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ABSTRACT 

Local food movements are growing in popularity across the United States. Communities are 

interested in gaining more control over their food choices and food sources. Northwest 

Washington is one area where multiple communities are concerned with their food choices. Over 

the last 10 years, communities have invested increasing amounts of resources and energy in 

growing grains in San Juan, Skagit, and Whatcom counties rather than importing all their grain 

from Eastern Washington. This study examines how grain agriculture has changed both 

climatically and culturally in Northwest Washington since the late 19th century. To address this 

knowledge gap, climatic factors, like temperature, are analyzed to understand how the climate 

has changed and will change in the future. Further, this research explores the impact that local 

communities have on grain agriculture and local food systems in Northwest Washington. My 

findings suggest that community interest in local grains is increasing, leading to larger 

investment in local, small farms and businesses using local grains. However, many farmers and 

bakers are concerned with the longevity of this movement in the face of climate change, unsure 

of how production will be affected by changing temperatures and precipitation. This aligns with 

climatic models that suggest decreasing climatic suitability for optimal growth thresholds for 

winter wheat in Northwest Washington.  
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1. INTRODUCTION  

Across the United States, many communities are becoming increasingly interested in local food 

movements, which give individuals more control over what they eat and where their food comes 

from (Brinkley, 2017; Béné et al., 2019;). These movements emphasize better social connections 

between food producers and consumers within local communities, more resilient and sustainable 

agricultural systems, reduced greenhouse gas emissions related to food transportation, and 

increased economic activity that directly benefits people from the area rather than export-focused 

industrial operations (Selfa & Qazi, 2005; Brinkley, 2017; Béné et al., 2019). Local food 

movements have primarily focused on fruits, vegetables, and animal products, but some 

communities are starting to focus on cereal grains, especially wheat, as it is a staple crop that 

makes up a large part of many people’s diets in the United States (Hills et al., 2013). One area 

that has shown interest in expanding local grain production systems in Northwest Washington 

(Hills et al., 2013). 

Today, Eastern Washington is known as a prime grain growing region, but both Eastern 

and Western Washington were historically considered to be excellent for grain agriculture 

(Rowe, 2018). In the past few years, more farmers have started growing grains for food rather 

than feed on the western side of Washington state (Hills et al., 2013; Winkler et al., 2016). This 

represents a resurgence of traditional agricultural practices, as grains were a common part of the 

mix of crops grown on many farms in western Washington during the early 20th century 

(Winkler et al., 2016). As technology and American ideologies changed through both World 

Wars, it became less common for farmers to grow a mix of crops. Many chose to stop growing 

grains, as the Eastern side of the state began to focus on field crops. Since then, Northwest 

Washington, or San Juan, Skagit, and Whatcom counties, has not commonly produced grains on 
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a large scale (Figure 1). Instead, many farmers have chosen to focus on fruits and vegetables 

(Dimitri et al., 2005).  

 

Figure 1: Northwest Washington study area map. 

Farmers’ decisions about which crops to grow are based on a complex and interactive set 

of cultural and physical factors, including economic incentives, climatic and edaphic limitations 

of crops, and social norms. Both the mid-twentieth century decrease in grain agriculture and the 

recent resurgence of interest in grain crops in western Washington have likely occurred in 

response to some mix of changing cultural and/or climatic conditions.  What physical, cultural, 

and historical factors that have contributed to both the past decrease and recent increase interest 

in grains in San Juan, Skagit, and Whatcom counties? To date, there has been no comprehensive 

analysis of these factors for this region. In addition, while the general trends in grain agriculture 

are known, there is no readily available source of detailed geospatial data that can be used to 

visualize and spatially analyze the changing extent and locations of grain agriculture over the 

20th and early 21st centuries. This knowledge gap hampers our understanding of historical and 

current patterns of shifting agricultural grain production in the region. 



 
 

The purpose of this study is to explore both the motivations of grain farmers and local 

bakers, as well as the biophysical suitability of local lands for grain agriculture. I used a mix of 

interviews, historical records, and spatial analyses of climate, soil, and land use zoning records to 

explore the socio-ecological factors influencing farmers’ decisions regarding grain agriculture in 

San Juan, Skagit, and Whatcom counties. I focus specifically on wheat agriculture because wheat 

is a staple crop across the world, yet many Americans lack an understanding of both the 

importance and growth processes of wheat crops (Hills et al., 2012). Wheat research is popular, 

with researchers seeking to find ways to increase yields as climate change continues to alter the 

availability of food resources world-wide (Curtis & Halford, 2014).  

The combination of both qualitative and quantitative analyses helps increase awareness 

and understanding of how and why the prevalence of grain farming has changed over the 20th 

and early 21st centuries. In a time of changing availability of staple crops, local food movements 

can be an integral part to countering food insecurity (Curtis & Halford, 2014). To understand 

both the physical extent and modern interest in grain growing, I pose the following questions: 

1. How and why has the extent of grain agriculture changed in Northwest Washington since 

the early 20th century? 

a. Which areas of Northwest Washington have suitable climate and soil conditions 

for growing grains in Northwest Washington currently and in the future? 

b. Where and why are farmers bringing grain agriculture back to Northwest 

Washington? 

