, Switzerland.

Chapter 3

Ahlgren, S., Baky, A., Bernesson, S., Nordberg, Å., Norén, O. and 
Hansson, P-A. 2009. Ammonium nitrate fertilizer production based 
on biomass – environmental effects from a life cycle perspective. In: 
Bioresource Technology 99, pp 8034-8041.

Åslund, Y. 1965. Hjalmar Lundbohm. Lapplands okrönte kung. 2. 
Upplagan. LT: Förlag Stockholm.

Becker, P. 1989. Phosphates and Phosphoric Acid – Raw materials, 
Technology and Economics of the Wet Process. Second Edition. 
Marcel Dekker Inc. New York. 

Bertilsson, G., Kirchmann, H., and Bergström, L. 2008. Energy analysis 
of conventional and organic agricultural system. In: Kirchmann, H. 
and Bergström L. (Eds.).Organic Crop Production – Ambitions and 
Limitations, Springer, Dordrecht, The Netherlands, pp 173-188.

Bryne, C., Divekar, S.D., Storchan, G.B., Parodi, D.A. and Martin, 
M.B. 2009. Cadmium – a metallhormone? In: Toxicology and 
Applied Pharmacology 238, pp 266-271.

Buckingham, D.A. and Jasinski, S.M. 2006. Phosphate Rock Statistics, 
Historical Statistics for Mineral and Material Commodities in the 
United States, Data Series 140 US Geological Survey. Assessed 
14.03.2011, available from http://minerals.usgs.gov/ds/2005/140/ 

Cohen, Y., Kirchmann, H. and Enfält, P. 2011. Management of phos-
phorus resources – historical perspective, principal problems and 
sustainable solutions. In: Kumar, S. (Ed) Waste Management. Book 
2, ISBN 978-953-307-447-4. Intech Open Access Publisher.

Cordell, D., Drangert, J-O. and White, S. 2009. The story of phosphorus: 
global food security and food for thought. In: Global Environmental 
Change, Vol. 19, pp 292-305.

Driver, J., Lijmbach, D. and Steen, I. 1999. Why recover phosphorus 
for recycling, and how? In: Environmental Technology 20, pp 652-
662.

EasyMining. 2011. EasyMining Sweden AB. Assessed 14.03.2011, 
available from http://www.easymining.se

EFSA, European Food Safety Authority. 2009. Scientific Opinion of 
the Panel on Contaminants in the Food Chain on a request from 
the European Commission on cadmium in food. In: EFSA Journal 
980, pp 1-139.

Energy Information Administration. 2010. International Energy 
Outlook 2010. Assessed 31.03. 2011, available from http://www.
eia.doe.gov/oiaf/ieo/index.html

Eriksson, J. 2009. Strategi för att minska kadmium-belastningen i ked-
jan mark-livsmedel-människa (Strategi for reduction of cadmium 
load to the soil-food-human chain in Sweden). Swedish University 
of Agricultural Sciences, Report MAT21 No. 1/2009, Uppsala, 
Sweden.

FAO. 2008. Agriculture. Assessed 10.4.2011, available from ftp://ftp.
fao.org/docrep/fao/011/i0765e/i0765e08.pdf

GeoHive. 2010. Population statistics for agglomerations over 750,000 
inhabitants. Assessed 14.03.2011, available from http://www.geo-
hive.com/earth/cy_aggmillion2.aspx

Greaves, J., Hobbs, P., Chadwick, D. and Haygarth, P. 1999. Prospects 
for the recovery of phosphorus from animal manures: a review. In: 
Environmental Technology 20, pp 697–708.

Gregory, P.J., Ingram, J.S.I., Andersson, R., Betts, R.A., Brovkin, 
V., Chase, T.N., Grace, P.R., Gray, A.J., Hamilton, N., Hardy, 
T.B., Howden, S.M., Jenkins, A., Meybeck, M., Olsson, M., 
Ortiz-Monasterio, I., Palm, C.A., Payn, T.W., Rummukainen, M., 
Schulze, R.E., Thiem, M., Valentin, C., and Wilkinson, M.J., 2002, 
Environmental consequences of alternative practices for intensify-
ing crop production. In: Agriculture, Ecosystem and Environment 
88, pp 279-290.

Grimm, N.B., Faeth, S.H., Golubiewski, N.E., Redman, C.L., Wu, J., 
Bai, X. and Briggs, J.M., 2008. Global change and the ecology of 
cities. In: Science 319, pp 756-760.

Haygarth, P.M., Jarvis, S.C., Chapman, P. and Smith, R.V. 1998. 
Phosphorus budgets for two contrasting grassland farming systems 
in the UK. In: Soil Use and Management 14, pp 1–9.

Heffer, P., Prud’homme, M., Muirhead, B. and Isherwood, K.F. 2006. 
Phosphorus fertilization: issues and outlook. Proceedings 586, 
International Fertilizer Society, York, UK.

References


	ehsa 1_cover.pdf
	FULLTEXT01-52.pdf

