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Introduction 

The Shared Socioeconomic Pathways (SSPs) articulate five different future socioeconomic 
development pathways (O’Neill et al., nd). These SSPs were designed to explore uncertainty in 
challenges to mitigation and challenges to adaptation. However, the resulting stories lead to large 
differences in population, income, diet, biomass, trade, and terrestrial climate mitigation 
potential, making these scenarios ideal for exploring uncertainty in the evolution of the terrestrial 
system.  

Land use, land use change, and forestry (LULUCF) both influence and are influenced by climate 
change. LULUCF contributes approximately 25% of global greenhouse emissions today, mostly 
from deforestation CO2, CH4 from livestock and rice, and N2O from fertilized soils (Tubiello et 
al., 2015). Conversely, climate-induced changes in ecosystem productivity alter LULUCF, 
resulting in changes in agricultural land and ecosystem carbon storage. The terrestrial system also 
has the potential to contribute to climate change mitigation, e.g., through biomass production or 
afforestation (Wise et al., 2009; Reilly et al., 2012; Popp et al., 2013). The future evolution of the 
terrestrial system is highly uncertain, depending on, among other sources of uncertainty, 
numerous factors that shape the five SSP storylines.  

This paper will provide a deep dive into a single sector in the SSPs, focusing on the quantification 
of land use and land use change by six different Integrated Assessment Models. We will briefly 
describe the elements of the SSP storylines that are pertinent to the terrestrial system. Then, we 
will show land-related results from the SSP quantifications, including land use and land cover, 
food consumption, bioenergy production, emissions, and agricultural commodity prices. We will 
conclude with a brief discussion of how these results can be used by other communities, e.g., the 
Earth System Modeling and Impacts, Adaptation, and Vulnerability communities. 

SSP Land-Related Storylines 

The SSP storylines (O’Neill et al., nd) include qualitative information on the future evolution of 
the terrestrial system. For example, in SSP1, “[l]and use is strongly regulated to avoid 
environmental tradeoffs.” In contrast, SSP3 is characterized by “continued deforestation due to 
competition over land and rapid expansion of agriculture.” Table 1 summarizes these 
characteristics. 

Table 1: SSP Land-Related Storylines 



 
Results of the IAM SSP Quantification 

Differences in SSP storylines result in large differences in agriculture and land use. Figure 1 
shows these differences for global cropland area, without any mitigation efforts. The SSP1 world, 
with its high productivity growth, low environmental impact of food, strong land use change 
regulation, and low population, results in the lowest cropland area. SSP3, in contrast, results in an 
expansion of cropland area in all IAMs. Forest area is a mirror image of cropland, where SSP3 
has the lowest forest area and SSP1 has the highest forest area. 

 
Figure 1: Global Cropland Area, across SSPs, without climate change mitigation. Lines indicate marker 
model scenarios and shading indicates ranges across IAMs. 

In addition to differences in land use and land cover, the SSPs result in differences greenhouse 
gas emissions (GHG). In this context, SSP3 has the highest GHG emissions as a result of 
continued deforestation, leading to land-use change CO2 emissions, and high agricultural 
production, leading to high CH4 and N2O emissions. 

 

 SSP1 SSP2 SSP3 
SSP4 

SSP5 Low 
Income 

Medium 
Income 

High 
Income 

Land Use Change 
Regulation Strong Medium Weak Weak Medium Strong Medium 

Agriculture 
Productivity 

Growth 
Rapid Medium Slow Slow Medium Rapid Rapid 

Environmental 
Impact of Food 
Consumption 

Low Medium High Medium High 

International 
Trade Globalized Regionalized Regionalized Limited 

Access Globalized Globalized Globalized 



Discussion 

The SSPs are designed to facilitate future climate-related research. There are many different 
avenues that this research could take. For example, the SSPs exclude climate change mitigation or 
impacts and adaptation. Research exploring the effects of mitigation in different SSPs is already 
underway, and initial results are documented in Riahi et al. (nd). The implications of these 
scenarios for future climate are also being quantified through the next Coupled Model 
Intercomparison Project (see O’Neill et al, 2016). Other areas of potential future research include 
(1) understanding the effect of climate change impacts and the potential for adaptation under 
different socioeconomic pathways, (2) quantifying the effect of resource limitations (e.g, water 
availability) on the SSPs or mitigation under the SSPs, and (3) downscaling the SSPs at national 
and local scales.  
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