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OUR COMMITMENT TO SUSTAINABILITY  |  ESA helps a variety of 
public and private sector clients plan and prepare for climate change and 
emerging regulations that limit GHG emissions. ESA is a registered 
assessor with the California Climate Action Registry, a Climate Leader, and 
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 1 INTRODUCTION 

This literature review has been developed for the Farming in the Floodplain Project (FFP), led by 
WSU Puyallup Research and Extension Center, which is part of the Floodplains for the Future 
Puyallup, White, and Carbon Rivers (FFTF) program. The FFTF program works to balance the 
needs of farms, fish, and flood protection and promote the health and resilience of the watershed. 
The FFP is focused on supporting agricultural viability in the Clear Creek area of the Puyallup 
Watershed and in the watershed as a whole. 

The objective of this literature review is to compile existing information regarding agricultural 
resilience, the expected future climate conditions in Washington State’s South Puget Sound 
region of Washington State, and the interaction between agriculture, development, and a 
changing climate. In order to accomplish this objective, Environmental Science Associates (ESA) 
conducted a literature review of academic and government research articles, reports, and 
summaries of related to these topics. This document summarizes our literature review 
methodology (Section 2), summarizes the main points from the reviewed sources (Section 3), lists 
key findings for development of an Agricultural Resilience Action Plan (ARAP) for the Clear 
Creek area of the Puyallup Watershed (Section 4), and provides an annotated bibliography of 
each source of information (Section 5). 
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2 METHODOLOGY 

To guide this literature review, ESA worked with the Farming in the Floodplain Project team to 
identify a suite of research questions centered on five themes: future climate conditions, the 
relationship between climate change and agriculture, the relationship between development and 
agriculture, agricultural resilience, and barriers to resilient agriculture. The research questions 
were:  

1. What are the expected impacts of climate change in the South Puget Sound region? 

2. How will the expected impacts of climate change affect agriculture? 

3. What are the expected impacts of future development and population growth on agriculture in 
Pierce County? 

4. How does development tend to affect agriculture? 

5. Which elements of agriculture are most at risk under expected future climate conditions and 
development scenarios? 

6. What actions can build adaptive capacity and resilience in agricultural systems? 

7. What are common barriers to resilient agricultural systems and how can they be overcome? 

After establishing these research questions, ESA conducted a preliminary search for research 
articles, planning documents, and other materials with a perceived connection to the identified 
research questions. These sources were compiled from Google Scholar and UW Libraries. In 
total, 81 documents were identified during this preliminary phase. Of these 81 documents, 34 
were chosen by ESA to be included in the literature review based upon a more thorough, 
secondary review. Those 34 documents were read by ESA employees and summarized in 
Sections 3 (Annotated Bibliography) and 4 (Summary) of this document. 
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3 SUMMARY FINDINGS 

This section summarizes key findings from articles listed in the Annotated Bibliography (Section 
5).  The summary is divided into the following topics related to agricultural resilience: 
development, climate change, approaches to resilience planning, potential actions, and barriers to 
resiliency and adaptation. 

Development: Drivers, Impacts, and Actions 

Drivers 

As the population of the Puget Sound region continues to grow, agricultural lands face increasing 
pressure and competition for land from development. In Pierce County, development has been 
identified as the principal challenge facing the long term viability of the agricultural industry and 
community (Globalwise, Inc., 2016). Although agricultural lands make important economic and 
social contributions to local communities and provide numerous ecosystem services, the per acre 
production value of agricultural lands is consistently much lower than that of non-agricultural 
uses; this is particularly true for agricultural lands “on the urban edge”, like many of the farms in 
the Puyallup Watershed (WSDA, 2019). Because the social and environmental contributions of 
agriculture are often not considered (i.e., quantified or tracked) by governments, agricultural 
interests are unable to compete with non-agricultural users for land resources given these 
economic disadvantages (WSDA, 2019). This problem is further exacerbated by the fact that 
cities and counties are incentivized to permit non-agricultural development on agricultural lands 
due to higher rates of property taxes associated with different types of land uses (WSDA, 2019).   

Increased population growth also results in secondary impacts from development on agriculture. 
With increased population comes a need for increased infrastructure to support the growth of 
communities. In the Puyallup Watershed, the Canyon Road Regional Connection Project will 
provide a new transportation corridor between the Port of Tacoma and industrial areas of the 
Puyallup Watershed, but also poses a threat to farms and agriculture in the Clear Creek area along 
the lower Puyallup River. This project threatens to divide large farms, impact drainage, and 
reduce agricultural viability in the area surrounding the project (Muir, 2019).  

Development can also result in the loss of agricultural lands through less direct means. For 
example, development in urban areas may result in the loss of critical habitats. In order for a 
project to be approved developers can sometimes convert other areas, like farmland, to the same 
critical habitat type as a technique for mitigation of habitat loss (WSDA, 2019).  

Impacts 

The primary impact of development on agriculture is a loss of agricultural lands. This loss of 
farmland not only poses a threat to small farmers, but threatens the viability of some of the 
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largest, most viable farms in the watershed. In Pierce County, some of the largest farms often 
operate across multiple properties. When lands are lost to development, existing farmland 
becomes fragmented, making it difficult for large scale farmers to access sufficiently sized 
parcels of land within a given area. This makes it difficult for farmers to move machinery and 
manage multiple properties, increasing the costs of operating farm businesses (Globalwise, Inc., 
2019).  

Development threatens agriculture in other ways beyond just the loss of farmland. As non-
farmers and non-agricultural industries buy land and move into agricultural communities, these 
groups may disapprove of some common attributes of agricultural activities, such as smells, 
noise, dust, and machinery (WSDA, 2019). The Washington Agricultural Strategic Plan: 2020 
and Beyond notes that “there has been a tendency for urbanized societies to impose additional 
regulations and restrictions on normal agricultural activities” (WSDA, 2019). These regulations 
further restrict agricultural activities and jeopardize agricultural viability.  

A loss of agricultural lands also leads to a loss of agricultural services, like market access, 
education, government support, and research (WSDA, 2019).  In Whatcom County, a “critical 
mass” of 100,000 acres of farmland was shown to be necessary to support a functioning 
agricultural system (Whatcom County Planning and Development Services, 2011), though it 
should be noted that this specific number may not apply to other areas. As farms disappear and 
become lost to development, it becomes nearly impossible to convert lands back to agricultural 
uses (Globalwise, Inc., 2016). 