1.1 History and Culture 

Settlement in Northwest Washington was highly encouraged by the United States 

government in the late 1800s and early 1900s. As homesteading gained traction in the Western 
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states, numerous handbooks and guides were published regarding settlement, farming, and 

culture, indicating a positive outlook on living west of the Cascades (Brockett, 1882). Becoming 

a farmer in Northwest Washington was considered an excellent career path because of the fertile 

lands, increasing yields, and potential profits (Brockett, 1882). Grains and fruits grew 

particularly well, generating a healthy profit for families (Brockett, 1882). These grain crops 

include barley, oats, wheat, and more. 

Because of the push to settle in the West, the number of farms and families living in 

Northwest Washington grew quickly in the late 19th and early 20th centuries (Ellis, 1978). This 

activity stimulated the job market and economy, allowing for trade and sales (Ellis, 1978; Chiang 

& Reese, 2002; Daniels, 2005). This was especially successful when coupled with other 

profitable industries in the area, like logging (Ellis, 1978; Chiang & Reese, 2002; Daniels, 2005). 

For example, both the number and acreage of farms increased in the Skagit Valley through the 

1950s (ECONorthwest, 2010). San Juan County followed suit, increasing nearly 50% over 40 

years, from 338 farms in 1900 to 497 in 1940 (Dwyer, et al., 1956). In 1959, Whatcom County 

had around 3,000 farms with almost 12,000 acres of these farms being devoted to small grains 

(Dimitri et al., 2005). These farms were mostly small and under 1,000 acres, especially in San 

Juan County (Dwyer, et al., 1956). 

However, due to the large amount of acreage being given away, lands became 

increasingly scarce (Ellis, 1978). These lands were also seen as less desirable because they were 

far away from existing infrastructure, like railroad lines (Allen, 1991; Sneddon, 2008; Edwards, 

2009). Many families felt isolated from larger infrastructure and struggled with the difficulties of 

the new environment, lack of communal support, and farm life in general (Chiang & Reese, 

2002; Dimitri et al., 2005). Adding to this difficulty, fraudulent claims were extremely common, 
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so much of the land did not actually go to new farmers (Allen, 1991; Edwards, 2009). As a 

result, many families chose to either leave the area or stop farming altogether, with many men 

choosing to pursue work in other popular industries, like logging, to survive during the Great 

Depression (Dimitri et al., 2005).  

Adding to the difficulties of homesteading in this region, technological advances during 

World War I and World War II introduced tools like motorized vehicles and chemical fertilizers 

(Winkler et al., 2016). These new technologies increased productivity and efficiency, especially 

on farms, but there were also repercussions from the United States investing in these 

technologies (Hendrickson & James, 2005). If farmers were interested in remaining small, using 

minimal technology, and not specializing on only a few, specific crops, they would often 

struggle to compete against the farms choosing to utilize new methods for farming (Dimitri et al., 

2005; Hendrickson & James, 2005). Many farms were consolidated or simply disappeared as the 

focus of agriculture began to shift to trade and large amounts of sustenance (Dimitri et al., 2005; 

Hendrickson & James, 2005). This was supported by the United States government; Secretary of 

Agriculture Ezra Taft Benson, who assisted President Eisenhower, adamantly supported non-

restricted agriculture, with a focus on separation from governmental-supported agricultural 

systems (Benson, 1962). 

To meet the changing expectations of the United States agriculture industry, many 

farmers began to specialize in certain crops or livestock, rather than growing a little bit of 

everything (Winkler et al., 2016). This is especially evident when looking at livestock feed 

purchases: farmers in the beginning of the 20th century purchased considerably smaller amounts 

of grains to feed livestock than they did in the mid-20th century (Winkler et al., 2016). In 

addition, due to consolidation of grain agriculture to the Midwest, Washington farms tended to 
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change their focus crops to vegetables or fruit, so grain growth decreased significantly (Meinken, 

1953). For farmers that were extremely discouraged by this changing landscape, many chose to 

find careers in other industries, like logging, as the technological advances that hurt the farming 

industry in Northwest Washington boosted the logging industry (Chiang & Reese, 2002). One 

example of this is the railroads, as they allowed for easy transportation of the logged trees 

(Chiang & Reese, 2002). Many communities formed around logging mills, with most of the 

families in the community relying on the logging industry to support themselves (Daniels, 2005). 

This industry was not immune to the fluctuations in economy, but it was a viable alternative to 

growing crops in this region (Daniels, 2005). Interest in the logging industry combined with 

decreasing support from the U.S. government and technological advances, resulting in declining 

rates of homesteading and farming in Northwest Washington. 

1.2 Climatic Needs of Wheat 

Wheat (Triticum aestivum L.) grows best in specific climatic conditions. Wheat is sown 

either in the Fall or in the Spring, depending on the variety (Miles, 2009). Winter wheat is 

typically planted in the Fall, lying dormant in the winter after initial growth in Fall (Sacks et al., 

2010). In Washington, a mid-latitude area, temperatures tend to be moderate, with wheat crops 

experiencing both cold and warm temperatures (Sloat et al., 2020). This works well with the 

necessary temperature requirements of wheat, as both cold and warm temperatures are required 

for growth (Wiersma et al., 2006).  

