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Background
Future demand of agricultural products is expec-
ted to increase, according to FoodSecure scenari-
os, within a range from 45% (“Ecotopia”) to up to 
90% (“One percent world”). Population growth, 
economic growth, technological progress and 
dietary patterns are among the main drivers de-
termining the future level of pressure from the 
food and agricultural system on the environment. 
In addition to these factors, climate change will 
put the future food supply at risk. As agriculture is 
also part of climate change driving forces, mitiga-
tion efforts will be required for the sector. Reallo-
cation of land to carbon sequestration activities, 
such as afforestation and bioenergy, will create 
increased competition with agricultural areas and 
may contribute to increased prices and food in-
security.
For all these reasons, agriculture and land use will 
be at the center of many pressures and challen-
ges in the upcoming decades. This paper explores 
different possible paths and their trade-offs for 
the food and agricultural systems as identified du-
ring the FoodSecure project, and discusses their 
implications for food and nutrition, climate and 
the environment. 
in achieving this. 
Finally, development partners should also strive 
to improve internal inter-sectoral coordination as 
well as continue to promote a multi-faceted visi-
on of FNS.

Robust policies for a sustainable land 
and food system – general overview
In the coming decades, agricultural demand and 
production will increase significantly, leading to 
further expansion of the agricultural area, but 
also to a strong increase in crop yields and live-
stock system efficiencies. Achieving the agricultu-
ral intensification characterizing most long-term 
scenarios will already be a challenge, as it means 
boosting agricultural efficiency increase in regi-
ons with currently large yield gaps.. The various 
scenarios show mixed performance in land-rela-
ted sustainability goals, and trade-offs and syner-
gies between food security and the environment 
are visible in some scenarios.
Among the two scenarios striving for environ-
mental sustainability (“Ecotopia” and “One per-
cent world”), the high-tech scenario shows a clear 
trade-off between higher yields and higher GHG 
emissions and nitrogen surplus. The scenario 
with an emphasis on food security on the short 
term (“Food for all but not forever”), while initi-
ally achieving a high level of food security, shows 
indications of land-system degradation in terms 
of soil degradation and loss of biodiversity. Fi-
nally in the scenario with little improvement in 
environment and equality (“Too little too late”), 
low yields lead to bad performance in both food 
security and environment. As none of the scena-
rios achieves any of the land-related sustainabili-
ty goals, additional policies are needed to achieve 
these goals. However, as in the reference scenari-
os, there are important trade-offs (and synergies) 
between the various sustainability goals, and the 
policies to achieve them. 



Policy options range from removal of policy man-
dates for 1st generation biofuels (e.g. RED), more 
intensive input use and expanded irrigation sys-
tems, to nature conservation and protection of 
biodiversity, reducing food losses and improving 
resource efficiency in food supply chains (short 
to medium term); other options are second ge-
neration bioenergy and other advanced use of 
biomass in the bioeconomy, combined with af-
forestation and carbon sinks (e.g. REDD), and 
consumer strategies towards reducing waste and 
shifting preferences away from animal-source 
food, particularly in high-income countries (me-
dium to long term). 
The most prominent trade-off currently discussed 
is the effect of ambitious climate change mitigati-
on on food security (see further below), but other 
environmental policies may also impact food se-
curity. Robust policies strive for simultaneously 
addressing several sustainability goals, thus avo-
iding trade-offs among them.

Implications of climate change 
stabilization for the food and 
agricultural system
In December 2015 the majority of the world’s 
governments agreed in the so-called ‘Paris Agree-
ment’ on a renewed commitment to hold “the in-
crease in the global average temperature to well 
below 2 °C above pre-industrial levels and pursu-
ing efforts to limit the temperature increase to 1.5 
°C above pre-industrial levels”. While such an am-
bitious commitment is likely to reduce substanti-
ally the challenges to adaptation, it represents an 
unprecedented challenge in terms of greenhouse 
gas emissions reduction. Today, Agriculture, Fo-
restry, and Other Land Use (AFOLU) account for 
about a quarter of all anthropogenic emissions, 
most of which is directly or indirectly related to 
agricultural production. Direct emissions from 
the agricultural sector, such as methane emissi-
ons from enteric fermentation or rice cultivation 
and nitrous oxide emissions from soil fertilization, 