Actions 

Several opportunities for action exist to help reduce the impacts of development on agriculture. 
Planning and zoning ordinances are important tools to help identify agricultural lands and limit 
non-agricultural uses on those lands. By focusing on productive soil types as well as topography 
and climate, planners can select the most productive and profitable areas for agriculture and 
identify them for priority agricultural uses (Globalwise, Inc., 2016).   However, zoning is not 
always a dependable means of agricultural protection. For example, the Washington Agriculture 
Strategic Plan reports that while “zoning laws have limited the transfer of land from agricultural 
to nonagricultural uses, zones are vulnerable to change under political pressure” (WSDA, 2019).  

Apart from zoning, local and state regulations and programs have the potential to support the 
protection of agricultural lands. King County started a program in the 1970s where funding was 
made available to purchase development rights from farmers. In exchange for maintaining their 
land under agricultural use, farmers were paid the difference between the value of their land in 
development and its value as a farm (WSDA, 2019).  Other policy options, like open space 
programs that encourage land uses with minimal development (agriculture), can be especially 
beneficial for the long-term protection of agricultural lands (WSDA, 2019). Some regulations, 
however, may prove to be burdensome for farmers. For example, in the Puyallup Valley, farmers 
have stated that building regulations and the costs of permits present challenges, particularly for 
new and small-scale farmers (Globalwise, Inc., 2016).  
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Additionally, decision-makers should take into account the ecosystem benefits that agriculture 
can provide such as flood storage, wildlife habitat, and groundwater recharge potential 
(Globalwise Inc., 2016). In the Puyallup Watershed, these ecosystem services provide valuable 
contributions to salmon recovery goals and strategies. By aligning the ecosystem benefits of 
agriculture with the goals of salmon habitat recovery actions, the potential exists to identify 
solutions that support multiple benefits throughout the watershed while maintaining agricultural 
lands. 

Agriculture and Climate Change 

Impacts of Climate Change 

Global climate change is anticipated to have a myriad of local impacts throughout the Puget 
Sound region and the Puyallup Watershed and will be one of many factors that will influence 
future agricultural productivity and actions taken by farmers. In general, scientists believe that 
temperatures will rise and precipitation events will become increasingly variable. Temperatures 
are anticipated to increase during all seasons, which will lead to a longer growing season and 
likely result in decreased water availability in the summer and higher flood risk in the winter 
months due to increased instances of rain-on-snow events (British Columbia Agriculture & Food 
Climate Initiative, 2013; Mauger et al., 2015). In addition to changes in temperatures, climate 
change is expected to increase the magnitude and variability of precipitation events throughout 
the Puget Sound region.  

These anticipated changes in climate will lead to a series of impacts on agriculture. Heavy rain 
events are anticipated to become more frequent and generate more rainfall, increasing soil erosion 
and flooding in low lying areas like floodplains where farming is a common land-use practice 
(Mauger et al., 2015). This increase in precipitation is also anticipated to delay spring plantings 
(U.S. Climate Science Program, 2008). Cole and Robertson (2018) have developed a mapping 
tool for farmers in Snohomish County to visualize the impacts that these types of flooding events 
would have on farmland. Their work, coupled with climate projections, has shown that the 
uncommon and severe flooding events of the past are likely to become the common flooding 
events of the future (Cole and Robertson, 2018). Climate change is also anticipated to contribute 
to sea level rise in the Puget Sound, resulting in increased flooding and the potential for salt water 
intrusion on agriculture soils in low lying areas (British Columbia Agriculture & Food Climate 
Initiative, 2013; Mauger et al., 2015).  

As for impacts to crops, warmer temperatures are likely to increase the distribution and 
prevalence of pests, plant pathogens, and disease (Hatfield et al., 2013). Additionally, warmer 
temperatures will also result in increased stress on water systems, with the potential for increased 
water scarcity and costs associated with irrigation. Some crop simulation models have predicted 
between a 2.5 percent and 10 percent decline in crop yields across several crops throughout the 
21st century (Hatfield et al., 2013). Livestock will also be impacted by climate change due to 
increased heat stress. “Optimum animal core body temperature is often maintained within a 2°C 
to 3°C range. For many species, deviations of core body temperature in excess of 2°C to 3°C 
cause disruptions of performance, production, and fertility that limit an animal’s ability to 
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produce meat, milk, or eggs. Deviations of 5°C to 7°C often result in death” (Hatfield et al., 
2013).  

Apart from these negative impacts, climate change may result in some positive impacts for 
farmers. Warmer temperatures may extend the growing season, providing farmers with more time 
to grow and harvest certain crops. Additionally, some studies have shown that higher 
concentrations of atmospheric CO2 will have mixed effects on crop production (Hatfield et al., 
2013). “Increasing carbon dioxide (CO2) in the atmosphere is a positive for plant growth, and 
controlled experiments have documented that elevated CO2 concentrations can increase plant 
growth while decreasing soil water-use rates” (Hatfield et al., 2013). However, increased CO2 
may promote significant growth of weeds over crop species, and CO2 also plays a role in water-
use efficiency, thus the ultimate impact on crop species is uncertain (Hatfield et al., 2013). 

Adaptation of Agriculture to Climate 

Agriculture is one of the sectors most vulnerable to climate change, but impacts can be minimized 
or mitigated to some extent through adaptation.  “Studies show that without adaptation, climate 
change is generally problematic for agricultural production and for agricultural economies and 
communities; but with adaptation, vulnerability can be reduced and there are numerous 
opportunities to be realized” (Smit and Skinner, 2002). Agriculture, in general, can be considered 
a resilient practice, particularly in the short term; each growing season, farmers constantly adapt 
their practices to respond to weather events like severe storms and drought. However, over long 
periods of time, agriculture becomes increasingly sensitive to changing climate conditions 
(Hatfield et al., 2013).  

“The U.S. agricultural system is expected to be fairly resilient to climate change in the 
short term due to the system’s flexibility to engage in adaptive behaviors such as expansion 
of irrigated acreage, regional shifts in acreage for specific crops, crop rotations, changes 
to management decisions such as choice and timing of inputs and cultivation practices, 
and altered trade patterns compensating for yield changes caused by changing climate 
patterns. By midcentury, when temperature increases are expected to exceed 1°C to 3°C 
and precipitation extremes intensify, yields of major U.S. crops and farm returns are 
projected to decline” (Hatfield et al., 2013). 