Suitable ranges for precipitation and temperature have been quantified and published for 

both optimal growth and absolute thresholds (Sys et al., 1993; Porter & Gawith, 1999). Because 

wheat has a long history of cultivation, farmers and researchers alike have been able to explore 

how the crop responds to extreme temperatures, as well as how wheat yields are affected by 
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specific temperatures and precipitation levels (Pomeroy & Fowler, 1973; Drozdov et al., 1984; 

Porter & Gawith, 1999). In addition, these researchers have analyzed how these outside factors 

affect the different growth stages of the crop, including photosynthesis rates (Hunt et al., 1991; 

Blum & Sinmena, 1994; Porter & Gawith, 1999). By combining this research, Porter & Gawith 

(1999) have provided a foundation for multiple researchers exploring the thresholds for both 

absolute and optimal wheat growth. 

Temperature is a main limiting factor for growing cereal grains in Northwest Washington 

(Zabel & Mauser, 2014). Because of the mild seasons, it may not get warm enough to facilitate 

optimal growth in the spring and summer (Miles, 2009; Meints et al., 2021). In the winter, there 

is a risk of the temperature not getting cold enough for vernalization to occur in winter wheat 

(Miles, 2009; Meints et al., 2021). However, even if temperatures are not in optimal thresholds, 

wheat can still grow within the absolute thresholds (Sys et al., 1993; Sloat et al., 2020). The crop 

may not have as high of a yield if it was grown in perfect conditions, but it will grow (Sloat et 

al., 2020). Due to climate change, surface air temperature has increased, which may lead to 

higher rates of growth during the summer, but decreased chances of successful vernalization in 

the winter in Northwest Washington and nearby areas (Zhu et al., 2019). 

The level of acceptable precipitation for growing wheat is variable, as many crops can 

receive necessary water through irrigation (Tavakkoli & Oweis, 2004). This means that while 

there are recommended amounts of water that wheat should receive, wheat agriculture is not 

entirely dependent on precipitation (Tavakkoli & Oweis, 2004). More water is needed while the 

crop is still growing, as warm, dry conditions are more suitable for the final stages of growth for 

wheat to reduce moisture-related disease (Sys et al., 1993). Because of the availability of 
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irrigation, as well as precipitation levels that fall within an acceptable range for wheat, 

precipitation is not the main limiting factor to grow wheat in Northwest Washington. 

1.3 Best Soils for Wheat 

 While wheat can be grown in most soils, loamy soils with good water drainage are 

considered excellent for growing wheat (Lemus, 2017). These are medium-grain soils that can 

hold their structure while also allowing for water absorption and drainage, as well as root 

development below-ground (Herbert, 1982; Griffee, 2017). Wheat can also grow well in moist 

soils, like clay-rich soils, but still needs some water drainage (Havilah, 2011). Therefore, soils 

that meet the criteria should be able to facilitate wheat growth. 

2. METHODS 

2.1 Study Area 

San Juan, Skagit, and Whatcom Counties are in the northwestern part of Washington. 

Washington State’s climate and ecology vary greatly across space (Washington Native Plant 

Society [WNPS], 2019). The Cascade Mountain Range creates a natural climatic divide between 

the western and eastern sides of the state through its influence on precipitation and wind 

direction. The Western side of the state has wet, mild winters and cooler summers with varying 
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levels of precipitation (Western Regional Climate Center [WRCC], 1985). Within Washington 

State, precipitation is spatially variable due to the diverse local topography (Figure 2).  

 

Figure 2: Map of the Mean Annual Precipitation from 1991 - 2020 in Washington State. Map from the PRISM Climate Group at 
Oregon State University (2022). 

Much of Western Washington is within the Köppen climate types Csb and Cfb, which are 

both temperate coastal Mediterranean climate types (Chen & Chen, 2013; Peel et al., 2007; 

Pierson, 1947). This climate type causes Skagit, Whatcom, and San Juan counties to have milder 

winters with less precipitation and dry, warm summers (Figure 3) (LandScope Washington, 

n.d.c.; Peel et al., 2007). Temperatures are generally mild year-round, which is due to the 

proximity of the Pacific Ocean (Pierson, 1947). Precipitation is generally highest on the Olympic 

Peninsula, which boasts a temperate rainforest biome type. Areas like the San Juan Islands fall 

inside of the rain shadow cast by the Olympic Mountains, causing the islands to be drier than 

other neighboring counties despite also being in the Puget Trough ecoregion (WRCC, 1985). 
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Eastern Washington is semi-arid, with warm summers, cold winters, and less precipitation 

overall compared to Western Washington (WRCC, 1985; WNPS, 2019).  

 

Figure 3: Map of average annual temperature from 1991 - 2020 in Northwest Washington. 

