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Climate change in the eastern Corn Belt Region (ECBR) is projected to bring higher 

temperatures, more variable and extreme levels of precipitation, and longer growing seasons. While 
these possibilities imply opportunity for increased production in the ECBR, managing change 
sustainably will be increasingly challenging. We propose research that will elevate the capacity of 
decision makers in the ECBR to adapt to a variable climate. Our approach is to identify how 
changing seasonal and extreme precipitation patterns induce changes in land use and management 
patterns driven by heterogeneous farmer adaptations. To assess multiple goals related to 
agricultural production, conservation, and societal well-being, we will build an integrated set of 
models of the climate system, regional economy, and agroecological outcomes and use this to 
evaluate policies and programs by projecting their impacts on the sustainability and resilience of 
this regional agroecosystem under varying futures. A participatory modeling approach is used 
throughout the project to engage stakeholders in developing the model scenarios and identifying 
relevant adaptations and policies. We will address the program area priority of “Climate, Land use 
and Land Management,” generating key outcomes including: (i) innovations in coupling 
downscaled climate projections with models of heterogeneous farmer behavior, regional 
economics, and land use/management patterns; (ii) increased awareness of how climate has 
changed over the last century in the ECBR; (iii) increased understanding of future climate and 
likely agroecosystem responses in the ECBR; and (iv) improved stakeholder confidence in the 
ability to mitigate climate-induced risks through more informed land use and management. 
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Regional Integrated Modeling of Farmer Adaptations to Guide Agroecosystem 
Management in a Changing Climate 

Introduction 
Climate change in the United States Midwest is projected to bring higher temperatures, more 
variable and extreme levels of precipitation, and longer growing seasons (Hatfield et al. 2014; 
Adams et al. 1990; Schlenker and Roberts 2009; Salinger 2005). These changes will induce 
agricultural land use/management adaptations, which depend on individual famer behaviors and 
changes in the economic, policy and technological conditions imposed by broader human 
systems. Both individual and system-wide adaptations to climate-induced risks determine land 
and agroecological outcomes, and generate multiple trade-offs. For example, warmer 
temperatures will extend the growing season in the Midwest region, which may induce farmers 
to manage their land more intensely (e.g., double cropping), thereby generating potential 
negative impacts on ecosystem services. Although the biophysical effects of climate variability 
on agricultural yields and ecosystem services are well-studied (e.g., Jones et al., 1991; Cramer et 
al., 2001; Challinor et al., 2014; Wheeler and von Braun, 2013), the potential ways in which 
these effects are mediated by farmer and agricultural system adaptations are complex and not 
well understood (Morton et al. 2015; Parker et al. 2008; An 2012). Given uncertainty over future 
climate conditions, and the complexity of individual and system-wide responses to these 
conditions into the future, we seek to answer the following research question: In the face of 
multiple climate-induced risks and uncertainties that will influence farmer adaptations, what is 
the right set of policies and programs most likely to achieve sustainable and resilient 
agroecosystem management that balances agricultural production with protection of critical 
ecosystem services? Our approach is to i) develop an integrated model of land use/management 
that accounts for the impacts of greater climate variability on the biophysical, ecological, 
behavioral, and economic dimensions of agroecosystems and (ii) apply this model to assess the 
sustainability and resilience of agricultural and land conservation policies and programs, defined 
in consultation with stakeholders, for the eastern Corn Belt region (ECBR) (Fig. 1) under 
alternative regional climate-agroecosystem scenarios.  