The primary vulnerability of agriculture to climate change comes from the variability and 
extremes of future climate conditions. Small changes in precipitation or temperature may be 
manageable for some farmers, but larger swings are expected to reduce agricultural returns over 
time (Hatfield et al., 2013). For example, as temperatures increase, farmers may be able to adapt 
in the short term, but as temperatures continue to climb, the viability of agriculture is threatened 
in the long term (Howden et al., 2007).  

Adaptation can be viewed as a series of decisions to be made by farmers in response to climate 
change and other non-climate factors. “Non-climatic forces such as economic conditions, politics, 
environment, society and technology, clearly have significant implications for agricultural 
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decision-making, including adaptive decision-making.  The effects of changing commodity 
prices, trade agreements, resource use rights, and government subsidies and support programs 
complicate the adaptation process.  Non-climatic conditions may amplify or exacerbate climate-
related risks, or they may dampen, counteract or overwhelm the climate effects” (Smit and 
Skinner, 2002). When faced with decisions about adapting practices in response to climate 
change, these non-climatic and external forces must also be considered.  

Although farmers face many challenges from climate change in the future, their experience with 
continuous adaptation has positioned them to implement and adopt new and creative solutions to 
problems caused by climate change (Smit and Skinner, 2002 and Arbuckle et al., 2013). Arbuckle 
et al., 2015 considers farmers to be “professional problem solvers” and found that their inherently 
creative nature is an asset when developing and building support for adaptation actions in the 
agricultural community (Arbuckle et al., 2015).  

Research has revealed that when faced with the problem of climate change, farmers are much 
more likely to support and implement adaptation planning measures. Additionally, support for 
adaptation varied depending upon how much risk was perceived by farmers, and in general, most 
farmers were supportive of adaptation to severe weather events (Arbuckle et al., 2015). “When 
farmers believe in climate change and perceive it as a problem, their willingness to take action is 
activated” (Arbuckle, 2015). Arbuckle (2015) notes that this insight is particularly useful for 
outreach purposes. When presenting options to farmers, framing is particularly important, and as 
research has shown, framing problems in a way that appeals to a farmer’s creative nature may be 
a successful tool to encourage farmers to embrace adaptation.  

While adaptation will be beneficial to farmers, it is not without its limits. Studies have shown that 
adaptations are most successful under a moderate warming scenario (up to 2°C), beyond which 
the benefits of adaptation actions level off as temperatures rise (Howden et al., 2007).  
Additionally, the benefits of adaptation are higher under scenarios of increased rainfall rather than 
decreased rainfall since there are more ways to use abundant resources compared to those that are 
more scarce (Howden et al., 2007). Lastly, the benefits of adaptation vary between different crops 
and types of farms.  

Approaches to Resilience Planning 

Agricultural adaptation increases resilience and can be considered a form of risk management that 
is best implemented by diverse stakeholder groups who provide local knowledge (Sumane et al., 
2018).  

“Sustainable agriculture is best advanced by multi-actor knowledge networks where 
different stakeholders have different kinds of knowledge and come together.  It’s critical to 
understand that farmers are knowledge producers and active participants.  Their local 
knowledge is crucial.  Farmers have a knowledge base accumulated over a long time 
working in dynamic local conditions.  Farmers know the local conditions and resource, 
and any solutions will need to fit those unique conditions.  So all stakeholders, including 
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farmers, need to be coauthors of knowledge, and both formal and informal knowledge need 
to be enhanced and brought together” (Smit and Skinner, 2002). 

The adoption of adaptation strategies for climate change can be seen as challenging for many 
communities. Climate change is a considerable threat to agricultural communities and poses a 
range of potential impacts to communities, individuals, and farm businesses. Therefore, clear and 
thorough communication and outreach is necessary to build support for adaptation amongst 
farmers.  

Relationships, communication, and outreach are important tools to support farmers as they 
implement adaptation strategies on their farms. Although trends in climate change have been well 
documented, the specific impacts of those changes on individual farms remains uncertain. This 
uncertainy causes farmers to seek as much information as possible to inform their planning 
decisions, and often, this information comes from their trusted social networks (Morton, et al., 
2017).  

In addition to other farmers, these networks are often comprised of university extension agents, 
commercial organizations, and government agencies.  Such networks are particulary helpful when 
interpreting scientific information to help farmers make decisions (WSDA, 2019). Because of the 
resource and time demands of farming, farmers are often unable to monitor and interpret 
scientific information, and instead they rely on these “information ambassadors” to inform the 
agricultural community (WSDA, 2019).  

When farmers use their networks as sources of trustworthy information, “it suggests that [those 
individuals and organizations] may reduce the complexity of risk management associated with 
climate impacts and uncertainty” (Morton, et al., 2017). The organizations and indivudals that 
directly collaborate with and support farmers are instrumental in developing and advancing 
agricultural resilience. 

Morton, et al., 2017, examined the role these networks have on farmers and agricultural 
communites and found that relationships between farmers and public sector entities in particular 
help farmers reduce their uncertainty regarding climate change.  

“Farmers who reported being strongly influenced by public sector agricultural 
relationships (i.e., state climatologists, Extension, state departments of agriculture, 
conservation NGOs, and NRCS) were more likely to have lower levels of uncertainty about 
whether climate impacts merited making changes in their system. This suggests that 
farmers using public agencies and organizations as information sources may be 
decreasing their uncertainty about climate impacts, which could result in greater 
willingness to adapt or adjust practices” Morton et al., 2017. 
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These individuals and organizations also play an important role in communicating the needs of 
the agricultural community to policy makers, the scientific community, and the public (WSDA, 
2019).  

Potential Actions 

The table below lists potential actions to increase agricultural resilience identified in the sources 
reviewed as part of this literature review. 