Formed from glacial activity, rocks, and volcanic eruptions, soils in Washington State 

vary greatly in conjunction with topography (Sievers & Holtz, 1924; Hipple, 2011). Some of this 

variation includes soil content, parent material, and age of soil (Hipple, 2011). Due to the large 

variety of soil types, farmers cultivate numerous crops across the state (Hipple 2011, Awale et 

al., 2017). Unfortunately, soil health is declining from heavy agricultural usage, leading to efforts 

to increase soil health and alter agricultural practices and management (Awale et al., 2017). 

2.2 Agricultural Census Data Collection 

The United States Department of Agriculture National Agricultural Statistics Service 

(NASS) collects data from farmers across the country, documenting “land use and ownership, 

operator characteristics, production practices, income and expenditures” (NASS, n.d.). While 

originally the census of agriculture was taken with the decennial census, it was taken in years 

ending in the numbers 4 and 9 from 1954 - 1979 (United States Census Bureau [USCB], 2022). 

Now, the agricultural census is taken in years ending with the numbers 2 and 7 (USCB, 2022).  
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Unfortunately, the agricultural census is not always easily accessible for certain time 

periods and locations. Prior to 1925, only agricultural census bulletins are available for specific 

Washington counties, which were often preliminary results of the official census (USCB, 2021). 

These bulletins are also not always readily available, as they were often subject to change, 

correction, and incorporation into the main census at any time (USCB, 2021). For my research, I 

focused on 4 bulletin years with clear data that could be compared to the later census years 

(Table 1).  

Census Years Bulletin Years 

• 1925 

• 1930 

• 1935 

• 1940 

• 1945 

• 1950 

• 1954 

• 1959 

• 1964 

• 1969 

• 1974 

• 1978 

• 1982 

• 1987 

• 1992 

• 1997 

• 2002 

• 2007 

• 2012 

• 2017 

• 1889 

• 1900 

• 1910 

• 1920 

Table 1: Census and bulletin years for the Census of Agriculture. 

Historical agricultural censuses and bulletins, including the most recent agricultural 

census in 2017, are an excellent way to compare agriculture output across multiple years (NASS, 

n.d.). However, while these reports are designed to be comparable, there are a few data quality 

issues with census data (Steckel, 1991). These issues can include incorrect counting, accidental 

omission of farms or farmers, changing collection methods, and numerical errors from data input 

to analysis (Steckel, 1991). Thankfully, NASS is aware of these sources of errors, and releases a 
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“coefficient of variance” to transparently share how reliable the census data is for that year 

(NASS, n.d.) This means that the data is accurate enough to use and compare across years.    

I collected data from each census and bulletin year for Washington with the help of a 

research assistant and compiled the data in an Excel spreadsheet. To ensure consistency in 

analysis and data collection, specific cereal grain crops were included from each year (Table 2). 

As many cereal grain crops as possible were included to get a clearer picture of how many cereal 

grains are being grown in the study area. 

Crops Included Years 

Barley, Buckwheat, Indian Corn, 

Oats, Rye, and Wheat 

1889 to 1945 

Barley, Buckwheat, Corn for grain, 

Oats, Rye, Triticale, and Wheat 

1950 to 2017 

Table 2: Crops included from the Census of Agriculture in my analysis. 

2.4 Climatic Data Collection 

To understand the climatic conditions that wheat has been grown in both historically and 

in modern times, high-resolution climate data were needed. I used the program ClimateNA 

(Climate North America) to download historical climatic data. ClimateNA statistically 

downscales PRISM data grids to a scale-free version that covers the entirety of North America 

(PRISM Climate Group, 2014; Wang et al., 2016). To capture changes across the 20th century, I 

downloaded 30-year climate Normals from 1901 – 1930, 1931 – 1960, 1961 – 1990, and 1991 – 

2020. For future analysis, I downloaded a 20-year CMIP6 SSP126 projection from 2021 – 2040. 

To get climate data, I input 30x30m resolution Digital Elevation Models (DEM) from the 

United States Geological Survey ([USGS], 2022) in ASCII format in the ClimateNA program. 
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The program used these elevation values to statistically downscale interpolated climate variable 

surfaces and output ASCII files including 60 monthly variables (Table 3). For my analysis, I 

focused on minimum and maximum temperature variables for each month.  

Variables Meaning 

TMIN01 – TMIN12 Minimum temperature per given month 

TMAX01 – TMAX01 Maximum temperature per given month 

TAVE01 – TAVE12 Average temperature per given month 

Table 3: ClimateNA Variables used for my climate analysis. 

In addition, The National Oceanic and Atmospheric Administration (NOAA) climate 

stations collect climate data for public use. These stations vary in location, as well as length of 

collection history, but many collect precipitation and temperature information that is archived 

and can be accessed online (Matthew et al., 2012; Menne et al., 2012). The data is available in a 

U.S. Historical Climatology Network Monthly (USHCN) dataset, which was last updated in 

2014 (Menne et al., 2009). The data within this dataset are minimum, maximum, and average 

temperature, as well as precipitation. The temperature data has been adjusted by NOAA for any 

non-climatic factors, like changing methods or instruments for data collection, that would affect 

the data collection or records from these stations, but the precipitation data has not. I collected 

data from three climate stations, which are Olga 2 SE, Blaine, and Sedro-Woolley. Data comes 

in a compressed TAR file, which I extracted and created excel spreadsheets of. From there, I 

could look at how many months fell into the optimum threshold for growing wheat, as well as 

understand precipitation and temperature changes over time. 