We define 
regional agroecosystems 
as coupled human-natural 
systems within regions of 
significant agricultural 
activity (40% or more of 
total land in crops) that 
include people, markets 
and institutions as well as 
farm enterprises and 
natural ecosystems. 
Sustainability and 
resilience are assessed in 
terms of agroecological 
outcomes (food 
production, climate 
regulation, carbon 
sequestration and water Fig. 1. Eastern Corn Belt region and selected watersheds  
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quality) on selected watersheds within the ECBR and overall farmer and societal well-being in 
the ECBR. We delineate the ECBR as primarily Ohio, Indiana, Illinois, and the southern portions 
of Michigan and Wisconsin and select comparison watersheds located in agriculturally 
significant areas distributed along multiple land cover gradients (Fig. 1). These states are located 
on the eastern border of the main U.S. corn production zone that drains mainly into the Ohio 
River, Lake Erie, and Lake Michigan. In the ECBR, agriculture produces 10% of total exports 
(USDA 2016), and almost 40% of the land is in crops, 28% forest, and 11% urban (USGS 2011). 
Observed climate changes in the ECBR likely to continue in the short-term include warmer 
(nighttime and cold season) and wetter (intense rainfall) conditions with projected increases in 
winter and spring precipitation (Melillo et al., 2014). Climate change is projected to be even 
more severe in coastal and drought-prone areas, potentially creating greater pressure for food 
production in the ECBR and inducing human migration to the ECBR. While these possibilities 
imply opportunity, managing change will be increasingly challenging. Our short-term goal is to 
increase the capacity of decision makers in the ECBR to identify adaptive strategies that mitigate 
the risks posed by climate extremes. Towards this end, we have identified three key stakeholder 
groups – agricultural producers, 
educators and consultants, and local 
and regional policy makers (see 
Support Letters). Representatives from 
these groups will comprise a 
Stakeholder Advisory Team (SAT) to 
identify adaptations and policies that 
may be robust to climate and 
behavioral uncertainties and that 
promote farmer and societal well-
being. This group will also be engaged 
in developing future scenarios of 
regional climate-agroecosystem 
projections. Our long-term goal is to 
demonstrate a holistic integrated 
approach for assessing these policies 
at a regional scale that can be applied 
to other agroecosystems. Such an 
approach is needed to guide the 
sustainable and resilient management 
of agroecosystems that balances 
agricultural production and critical 
ecosystem services.  We will 
implement this research through the 
following objectives (Fig. 2):   
x Obj. 1. Establish a stakeholder 

advisory team (SAT) to identify 
likely adaptations, policies and 
future scenarios 

x Obj. 2. Develop future climate 
projections for the ECBR Fig. 2. Overall project design 
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x Obj. 3. Specify a model of farmer land use/management adaptations for a range of plausible 
future scenarios that incorporates climate variability and behavioral heterogeneity  

x Obj. 4. Develop a multi-sector regional economic model to simulate land use and 
management patterns across the ECBR under future scenarios 

x Obj. 5. Model the impacts of climate variability and changes in land use/management on 
agricultural yields and ecosystem services under future scenarios  

x Obj. 6. Identify optimal policies that are robust to uncertain future climate and 
agroecosystem conditions 

x Obj. 7. Engage farmers and agricultural system stakeholders to inform decision making under 
a variable climate 

Through our extensive commitment to engaging stakeholders, we will generate 
substantial scientific and practical outcomes (see Logic Model). Short-term outcomes include 
innovations in the science and art of modeling coupled and integrated systems; increased 
understanding of the implications of climate variability on the agricultural system and likely 
agroecosystem responses; increased ability to identify the policies and programs needed to build 
a sustainable and resilient agroecosystem; and increased stakeholder confidence in their ability to 
respond and adapt to mitigate a variety of climate-induced risks in the agroecosystem. Longer-
term outcomes include greater adoption of more sustainable and resilient land management 
practices as a result of improved farmer engagement and policy design, leading to increased 
productivity, improved farmer quality of life and maintenance of ecosystem services. 

We are confident in our ability to deliver these outcomes. The proposal brings together a 
highly collaborative team of researchers all co-located at Ohio State University with a strong 
track record of interdisciplinary research. Our team has extensive experience with extension and 
educational outreach to the agricultural community (Biosketches) and with the proposed 
modeling and methods, including: dynamical downscaling of numerical models for weather and 
climate across diverse environments (Wilson et al., 2011, 2012; Fernández and Mark, 2016; 
Fernández et al., 2016), global climate modeling of large-scale circulation and tropical 
teleconnections (Wilson et al., 2014, 2016), integrated assessment modeling (Cai et al., 2015a,b, 
2016), multi-sector models with dynamic land use under uncertainty (Cai et al., 2017a,b,d), 
advanced computational methods (Cai and Judd, 2014; Cai and Sanstad 2016; Cai et al., 2015c, 
2017c), land use change modeling (Irwin 2010; Irwin and Bockstael 2007; Wrenn and Irwin 
2015; Zhang et al. 2016), agroecosystem and environmental assessment modeling (Zhao and 
Izaurralde, 2013; Zhao and Jackson, 2014; Zhang et al., 2015; Bright et al., 2017), sustainability 
and resilience assessment (Chen et al. 2011, 2012; Irwin et al. 2016), management of asymmetric 
risks (Randall 2011) with application to climate change adaptation (Randall et al 2012), 
heterogeneous farmer decision making to better explain adoption of conservation practices 
(Burnett et al. In press; Zhang et al., 2016; Wilson et al. 2014), and changes in water quality due 
to management practices (Gildow et al., 2016) and climate change (Culbertson et al., 2016).   