TABLE 1 
POTENTIAL ACTIONS TO INCREASE AGRICULTURAL RESILIENCE 

Topic Potential Adaptation Actions 

Water Use 

Alter the amount and timing of irrigation 

Expand irrigation infrastructure 

Invest in technologies to promote water-use efficiency 

Prevent erosion and nutrient leaking where rainfall increases 

Adopt technologies to harvest water and conserve soil moisture 

Hydrology 

Undertake collaborative stormwater management planning 

Pilot drainage management options 

Install catchments and swales 

Increase drainage capacity 

Modify water resource management policies and programs to improve resilience to climate 
change 

Soil 

Smart management of soil fertility 

Focus on soil organic matter 

Conservation tillage 

Nutrient management 

Adopt and/or refine soil conservation programs 

Use alternative fallow and tillage practices 

Install soil conservation structures 

Energy 

Increase energy efficiency 

Aim for energy self-sufficiency 

Implement back-up generator systems 

Crops 

Alter the timing or location of cropping activities 

Select varieties more appropriate to future climate conditions or with more resistance to 
heat or drought 

Alter fertilizer rates 

Increase crop biodiversity 

Livestock 

Increase pasture diversity 

Improve grazing management 

Alteration of forage and animal breeds 

Reassess fertilizer applications 
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TABLE 1 
POTENTIAL ACTIONS TO INCREASE AGRICULTURAL RESILIENCE 

Topic Potential Adaptation Actions 

Use supplementary feeds and concentrates 

Diversify livestock types and varieties 

Pests, diseases, and 
invasive species 

Promote integrated pest management 

Develop and use crop varieties resistant to pests and diseases 

Adopt improved quarantine capabilities 

Economics 

Diversify farm income through other farming practices, such as livestock 

Create a reserve fund for diking and drainage upgrades 

Identify economic incentive thresholds at which farmers would adopt different practices 

Provide payments for ecosystem services 

Purchase crop insurance 

Invest in crop shares and futures 

Develop income stabilization programs 

Participate in new markets 

Participate in financial incentive programs 

Develop flexibility to respond to changes in consumer behavior 

Modify government insurance, subsidy, support, and incentive programs to influence farm-
level risk management strategies 

Forecasting and 
Planning 

Use climate forecasting to reduce production risk 

Develop early warning systems that provide daily weather predictions and seasonal 
forecasts 

Enhance emergency planning for operations at risk 

Develop flexibility to enable rapid responses 

Organizational 

Support farmer’s organizations 

Adopt Agricultural District Programs 

Develop and strengthen the relationships between farmers and agricultural support 
organizations and amongst support organizations 

Advocate for and support innovative policies that build agricultural resilience 

Education and 
Outreach 

Encourage or provide education in locally-relevant agricultural practices and technologies 

Provide technical support for risk management 

Conduct broad public education on the realities facing the agricultural sector 

Facilitate information exchange 

Initiate a collaborative communications strategy 

Educate urban people on the ecological and economic services farmers provide 

Research 
Support on-farm innovations and research 

Evaluate the implications of climate change on economics and food security 
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Barriers to Resiliency and Adaptation 

While there are numerous opportunities to improve agricultural resilience, several barriers exist in 
implementing solutions. As Lin (2011) writes, “a major challenge for the implementation of 
diversified agricultural systems for farmers is finding the appropriate balance of diversification 
within the farm system to satisfy both production and protection values.” 

Financial barriers can limit the ability of farmers to create and implement adaptation measures. 
The flexibility to adopt adaptation measures depends on the ability of farmers to finance those 
adaptation actions and to still be profitable. 

Financial systems like commodity payments, where payments are determined by acreage of crops 
produced, perpetuate monocrop forms of agriculture, limiting the ability of farmers to diversify 
their crops and farms (Lin, 2011). This problem of monocrop farms is further amplified by the 
increasing specialization of farm equipment and technology. As farmers increasingly grow only 
one type of crop, manufacturers are incentivized to produce highly specialized equipment, which 
in turn makes it more difficult for farmers to diversify their products (Lin, 2011).  Additionally, 
the rising costs of land, energy, and equipment present challenges to farmers at all levels (New 
Mexico First and New Mexico State University, 2017). 

Beyond financial barriers, programs like subsidies, disaster assistance, and tax policies reduce 
incentives for adaptation (Stabinsky et al., 2012). These regulations support or reimburse farmers 
after they face shocks (such as natural disasters or severe storms), making them less likely to 
support and implement adaptation actions. Other factors like social values and beliefs can make 
adaptation and resilience more challenging to achieve. For example, farmers that don’t view 
climate change as a risk to their farm, or that don’t believe climate change will occur, are far less 
likely to take any action to improve the resilience of their operations (Arbuckle et al., 2015). 
Additionally, “knowledge hierarchies” exist where scientific information and evidence tend to be 
viewed as more important than the knowledge of local farmers (Sumane, et al., 2018). This belief 
can lead to limited cooperation between agricultural communities and other stakeholders.  

Additionally, increased financial incentives to support farmers with the costs associated with 
adaptation can enhance the capacity to build resilience in agriculture (Roesch-McNally et al., 
2018). To overcome these barriers, support from local governments is crucial, as is public 
education to make the broader community aware of the difficulties facing the agricultural 
industry (Hammond et al., 2013).  
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4 APPLICABILITY TO ARAP 

As described in Section 1 (Introduction), the purpose of this Literature Review is, in part, to 
inform the development of an Agriculture Resilience Action Plan (ARAP) for the Clear Creek 
area of the Puyallup Watershed.  This section discusses the applicability of the findings of the 
Literature Review (presented in Section 4) to the Clear Creek ARAP process.  The nine key 
findings include: 

8. Literature on the impacts of development on agriculture describe the importance of avoiding 
regulations that place an unnecessary or unfair burden on agriculture.  The Clear Creek 
ARAP process should include a discussion of regulations that affect agricultural viability in 
the area and explore potential changes that could reduce the burden of those regulations. 

9. The Clear Creek ARAP should not be focused entirely on climate change.  It should consider 
a broader picture of agricultural resilience, including resilience to economic conditions, 
politics, development, and other factors that can affect agricultural viability. 

10. The Clear Creek ARAP should focus on adaptation to climate change, not mitigation.  
Agriculture is well suited to adaptation, and adaptation has been found to be more resonant 
for farmers than mitigation. 

11. Individual and collective on-the-ground actions can increase agricultural resilience, but the 
policy context is also a critical aspect of resilience.  The ARAP should also consider policy 
recommendations and collaborative partnerships to support agriculture, not just on-the-
ground actions. 