2.5 Land Zoning and Soil Data Collection 

 Agriculture land zoning data is necessary to understand where wheat can be grown, as 

agriculture fields will not occur in areas that are not properly zoned. I used an agriculture zoning 
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shapefile created by Dr. Aquila Flower in the Salish Sea Atlas (2021) to understand which areas 

have been zoned properly for wheat growth. The zoning data for Northwest Washington is 

collected from the Washington State Department of Commerce’s Puget Sound Mapping Project 

(2018). Dr. Flower (2021) selected the “Primary Agricultural” and “Other Active Agricultural” 

zoning classes. 

 I also collected soil data to continue refining the climatic suitability envelopes for wheat. 

Using a soil shapefile from The Soil Survey Geographic Database (SSURGO), I could identify 

soils that were loam or clay-based, as well as classified as possible agricultural land. This 

database is maintained by the Natural Resources Conservation Service (2022).  

2.6 Census analysis 

I created graph visualizations of the collected census records using Microsoft Excel with 

the goal of exploring the changing landscape of grain farms and output over time. I wanted to 

understand how cereal grain output (bushels) had changed, as well as how both the number of 

farms growing grains and acres of grain sowed were different across time. I chose to normalize 

the data in multiple ways so different variables could be compared across time and counties 

(Borkin et al., 2019). 

For comparison across time and the three counties, I looked at multiple normalizations 

that include acres of cereals as a percent of total county-specific farm acres and total acres of 

cereals in the state, bushels of grain harvested per number of farms in a county, and percentage 

of grain farms within total farms. I also looked at wheat, barley, and oat bushels per acre of 

farmland for each county. 
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2.7 National Oceanic and Atmospheric Administration Climate Station Analysis 

 I created chart visualizations to understand how often specific areas in the study area had 

been within the optimal temperature threshold for growing wheat. Before I began analysis, I 

converted the data into Celsius by dividing the precipitation values by 10 and temperature values 

by 100, as values were listed in tenths of millimeters and hundredths of a degree Celsius 

respectively.  

To begin analysis, I counted the number of months that satisfied the optimal growth 

temperatures within the warm growing season. The warm growing season I selected for winter 

wheat is between February and August. The vernalization process during winter months is not 

included in this analysis because winter temperatures generally do not limit growth of winter 

wheat in Northwest Washington due to the mild climate; it will not be too hot or too cold for 

vernalization to occur. Therefore, it is assumed that vernalization will take place and allow wheat 

growth during the warm season.  

Once I had the number of months that satisfied the optimal growth threshold, I created a 

percentage of how many months satisfied those conditions (Equation 1). From this dataset, I 

created a simple linear regression model for the monthly maximum and minimum temperatures 

for each year, as well as the percentage of days satisfying optimal conditions for each year to 

quantify any trends over time in the data. I excluded any years with data that is missing from 

more than half of the year. I did this analysis by utilizing the linear model function in the 

RStudio version 2023.03.01.  

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑑𝑎𝑦𝑠 𝑤𝑖𝑡ℎ𝑖𝑛 𝑜𝑝𝑡𝑖𝑚𝑎𝑙 𝑔𝑟𝑜𝑤𝑡ℎ 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑑𝑎𝑦𝑠 𝑖𝑛 𝑤𝑎𝑟𝑚 𝑔𝑟𝑜𝑤𝑖𝑛𝑔 𝑠𝑒𝑎𝑠𝑜𝑛
∗ 100 

Equation 1: Percentage of days satisfying optimal conditions for each year. 
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2.8 Climate analysis 

To begin, all ASCII files were copied into ArcGIS Pro. I converted these ASCII files to 

Esri GRID rasters at 30x30 meter resolution. Afterwards, I projected the rasters to NAD 1983 

UTM Zone 10N from WGS 1984. Then, as the rasters were in Celsius * 10, I divided the values 

of each raster by 10 to get the temperatures back into Celsius.  To complete pre-processing, I 

clipped the rasters to the study area (Figure 4).  

 

Figure 1: Pre-processing diagram. 

After pre-processing, I used Raster Calculator to identify areas that met either suitable 

conditions, optimal conditions, or both. I identified these thresholds through literature review of 

previously published experimental and correlative analyses of the relationship between wheat 

growth rate of the entire plant measured by °C d−1 and weather or climatic conditions. From this 

literature, I determined suitable conditions for wheat to be between 0°C and 37°C (Sys et al., 

1993; Porter & Gawith, 1999; Zabel et al., 2014; Griffee, 2017). Optimum conditions for growth 

are between 17°C and 23°C (Porter & Gawith, 1999). I used climate data to determine 

temperature suitability for wheat growth (Sacks et al., 2010; Sloat et al., 2020). By identifying 

thresholds of both suitable and optimal temperature for wheat growth, I was able to look for 

areas that satisfied one or both of those conditions, which is also known as multi-criteria 

evaluation (MCE) (Carver, 1991; Mustafa et al., 2011). When a condition was met, the value of 
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1 was assigned. If it was not met, then a value of 0 was assigned. These created envelopes of 

areas that have optimum conditions and areas that have suitable conditions (Figure 5).