represent about half of the AFOLU emissions and 
continued increasing over the past decade, while 
emissions from land use change were stagnating 
or even decreasing. In three of the FoodSecure 
scenarios, the current trends continue and the di-
rect emissions increase by 24% to 34% by 2050, 
depending on the population growth and techno-
logies used. However, in the “Ecotopia” scenario, 
where consumption of meat decrease and pro-
duction is less dependant on fertilizer inputs, di-
rect emissions from food production is found to 
increase by only 2% by 2050.
Integrated Assessment Models, such as IMAGE-
MAGNET or MESSAGE-GLOBIOM are used to pro-
ject future greenhouse gas (GHG) emissions and 
their necessary reductions to achieve particular 
climate stabilization targets. These projections 
suggest that direct emissions from agriculture 
would need to be reduced by 26% to 29% by 
2050 compared to the reference level, whereas 
forest area and biomass production from dedica-
ted energy crops would require from 360 to 420 
Mha of land depending on the scenario. The com-
petition for land and the additional cost related 
to direct emissions reduction, for a price around 
100 euros per ton of CO2 equivalent in real terms 
by 2050, would lead to an increase of agricultural 
producer prices with 20% to 40%. If not mitigated 
through farm support and/or food aid programs, 
this price increase would lead to a decrease in 
average calorie availability per capita by 6% to 
9%. These results are conditional on large scale 
availability of negative emissions technologies, 
in particular carbon sequestration through af-
forestation and through bioenergy systems con-
nected to carbon capture and storage (BECCS). 
Given the limited budget of cumulative emissions 
compatible with reaching ambitious stabilization 
targets, without negative emissions technologies 
stabilization would require substantially larger 
GHG emissions reductions in the medium term, 
further increasing the impacts of mitigation on 
the food system. 
Direct emissions from agricultural production can 
be reduced in four different ways:
i. Reduction of emissions intensity of agricultural 
production (Havlik et al., 2014, Smith et al., 2013)
ii. Soil organic carbon (SOC) sequestration through 
tillage and residue management (Paustian et al., 
2016). 
iii. Technology transfer and international trade to 
decrease the inefficiencies related to suboptimal 
production allocation (Valin et al., 2013). 
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iv. Decrease in the amount and type of food con-
sumed, through dietary changes but also better 
waste management (Stehfest et al., 2009).  
Robust policies for a sustainable 1.5 degree food 
system
Given the need for agricultural emissions re-
duction to start immediately (Wollenberg et al. 
2016), ambitious policies need to be urgently im-
plemented. The European Union (EU) is respon-
sible for 8% of global agricultural emissions while 
it produces 10% of global cereals supply, 15% of 
meat supply, and 21% of milk supply. The EU land 
use, land-use change and forestry (LULUCF) sec-
tor acts already as a net sink of CO2 emissions 
while globally, the sector represents about 12% 
of total anthropogenic GHG emissions. From this 
perspective, the EU agricultural sector in general 
is very GHG efficient. 
Concrete EU-policy implications thus include:
• Mitigation policies on the producer side 

should support adoption of technical solu-
tions further improving the GHG efficiency of 
the sector without compromising its compe-
titiveness in international markets.

• EU policies guiding consumer behavior to-
wards reduction in wastes, overconsumption 
and overall healthier diets would have the 
triple dividend of reducing emissions, crea-
ting health benefits, and supplying internati-
onal markets or freeing land for afforestation 
or energy biomass production. 

• Most mitigation potential is outside the EU, 
and there the EU should contribute through 
research and technology transfer to increa-
se production while reducing deforestation 
(REDD+), and providing land for forest and 
energy plantations expansion. 

• As bioenergy is essential to cost-efficient and 
ambitious climate stabilization, the EU should 
take the lead in development of advanced 
biofuels technologies and feedstocks, which 
are not in direct competition with food pro-
duction, and have the potential to ultimate-
ly provide negative emissions at the needed 
scale.     

• There are important synergies between the 
mitigation policies listed above and other 
environmental issues, leading to benefits for 
nutrient balances, biodiversity, reduced land 
degradation.
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