12. Agricultural resilience is dependent on ecosystem processes that provide services to 
agriculture.  Therefore, an integrated approach that considers ecosystem processes is a benefit 
to resilience.  The ARAP should consider multiple-benefit and integrated approaches and 
should continue to be linked to the Puyallup Watershed Floodplains for the Future initiative. 

13. While incremental, long-term changes in climate conditions will affect agriculture, the largest 
vulnerabilities are associated with extreme events (such as large floods or major droughts).  
Also, other adaptation efforts have found that farmers are more interested in planning that 
addresses extreme events than planning that addresses incremental changes.  The ARAP 
should consider and address extreme events. 

14. The Clear Creek ARAP should be careful to prioritize actions that promote sustainable 
adaptations (such as those that maintain natural and social capital and promote social self-
organization). The Clear Creek ARAP should not prioritize actions at odds with the general 
mission of FFTF.  

15. The ARAP should include funding strategies for actions, since the ability to fund adaptations 
is a major barrier to agricultural resilience. 
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16. The ARAP should consider whether any of the resilience actions listed in Section 4 would be 
beneficial to pursue in the Clear Creek area.  

17. The ARAP should consider actions that support collaborative partnerships and organizations 
that can support agricultural viability and resilience.
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5 ANNOTATED BIBLIOGRAPHY 

This section provides a short summary of the 34 articles included in this literature review. The 
articles are organized alphabetically.  Where the articles can be accessed online, hyperlinks have 
been provided. 

Arbuckle, J. Gordon, Linda Stalker Prokopy, Tonya Haigh, Jon Hobbs, Tricia Knoot, Cody 
Knutson, Adam Loy, et al. 2013. Climate Change Beliefs, Concerns, and Attitudes toward 
Adaptation and Mitigation among Farmers in the Midwestern United States. Climatic 
Change 117, no. 4: 943–50. https://doi.org/10.1007/s10584-013-0707-6. 

This research article examined the views and beliefs of farmers in the Midwest toward 
climate change as well as adaptation and mitigation actions. Researchers surveyed close 
to 5,000 farmers and found that a majority (66 percent) believed climate change was 
occurring, and that those who believed it was primarily caused by humans were more 
likely to support taking action. Also, researchers found that farmers are generally more 
supportive of actions based in adaptation and not mitigation. The authors recommend that 
outreach efforts are most effective when centered around adaptation, and framing 
discussions around adaptation is more likely to increase farmer engagement. 

Arbuckle, J. Gordon, Lois Wright Morton, and Jon Hobbs. 2015. Understanding Farmer 
Perspectives on Climate Change Adaptation and Mitigation: The Roles of Trust in Sources 
of Climate Information, Climate Change Beliefs, and Perceived Risk.  Environment and 
Behavior 47, no. 2: 205–34. https://doi.org/10.1177/0013916513503832.    

This research article examined Iowa farmers’ perceptions of climate change and their 
willingness to support adaptation and mitigation strategies. The authors found that 
farmers who perceived a greater, more tangible risk from climate change were more 
supportive of adaptation planning. The paper states that farming requires constant 
adaptation, much more so than most professions, making farmers “professional problem 
solvers.” This attribute can be used to develop strategies that appeal to farmers’ creative 
responses to the problems of extreme weather events. These types of strategies may prove 
to be effective avenues for adaptation actions and earning the support of the farming 
community. The researchers are from Iowa State University. 

Bennett, Elena M, SR Carpenter, LJ Gordon, N Ramankutty, P Balvanera, B Campbell, W 
Cramer, et al. 2014. Toward a More Resilient Agriculture. Solutions 5, no. 5. 

This research article examines the relationship between agriculture, climate change, and 
resiliency. This article describes agricultural resilience as a culmination of three 
components: persistence, adaptability, and transformation. Often times, policies and 
programs designed to encourage persistence attempt to insulate agriculture from the 
shocks that it faces, but in order to achieve resilience, agriculture needs to adapt to some 
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shocks, particularly if they are expected and recurring. In some instances, transformation 
is necessary when agricultural systems need to undergo dramatic change to adapt to new 
conditions.  The primary author is from McGill University. 

Bizikova, L., Waldick, R. and Patricia Larkin. 2017. Can we Measure Resilience? Reducing 
Agriculture’s Vulnerability to Climate Change.  

This article, published by International Institute for Sustainable Development, examined 
methods to measure agricultural resilience to climate change in Ontario, Canada. 
Indicators were developed to assess and diagnose planning efforts for policy makers. In 
total, 36 Indicators were developed and sorted into 6 categories: climate change; market 
and economy; farmland production activities; rural infrastructure; population; and natural 
environment. The indicators were used to identify specific vulnerabilities and gaps and to 
evaluate how effective certain adaptation actions were.  

Bramwell, Stephen G, Sarah Moorehead, Aslan Meade, Rebecca Sero, Sheila Gray, and Miles 
Nowlin. 2017. South Puget Sound Agricultural Producer Needs Assessment. 
http://extension.wsu.edu/thurston/wp-content/uploads/sites/12/2014/01/South-Sound-
Agricultural-Producer-Needs-Assessment.pdf?x90625  

This report, produced by the Thurston Conservation District, conducted a pre-assessment 
by reviewing existing information related to agriculture in Thurston County and used that 
analysis to determine whether or not more information was necessary.  The authors then 
conducted their assessment and spoke with producers in Thurston County to identify their 
existing needs. Five group meetings were held with producers and 17 one-on-one 
interviews were conducted. The authors utilized existing and established methods for 
soliciting feedback from groups that encouraged individual responses and minimized 
“group think.” The report identified three needs areas that stood out from the rest: market 
access (removing physical and social barriers to high value markets), access to productive 
resources (land/water), and regulations. The report summarizes each of the different 
needs areas identified by farmers as well as the possible implications for the long term 
viability of farming in the area. The report also compiled an initial list of existing 
programs that might begin to address some of the identified needs. 

Breslow, Sara Jo, Leah Kintner, Stacia Dreyer, Heather Cole, Leif Anderson, Kelly Biedenweg, 
Nathan Bennett, et al. 2019. Social Science for the Salish Sea: An action-oriented research 
agenda to inform ecosystem recovery. 