 

Figure 2: Temperature thresholds for absolute and optimal climatic growing envelopes. 

To create a final optimum score, I assigned a value of 1 to places where both the suitable 

and optimum envelopes are 1 (or meeting the conditions). Altogether, these rasters were 

combined to create a final envelope model that returns a count of the number of months that hold 

optimum temperature conditions for wheat growth in each 30x30 meter cell of the study region 

(Figure 6). To count the number of months that are suitable for growth, I summed the climatic 

suitability envelopes for each month to create a count. I repeated this process for each climate 

normal and year. 

 

Figure 3: Example of binary temperature classification. 

 Finally, to understand how areas of climatic suitability have changed compared to the 

present, I subtracted the results for each normal from the 1991 – 2020 normal. These rasters 
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show the change from one normal period to the most modern period, which could be loss or gain 

of climatic suitability. The goal of this change analysis is to understand how growing season 

length has changed over time. 

2.8.1 Refining Climatic Suitability 

 In addition to the temperature suitability to grow wheat, ideal soil types and areas zoned 

for agriculture should be considered. This allows for a holistic approach to understanding the 

most suitable areas for crop growth, as these factors all affect wheat crops. To do this, I overlaid 

agriculture-zoned areas in the study area with areas that satisfy the optimal conditions for 

temperature. Following that, I intersected the output with soil types that are loam or clay-based 

to identify areas of highest suitability (Figure 7). 

 

Figure 4: Model of refining climatic suitability of optimal growth thresholds. 

2.9 Interviews 

Using a mixture of intentional and snowball sampling, I interviewed farmers who grow 

grains and bakers or millers who use local grains in Northwest Washington. Face-to-face or 

online interviews occurred after selection of interviewees that met a certain criterion. This 

criterion includes grain farmers in San Juan, Skagit, or Whatcom counties, as well as bakers or 

millers who utilize grains from the study area. Interviewees were identified either from internet 

research, which is intentional sampling, or from snowball sampling, where an interviewee is 

recommended to me by a contact (Parker et al., 2019). 
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I spoke to seven farmers, bakers, and millers, with one interviewee being both a farmer 

and a baker. These interviews were semi-structured to allow interviewees to answer my 

questions in a conversational way (Couzy & Dockes, 2008; Horseman et al., 2014). This 

interview style also allows the interviewee to engage with me on topics that are important to 

them but may not be a direct answer to one of my interview questions (Couzy & Dockes, 2008; 

Horseman et al., 2014). This loose structure may also make the interviewee feel more 

comfortable speaking with me.  

These interviews were meant to understand the interviewees’ motivations and processes. 

There will be no identifiable information about them shared to increase the likelihood that 

interviewees will speak candidly (Horseman et al., 2014). In addition, interview questions started 

broad to help build a relationship with interviewees before they became more focused and 

specific (Horseman et al., 2014). Interviews were transcribed using Rev. From these 

transcriptions, I selected quotes that represent common themes from the interviewees (Weston et 

al., 2001; Couzy & Dockes, 2008; Basurto & Speer, 2012; Horseman et al., 2014; Morse et al., 

2014; Ramney et al., 2015).  

The interview questions are available in the Appendix. 

3. RESULTS 

3.1 Changes in cereal grain acreage 

The acres of cereal per farm in each county has been variable since 1900 but shows an 

overall decline (Figure 8). Almost 25% of crop acreage was cereal grains on average in Skagit 

County in 1900, with only about 10% in 2017. Whatcom County had over 5% of all crop acreage 

prior to 1960, declining and remaining around 2.5% of all crop acreage until 1997, when it 

dipped to almost 0%. San Juan County had over 5% of crop acreage being cereal grains in 1920, 
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declining to around 2.5% through a large portion of the 20th century. In 1978, growth rose to 5% 

before a major decline to minimal amounts of grain being grown. There has been a recent uptick 

in cereal grains on farms in San Juan County since 2012. 

 

Figure 5: Chart showing acres of cereal grains as a percent of all farm acres in a county. 

Cereal grains grown in Northwest Washington have always been a small percentage of all 

cereal grains grown in Washington state. In 1900, Skagit County cereal grains made up almost 

1.5% of all cereal grains in the state. Whatcom County and San Juan County both represented 

less than 1% of the cereal grains within the state. This percentage fluctuated since then, but 

overall has declined since 1900, with a sharp decline occurring around 1960. There was a small 

uptick in growth in 2007, but all counties represent less than 1% of state cereal grains in 2012 

(Figure 9). 
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Figure 6: Chart showing acres of cereal grains as a percent of all cereal grain acres in Washington state. 

