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Challenges for climate-smart agriculture and land use

• Rising demand for land-based products and ecosystem services

• Direct climate impacts

– Temperature, precipitation, CO2 [extreme events]

– Water scarcity

– Sea level rise

• Indirect climate impacts (from ambitious mitigation)

– Increasing energy prices

– Bioenergy demand

– Forest and biodiversity protection

– Reducing agricultural GHG emissions
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Land use modelling at PIK

• Development of long-term scenarios on global food, feed, 
forest and bioenergy production

• Analyses of trade-offs between different land uses

• Analyses of agricultural climate impacts and adaptation 
options

• Scenarios on land-use emissions and mitigation options

• Model coupling around the energy-land-water nexus
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Von	Lampe	et	al.,	Ag.	Econ.,	2014

Special issue

Climate-induced agricultural 
prices changes by 2050

(climate extremes not included)
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Background paper for World Bank Report

World	Bank	2015

Biewald,	A.;	Lotze-Campen,	H.;	Otto,	I.;	Brinckmann,	N.;	Bodirsky,	B.;	Weindl,	I.;	Popp,	A.;	Schellnhuber,	H.	J.	(2015):	
The	impact	of	climate	change	on	costs	of	food	and	people	exposed	to	hunger	at	subnational	scale.	PIK-Report	No.128.
www.pik-potsdam.de/research/publications/pikreports/summary-report-no-128	
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„Poverty“ scenario:  
by 2030 ca. 100 mill. 

more people 
threatened by 

extreme poverty

Hermann Lotze-Campen

World	Bank	2015
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Differences in costs 
of food (COF) 
combined with the 
projected hunger 
index.

The agricultural 
vulnerability 

indicator

„Poverty“ scenario: 
by 2030 ca. 45 mill. more 

people, who are extremely 
vulnerable to hunger, may be 
affected by higher food costs 

due to climate change

Biewald, Lotze-Campen et al., 2015
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Climate change adaptation options in agriculture

• Production risks -> Technology

– Soil management, new crop varieties, rotation, irrigation, livestock feed 

– Expansion/shift of agricultural land

• Income risks -> Insurance

– Multi-peril insurance

– Weather derivatives

• Market risks -> Trade

– Diversified international trade relations

Lotze-Campen and Schellnhuber 2009
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Stevanovic, Lotze-Campen et al. 2016

Free trade can reduce climate-related economic losses in agriculture
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Stevanovic, Lotze-Campen et al. 2016

Free trade can reduce climate-related economic losses in agriculture
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Change in 
water scarcity 

due to 
increased trade

Schmitz, 
Lotze-Campen et al., 

2013

Shadow price
of irrigation water
in 2045

Change due
to increased 
trade

US$/m³
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The role of agric. technological change

Dietrich, Schmitz, 
Lotze-Campen et al., 

2013
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Productivity increase 
in German agriculture

Lotze-Campen et al., Ag. Systems 2015

Social rate of return 
of investments 

into plant breeding
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Beintema et al. 2008, 2013

Important role for international public agricultural research

R&D expenditure on CGIAR Centers



Working	Group	III	contribution	to	the	
IPCC	Fifth	Assessment	Report
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Rockström, Schellnhuber et al., Science 2017

The challenge to fulfil the Paris agreement
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Bioenergy demand and prices 
with forest protection

Popp, Lotze-Campen et al., ERL 2011
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Shared Socio-economic Pathways (SSPs)

O‘Neill et al. GEC 2015



Land demand for land based mitigation 

BECCS for CDR

Afforestation

Regional dynamics

No REDD

Mainly regrowth

IMAGE MESSAGE-GLOBIOM AIM-CGE GCAM REMIND-MAGPIE

Popp et al., GEC 2017

Baseline RCP4.5 RCP2.6
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Policy elements for climate-smart agriculture

• Institutions and incentives
– Emission trading or taxation
– Compensation payments for global public goods (e.g. REDD)
– Trade reform (re-allocation of resource use)
– Secure use rights for land and water

• Innovation and investment
– Technology development and transfer
– Infrastructure
– Education and extension

• Insurance: risk management, social safety nets

• Information: monitoring and assessments

• Integration: linking different policy areas



DLGS Summer School

IOER Dresden, 27 Sep 2016
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