This report was prepared for the Puget Sound Partnership in response to the Partnership’s 
need for robust social science to inform their ecosystem recovery. To achieve this, a team 
of interdisciplinary practitioners and researchers from the U.S., Canada, and Indigenous 
Nations convened to develop a research agenda that serves to balance the needs of the 
regions ecosystem. The researchers and practitioners identified 33 main research topics, 
which they organized into four major ecosystem recovery goals with nine sub-goals. 
Among them, “How does, and will climate change impact the holistic health and well-
being of the Salish communities” was the recommended priority research topic. 
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British Columbia Agriculture & Food Climate Action Initiative. 2013. Regional Adaptation 
Strategies Series: Delta. www.BCAgClimateAction.ca  

This planning document address efforts to overcome the risk to agriculture in the Delta 
region of British Columbia as a result of climate change. Agriculture in this region faces 
many pressures, including increasing development, farm drainage issues, and salt water 
intrusion. The article discusses projected future climate scenarios, the effects of those 
scenarios, and the potential impacts on agriculture. For example, future conditions are 
expected to be warmer, which will increase variability in the growing season, which will 
likely lead to inconsistent productivity for local farmers. The article also identifies 
different impact areas, and identifies goals, strategies, actions, and partners to address 
projected future impacts.  

Carlson, T. and Dierwechter, Y. 2007, Effects of Urban Growth Boundaries on Residential 
Development in Pierce County, Washington. The Professional Geographer, 59(2) 2007, 
pages 209–220. 

This scholarly article, written by Tom Carlson and Yonn Dierwechter of the University of 
Washington, discusses the geographical effects of residential development and urban 
growth boundaries (UGBs) in Pierce County. The researchers utilized Pierce County 
residential building permit data from 1992 to 2001. It was found that after 1995, when the 
UGBs were established, there was a decrease in growth outside of UGBs and a steady 
increase of growth within them. 

Cole, Heather, and Jamie Roberston. 2018. A New Tool for Farmers in a Changing Climate. 

This article describes a new tool produced by The Nature Conservancy and the UW 
Climate Impacts group that allows farmers to visualize future flood risk in Snohomish 
County. This tool has shown farmers that the uncommon (large) flood events of the past 
are likely to become the common flood events in the future. The tool has potential to 
inform resilience and design actions in the future.  

Farming First.  Farming First Policy Paper: Climate Change.  2014.  Available online at: 
https://farmingfirst.org/wordpress/wp-content/uploads/2014/07/Farming-First-Policy-
Paper-Climate-Change.pdf.  . 

This policy paper was developed by Farming First, a global coalition for sustainable 
agricultural development.  The short policy paper affirms that agriculture is an important 
part of climate mitigation and adaptation and that farmers should be involved in climate 
strategies.  The paper lays out six principles: safeguard natural resources; share 
knowledge; build local access and capacity; protect harvests; enable access to markets; 
and prioritize research imperatives. 

Food and Agriculture Organization of the United Nations. 2016. Increasing the Resilience of 
Agricultural Livelihoods. Food and Agriculture Organization of the United Nations, 2016, 
20. 



Environmental Science Associates 

Farming in the Floodplain Project – Literature Review 

Farming in the Floodplain Project 20 ESA / D.181179 

Literature Review April 2020 

This report documents the strategies used by the Food and Agriculture Organization of 
the United Nations to increase resiliency in agriculture systems of developing countries 
around the world. The article states that for resilience to be successful, there must be 
sufficient disaster risk planning, a robust monitoring program to predict potential shocks 
to systems, and risk reduction policies and practices to help reduce the impact of shocks 
on agriculture systems.  

Georgiadis, Nicholas. 2019. Enhancing the Resilience of Puget Sound Recovery: A Path through 
the Maze of Resilience Thinking.” Encyclopedia of Puget Sound. 

This article provides a comprehensive overview of resilience thinking and discusses its 
applications in Puget Sound recovery efforts.  The report focuses on enhancing resiliency 
efforts related to the Puget Sound Partnership Action Agenda and includes a list of 
questions to consider when implementing resilience principles in recovery efforts.  

Globalwise, Inc. 2016. A Fresh Look at Pierce County Agriculture Technical Memorandum #4 – 
Success Factors for Pierce County Agriculture.  

This document is part of a series of technical memoranda prepared for Pierce County as 
part of the Agricultural Resource Lands Study. It addresses the challenges and keys to 
success for small and large scale farms within Pierce County. The memorandum focus on 
reasons why growers were successful in the past and examines if those practices can keep 
agriculture growing or if new factors are needed to help the industry grow. 

Hammond, B., Berardi, G. & Green, R. 2013. Resilience in Agriculture: Small- and Medium-
Sized Farms in Northwest Washington State, Agroecology and Sustainable Food Systems, 
37:3, 316-339, DOI: 10.1080/10440046.2012.746251 

This scholarly article was written by Bryant Hammond and Rebekah Green from the 
Resilience Institute at Western Washington University (WWU) in Bellingham, 
Washington, and Gigi Berardi, professor of Environmental Studies at WWU. The 
research focused on farmer feedback on the opportunities and challenges that disturbance 
scenarios such as climate change, flooding, urbanization and energy price spikes 
presented in northwest Washington (Whatcom, San Juan and Snohomish County). 
Workshops with farmers within each county were conducted to identify adaptive 
strategies to increase farm resilience. 

Hatfield, J, P Backlund, L Lengnick, E Marshall, M Walsh, S Adkins, M Aillery, et al. 2013. 
Climate Change and Agriculture in the United States: Effects and Adaptation. USDA 
Technical Bulletin 1935, 186 pages. https://doi.org/10.1017/CBO9781107415324.004. 

This study published by the USDA examines climate change and agriculture throughout 
the United States. It looked specifically at the impacts of climate change on agriculture 
and strategies for adaption. Adaption measures vary from farmers adjusting to more 
variable weather patterns to potential adjustments in the international trade of food. Due 
to the ability of the U.S. agriculture system to engage in adaptive behaviors, agriculture is 
expected to remain resilient in the short term. However, in the long term, increasing 
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temperatures and changes in precipitation are expected to lead to a decline in the 
agriculture industry. 