 

3.2 Changes in cereal grain farms 

In addition to changing cereal grain acreage, the number of farms that grow grains and output 

of bushels per farm have changed since the early 20th century (Figure 10). The percentage of 

grain farms within all farms has declined. For example, Whatcom County went from around 7% 

grain farms in 1925 to less than 1% in 2012. 

 

Figure 7: Chart showing the percentage of farms that grow grains out of all farms per county. 
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When averaging cereal grain output over all farms in a county, the bushels per farm have 

declined as well (Figure 11). Skagit County has declined since 1900, with sharp decreases 

around 1910 and again around 1960. Since then, grain output has fluctuated in the county, with 

the county producing a little over 500 bushels per farm in 2017. Whatcom and San Juan County 

output also decreased around 1960. San Juan County also fluctuated, increasing to around 250 

bushels per farm after 1969, but decreased to 0 until the 2012 census. Whatcom County output 

generally varied between 50 – 200 bushels per farm since the 1960 decrease. 

 

Figure 8: Chart showing the number of bushels grown at each farm on average per county. 

3.3 Climate Station Temperature Changes 

Increasing temperatures are a symptom of climate change, as temperature has increased 

globally and is projected to continue this increase in multiple future climate scenarios (Huppert 

et al., 2009; Intergovernmental Panel on Climate Change [IPCC], 2023). While the effects of 

rising temperatures are different across ecosystems and species, it does have an impact on 

suitable habitat distribution and the potential range for many species, including agricultural crops 

such as cereal grains (Harsch et al., 2017; IPCC, 2023). Since 1900, temperatures have changed 

in Northwest Washington. Using climate stations in Olga, Blaine, and Sedro-Woolley, both 
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maximum and minimum temperature records were analyzed to quantify local trends in 

temperature over the last 120 – 123 years. 

 

Figure 9: Average annual minimum and maximum temperatures at the Olga 2 station in San Juan County. 

 At the Olga 2 climate station in Olga, Washington, both maximum and minimum 

temperature have increased from 1879 - 2022 (Figure 12).  This is a positive yearly trend of 

0.0052 °C for maximum temperature and a positive yearly trend of 0.0071 °C for minimum 

temperature, both with a coefficient significance level of p < 0.05. 
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Figure 10: Minimum and maximum temperatures at the Blaine station in Whatcom County. 

At the Blaine climate station in Blaine, Washington, maximum and minimum temperature have 

increased from 1879 - 2022 (Figure 13). This is a positive yearly trend of 0.0026 °C for 

maximum temperature and a positive yearly trend of 0.018 °C for minimum temperature. The 

maximum temperature is not statistically significant. The minimum temperature has a coefficient 

significance level of p < 0.05. 
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Figure 11: Minimum and maximum temperatures at the Sedro-Woolley station in Skagit County. 

At the Sedro-Woolley climate station in Sedro-Woolley, Washington, maximum 

temperature has decreased, and minimum temperature has increased from 1894 - 2022 (Figure 

14). Maximum temperature decreased at a slow, gradual pace, so change has been minimal. This 

is a negative yearly trend of 0.00003 °C for maximum temperature and a positive yearly trend of 

0.0133 °C for minimum temperature. The maximum temperature is not statistically significant. 

The minimum temperature has a coefficient significance level of p < 0.05. 

3.3.1 Precipitation 

Precipitation has fluctuated since 1890, with Skagit County receiving the most 

precipitation and San Juan County receiving the least (Figure 15). Olga receives about 61.4 

millimeters of precipitation each year on average, Blaine receives about 86.9 millimeters of 

precipitation, and Sedro-Woolley receives about 98.5 millimeters on average. Blaine has a 

positive yearly trend of 0.0043 mm for average total annual precipitation. Sedro-Woolley has a 

positive yearly trend of 0.0344 mm for average total annual precipitation. Olga is the only 

climate station with a negative yearly trend of 0.0208 mm for average total annual precipitation. 

None of the precipitation levels for each station are statistically significant. 
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This shows a range of acceptable precipitation levels for growing cereal grains. However, 

this data has not been adjusted to account for anything that would affect these records like the 

temperature data has been, so a cautious approach to identifying patterns should be used. It is 

also important to note that irrigation can fill in gaps if there is not enough precipitation in a year 

for proper crop growth although this is only possible in areas with suitable irrigation 

infrastructure.   

 

Figure 12: Average annual precipitation of climate stations in Olga, Blaine, and Sedro-Woolley, Washington. 
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3.4 Shifting temperature suitability for Wheat 

Specific areas within optimal thresholds for growing wheat shifted in Northwest 

Washington since 1900. Despite this shift, each 30-year climate normal period had at least some 

areas with five months of optimal temperatures for wheat, though the location of the longest 

suitable growing season conditions shifted over time (Figure 16).  The 1931 – 1960 period is the 

most different from current conditions, with the most suitable areas being directly by the coast. It 

also had less areas that met optimal conditions on the mainland than the other time periods, with 

5 months of optimal climatic suitability occurring on almost all parts of the San Juan Islands. 