Rationale & Significance 
Global agricultural production is likely to suffer from climate-induced stresses related to pests, 
disease, weeds and increased incidences of extreme weather (heat waves, drought and very 
heavy precipitation). Other aspects of agroecosystems are vulnerable as well, as climate-related 
changes in yields and prices will impact the profitability of production systems, leading to 
changes in crop and livestock mix. These in turn could impact processing, storage and 
distribution systems. Other changes may come from increased extreme precipitation events, 
leading to potential impacts on agriculture transportation systems, inundating infrastructure and 
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making it difficult to move food efficiently from the source to consumers. Although there are 
numerous potential risks, there are also potential benefits. For example, a longer growing season 
in some parts of the world may introduce opportunities for double cropping or other strategies to 
increase production. How the potential risks and benefits are managed, and how the agricultural 
system adapts to increasing climate variability is critical to the future sustainability and resilience 
of agriculture. Although adaptation in the ECBR may seem somewhat less challenging than in 
some other agricultural regions, farm-level modifications in land use/management and system-
wide adaptations will still be necessary. Furthermore, given that the ECBR may become 
particularly critical in the future as a source of agricultural production, the nation and the world 
have much at stake in the ability of this regional agroecosystem to adapt while accommodating 
increasing production and urbanization pressures and maintaining critical ecosystem services. 

Agricultural and other uses of land produce large social benefits (food, fiber, shelter, and 
other essential goods and services) but also generate a range of environmental impacts (carbon 
emissions, soil and water degradation, alterations of habitat and hydrologic cycles, and loss of 
biodiversity (Postel et al., 1996; Sala et al., 2000; Tilman et al., 2001; Turner et al., 2007). Many 
agroecosystem models attempting to understand the impact of climate variability on production 
and associated ecosystem services do not explicitly account for human decision making 
processes (Parker  et al., 2008; An, 2012; Arneth et al., 2014; Boumans et al., 2015). The ability 
to make informed decisions to mitigate climate risks relies on an adequate understanding of both 
the physical conditions likely to occur in the future and the likely responses of heterogeneous 
human decision makers at both individual and system levels. In addition, stakeholder 
engagement is critical for achieving actionable science. Together, this is a significant joint 
challenge for researchers, policy makers educators, and other stakeholders. Consistent with the 
purpose and priorities of this AFRI Challenge Area for the priority area of Climate, Land Use 
and Land Management, we will examine how heterogeneous land use and land management 
patterns change in response to individual and system-wide climate adaptations in regional 
agroecosystems. Our approach will allow us to address questions related to 1) the impact of 
climate variability on food production, water quality, carbon sequestration and climate 
regulation, 2) the potential adaptation strategies that can achieve more sustainable and resilient 
agroecosystems while accounting for behavioral heterogeneity in farmer decision making and 
key regional economic feedbacks, and 3) policy frameworks that are more likely to foster 
adaptation in the agricultural system to achieve multiple goals related to food production, 
environmental quality and societal well-being. 

Approach 
We propose an integrated modeling approach informed by extensive stakeholder input to identify 
the potential policies that are needed to ensure the sustainability and resilience of the ECBR 
given future climate variability. Our integrated approach includes some model subcomponents 
that are tightly coupled with two-way feedbacks while others are loosely coupled with outputs 
from one subcomponent generating inputs that are re-scaled for another subcomponent.  

Objective 1: Establish a stakeholder advisory team (SAT) to identify likely adaptations, policies 
and future scenarios (LaBarge (lead), R. Wilson). Most models of complex systems are 
developed without the input of real world decision-makers, which limits the model’s ability to 
capture important aspects for decision making (Dilling and Lemos 2011; Weber et al 2011). 
Additionally, despite the widespread use of scenarios to inform public debates over alternative 
futures, the use of stakeholder input to design scenarios is rare (Garb, Pulver and VanDeveer 
2008). The goal of this objective is to use participatory processes to improve the usefulness of 
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