Howden, M. S., Soussana, J., Tubieel, F. N., Chhetri, N., Dunlop, M., Meinke, H. 2007. Adapting 
Agriculture to Climate Change. The National Academy of Sciences of the USA. 50(8). 
19691-19696. doi10.1073pnas.0701890104 

This article, published by the National Academy of Sciences, outlines the 
increasing need for agricultural adaption to climate change. The article outlines 
some of the possible adaption measures for cropping, forestry, fisheries and livestock 
systems. The article also discusses some of the general pathways that can make adaption 
options more practical. 

Kenny, Gavin. 2013. Adaptation in Agriculture: Lessons for Resilience from Eastern Regions of 
New Zealand. Climatic Change 106, no. 3: 441–62. https://doi.org/10.1007/s10584-010-
9948-9.  

This scholarly article, written by Gavin Kenny from Earthwise Consulting Limited, 
identifies the challenges that climate change poses for farmers. The article explores the 
idea of smart farmer adaption based on eight years of farmer engagement. The research 
found that there is already sufficient knowledge and experience for real-world smart 
farmers to adapt to a changing climate.  

Lin, Brenda B. 2011. Resilience in Agriculture through Crop Diversification: Adaptive 
Management for Environmental Change. BioScience 61, no. 3 183–93. 
https://doi.org/10.1525/bio.2011.61.3.4. 

This scholarly article identifies the need to build agricultural resilience against climate 
change. Implementing crop diversification is a cost effective method to build agricultural 
resilience. Benefits from diversifying crops include the ability to suppress pest outbreaks 
and pathogen transmission, which may worsen over time with climate change. 
Historically, adoption of this practice has been slow due to biotechnology strategies and 
the use of monocultures instead of diversified systems, however, it is important to note 
that monocultures are rare in the Puyallup Valley.  

Mauger, G.S., J.H. Casola, H.A. Morgan, R.L. Strauch, B. Jones, B. Curry, T.M. Busch Isaksen, 
L. Whitely Binder, M.B. Krosby, and A.K. Snover. 2015. Section 8 How will Climate 
Change Effect Agriculture. State of Knowledge: Climate Change in Puget Sound. Report 
(pp8-1 - 8-10) doi:10.7915/CIG93777D 

This document, a section of the State of Knowledge: Climate Change in Puget Sound 
Report written by the Climate Impacts Group (CIG) at the University of Washington 
(UW), examines the effects of climate change on agriculture in the region. Impacts on the 
agriculture system will vary by production type, but the sustainability of some crops will 
increase while others will decrease.  

Morton, L. W., G. Roesch-McNally, and A. K. Wilke. 2017. Upper Midwest Farmer Perceptions: 
Too Much Uncertainty about Impacts of Climate Change to Justify Changing Current 
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Agricultural Practices. Journal of Soil and Water Conservation 72, no. 3: 215–25. 
https://doi.org/10.2489/jswc.72.3.215  

This article, written by researchers from Iowa State University and the USDA Northwest 
Regional Climate Hub, reviews the impacts of uncertainty around climate change on the 
actions of farmers in the upper Midwest to adapt their practices to expected future 
conditions. The authors found that the majority (90 percent) of farmers surveyed felt that 
there was too much uncertainty around the impacts of climate change to justify a change 
in their actions. This uncertainty comes from insufficient information and is influenced 
by personal beliefs. The authors also found that when making decisions under 
uncertainty, farmers look to their trusted social networks and information providers. 
Utilizing these networks can assist with disseminating technical and scientific 
information to farmers. 

Mottram, A., E. Carlberg, A. Love, T. Cole, W. Brush, and B. Lancaster. 2017. Resilience Design 
in Smallholder Farming Systems: A Practical Approach to Strengthening Farmer Resilience 
to Shocks and Stresses.  

This report primarily focuses on strategies for building resilience in agriculture systems 
of developing countries. The report summarizes the “Resilience Design” approach, where 
farmers design their farms to optimize resources in response to external threats like 
climate change. The strategy is focused on enhancing ecosystem services and other 
factors like energy efficiency, skills, nutrition, and the adaptability of small farmers. 

Muir, D. 2019.  Draft Potential Agriculture Related Policy and Regulatory Issues. 

This document, developed for the Pierce County Agriculture Advisory Committee, is a 
running list of issues relating to agricultural policy and regulatory issues in Pierce 
County. Issues were identified though engagement with stakeholders including farmers 
and business owners, the Agriculture Advisory Committee, the King-Pierce Farm 
Bureau, WSU Puyallup (including the FFP team) and Pierce County Staff.  

New Mexico First and New Mexico State University.  2017.  Resilience in New Mexico 
Agriculture Strategic Plan.   

This strategic plan was developed by New Mexico First and New Mexico State 
University with input from over 600 stakeholders.  The plan addresses four topics: the 
next generation of farmers and ranchers, water and land use, the agricultural supply 
chain, and agricultural economic viability.  The plan includes three activities: reforms to 
strengthen agricultural resilience, support for the industry from policymakers and 
stakeholders, and improved understanding the public about the value of agriculture to 
New Mexico’s future.  The conversation about water in the plan is mostly focused on 
water supply for irrigation. 

Pierce County. 2006. Preserving Farmland and Farmers Pierce County Agriculture Strategic Plan. 
January 2006.  
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The 2006 Pierce County Agriculture Strategic plan provides a comprehensive analysis of 
agriculture in Pierce County and identifies weaknesses and threats facing the agriculture 
community and industry. Many of the pressures identified in this plan continue to impact 
agriculture today, including high land cost and development pressure.  Growing 
conditions, proximity to a large market base, and rising demand for locally grown 
products were identified as key strengths for the region.  The report also includes 
information on farmers’ perceptions. For example, 70 percent of farmers surveyed felt 
that local government is not supportive of agriculture. The authors recommended a 
variety of actions for the County to pursue as an effort to support the agriculture industry 
including strengthening land use protections, updating tax incentives, adopting a Food 
Policy for the county, fostering the entry of new farmers, and others. 

Roesch-McNally, Gabrielle E., J. G. Arbuckle, and John C. Tyndall. 2018. Barriers to 
Implementing Climate Resilient Agricultural Strategies: The Case of Crop Diversification 
in the U.S. Corn Belt. Global Environmental Change 48, no. May 2017 (2018): 206–15. 
https://doi.org/10.1016/j.gloenvcha.2017.12.002. 

This research article focuses on the implications of crop diversity on building resilience, 
particularly against insects, weeds, and disease. The geographic focus of this article is in 
the U.S. Corn Belt (upper Midwest and Great Lakes region). The article examines what 
influence the use of crop diversity, the challenge of implementing diverse crop systems, 
and how increased weather variability might impact the desire of farmers to pursue crop 
diversity. The authors found that implementing greater crop diversity might be difficult 
because farm technologies are becoming more specialized and because encouraging this 
practice would require large changes in policy and actions. While these conclusions are 
applicable to this study, the potential for increased crop diversity may be stronger in the 
Puyallup Watershed as many of the farms surveyed in this study were large, industrial 
scale operations (greater than 80 acres in size). 

Sawicka, Barbara. 2019. Resilient Agricultural Practices. https://doi.org/10.1007/978-3-319-
69626-3_42-1. 

This scholarly article was written by Barbara Sawacki from the Department of Plant 
Production Technology and Commodities Science, University of Life Sciences in Lublin. 
The article focuses on achieving agricultural resilience to climate change and other 
threats in developing countries. The article examines how to balance producing food, 
dealing with uncertainty, managing natural resources and providing income and 
livelihood for farmers. It identifies resilient agricultural practices from around the world 
on topics that include pest management, soil fertility, crop diversification, technology, 
and policy development. 

Smit, Barry and Mark W. Skinner.  2002.  Adaptation Options in Agriculture to Climate Change: 
A Typology.  Mitigation and Adaptation Strategies for Global Change. 7: 85-114, 2002. 

This scholarly article reviews studies of climate change vulnerabilities and adaptation for 
agriculture and presents a typology of adaptation options.  The article focuses mostly on 



Environmental Science Associates 

Farming in the Floodplain Project – Literature Review 

Farming in the Floodplain Project 24 ESA / D.181179 

Literature Review April 2020 

Canada, but the contents are not necessarily specific to Canada.  The article identifies 
four main categories of adaptation options: technological developments, government 
programs and insurance, farm production practices, and farm financial management. 

Stabinsky, Doreen, and Lim Li Ching. 2012.Ecological Agriculture, Climate Resilience and 
Adaptation - A Roadmap. Development Dialogue.  

This article provides a review of the projected impacts on agriculture from climate 
change and of potential strategies to address and respond to these threats. The article 
primarily focuses on agricultural systems in the developing world and provides a 
framework for achieving climate resilience in agriculture. 

Šūmane, Sandra, Ilona Kunda, Karlheinz Knickel, Agnes Strauss, Talis Tisenkopfs, Ignacio des 
Ios Rios, Maria Rivera, Tzruya Chebach, and Amit Ashkenazy. 2018. Local and farmers’ 
knowledge matters! How integrating informal and formal knowledge enhances sustainable 
and resilient agriculture. Journal of Rural Studies, 59, 232–241. 
https://doi.org/10.1016/j.jrurstud.2017.01.020 

This scholarly article, published in the Journal of Rural Studies, examines the importance 
of farmer and local knowledge when developing agricultural resilience and sustainability. 
Historically, local knowledge has been ignored in favor of formal knowledge provide by 
institutions and governmental bodies. The study examined eleven case studies from 
around the world and found that engaging in local knowledge provided economic 
benefits, helped to build farmer communities, and created less environmental pressures 
than agricultural practices that relied on formal knowledge. 

Tompkins County Soil & Water Conservation District. 2014. Tompkins County SWCD Five 
Year Agricultural Environmental Management (AEM) Strategic Plan: 2014-2019. 

This strategic plan was developed for the agricultural community in Thompson County in 
New York State. The planners used a stakeholder process to identify concerns facing 
farmers in the area, particularly runoff concerns related to nutrient pollution, pathogens, 
and sedimentation.  The plan then identified farms located in priority watersheds where 
runoff was a significant concern. After they were identified, the farms were then 
prioritized based on the degree of impact that implementing best management practices 
would have on improving runoff conditions at that farm and on nearby water bodies. 

U.S. Climate Change Science Program. 2008. The Effects of Climate Change on Agriculture, 
Land Resources, Water Resources, and Biodiversity in the United States. 

This extensive report, produced by the federal government, provides a thorough 
explanation of the project impacts of climate change an agriculture and other resources 
throughout the United States based on a summary of literature sources. The report 
discusses impacts from a warmer climate, projected future impacts of climate change, the 
potential loss of ecosystem services, and the ineffectiveness of monitoring systems to 
track the impacts of climate change. The article also discusses the implications associated 
with warmer temperatures: a longer growing season, increased heat stress, changes in 
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precipitation, and increased evaporation. It is important to note that this report was 
produced in 2008, and some of the information may be outdated and less relevant than 
more recent findings or predictions. 

Washington State Department of Agriculture (WSDA). 2016. WSDA Strategic Plan 2016-2021. 
Updated 2018. 

This strategic plan was developed by the WSDA for the state of Washington. Agriculture 
viability in Washington depends on producers, processers, consumers, and plentiful 
natural resources. The plan outlines four goals: (1) to carry out their mission efficiently; 
safely and effectively; (2) to be consistently focused on customers and their satisfaction; 
(3) to have effective, consistent and transparent regulations implemented; and (4) to have 
effective partnerships and relationships. 

Washington State Department of Agriculture (WSDA). 2019. Washington Agriculture Strategic 
Plan 2020 and Beyond. 

This strategic plan was developed by the WSDA as road map for the future of agriculture 
in Washington. In 2007, WSDA was directed by the Legislature to conduct an evaluation 
of the strengths, opportunities, weaknesses, and threats to agriculture in the state. This 
plan reports the on the recommendations provided by the agricultural community to keep 
agriculture viably for years to come. Recommendations were sorted into five categories: 
making agriculture a priority, eliminating regulatory barriers, protecting resources, 
strengthening supportive services, and harnessing emerging operations.   

Whatcom County Planning & Development Services. 2011.Whatcom County Agricultural 
Strategic Plan. 

This strategic plan was developed by the Whatcom County Agricultural Advisory 
Committee to strength the agricultural economy within the county. The main objectives 
of the plan are to (1) ensure at least 100,000 acres of land are kept available for 
agricultural uses; (2) create and maintain land and water regulations and programs that 
are effective, benefit agriculture; (3) ensure that the public and agricultural community 
have a voice in planning; and (4) be able to measure the progress towards these 
objectives. 
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