 

Figure 13: Maps showing number of months with optimal conditions in Northwest Washington from 1901 - 1930 and 

1931 - 1960. 
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The 1961 – 1990 and 1991 – 2020 periods are somewhat similar, with the longest period 

of optimal temperatures occurring inland of the Salish Sea (Figure 17). However, there is a shift 

in areas with mid-range climatic suitability around 2-3 months. Within the 5-month optimal 

climatic suitability period, there are less areas with 0 months of optimal climatic suitability. 

Instead, many areas have at least 1 month of optimal climatic suitability. This change is not 

dramatic but shows that it may become easier to grow grains in this area based on temperature 

alone. 

 

Figure 14: Maps showing number of months with optimal conditions in Northwest Washington from 1961 - 1990 and 

1991 - 2020. 
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Overall, these results show that there has been an increase in the length of the growing 

season.  Areas that are becoming more suitable for wheat growth are inland areas near the coast 

of the Salish Sea. Interestingly, there is also a pattern of decreasing climatic suitability in central 

areas of Orcas Island. High-elevation areas on peaks of the Cascade Range have been constant 

across the 100-year period, with no months in the optimal climatic suitability range. Near the 

Nooksack River, there is increased climatic suitability, but still only reaching a few months 

within the optimal temperature threshold range. 

3.4.1 Future Temperature Suitability for Wheat 

 Climatic suitability will continue to change in the future. There are multiple climate 

projection scenarios available. The CMIP6 SSP126 scenario shows a continued temperature 

increase until 2065, when temperature begins to decline gradually (Chou, 2021). Absolute 

growth thresholds for wheat in Northwest Washington using this projection scenario show that 

some mountainous regions still do not fit into the temperature threshold to grow wheat (Figure 

18). 
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Figure 15: Map of the absolute threshold of climatic suitability for wheat in the future. 

Climatic suitability for wheat growth will decrease based on the SSP126 Climate 

Scenario from 2021 – 2040 and 2041 - 2060. The absolute threshold patterns for both time 

periods are similar. There will be a two-month loss of months that fit within the optimal 

temperature thresholds by the coast to the Cascade Mountain Range (Figure 19). The most 

notable change is a large increase in climatic suitability in mountain range areas. Temperatures 

are growing increasingly warmer, leading to more climatic suitability in the Western side of the 

Cascade Mountains. However, a large portion of the mountainous areas still only have 2 months 

of optimal climatic suitability despite the warming in this scenario.  
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 Climate suitability from the 2041 – 2060 SSP126 Climate Scenario shows a wider range 

of suitability than in 2021 – 2040. Some areas have up to 5 months of climatic suitability, like 

inland Orcas Island. Near the coast, climatic suitability ranges from 1 – 4 months. Mountain tops 

remain at 0 months of climatic suitability. More mountain areas show climatic suitability than 

the 2021 – 2040 scenario. 

 

Figure 16: Map of months of optimal climatic suitability for wheat growth in Northwest Washington. 

3.5 Changing length of growing season. 

Because of the changing temperature in Northwest Washington, the growing season 

length has been affected over time. The largest change is from the historical 1901 – 1930 normal 

to the modern 1991 – 2020 normal (Figure 20). Areas closer to the coast have gained up to 2 

months of climatic suitability for wheat growth, with more inland areas losing up to 2 months of 

climatic suitability. This is the largest loss of climatic suitability seen from any of the climate 
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normals to the modern climate normal.  From 1931 – 1960 to 1991 – 2020, there has been some 

loss of climatic suitability in San Juan County, as well as directly on the coast. This stays stable 

through 2020. The least change has occurred from the 1961 – 1990 period to 1991 – 2020 period, 

likely due to the proximity in time. Despite that, there has been some gain of climatic suitability 

in the inland areas. Overall, areas west of the Cascade Mountains and some areas near the coast 

on the mainland have undergone the most change in the last 120 – 123 years. 
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Figure 17: Maps showing the change in optimal climatic suitability from the 1991-2020 climate normal to the 1901 

– 1930, 1931 – 1960, and 1961 – 1990 climate normals. 

In the future 20 years, there will be up to 2 months of loss for optimal climatic suitability 

near the coast (Figure 21). There is also a loss of climatic suitability along rivers. Areas that gain 

climatic suitability are higher elevation mountainous areas and inland areas on Orcas Island. 
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From 2041, 2060, there will be up to 4 months of climatic suitability loss in areas near the coast. 

Mountain areas continue to gain climatic suitability based on temperature alone, up to 3 months. 

The change from the 1991 – 2020 time period to the 2041 – 2060 time period is the largest for 

climatic suitability loss, with smaller amounts of climatic suitability gain. 

 

Figure 18: Change in optimal climatic suitability from 1991 - 2020 to 2021 - 2040.and 1991 – 2020 to 2041 – 2060. 

 

3.6 Available Areas to Grow Wheat 

A suitable temperature is not the only requirement to grow wheat. Assuming the crop 

would receive adequate water through rainfall or irrigation, soil types and land use zoning should 

be considered to determine areas that are most suitable for wheat growing in Northwest 

Washington. By combining both ideal soil types for growing wheat and agricultural land zoning, 
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I was able to determine areas of highest climatic suitability for the 1991 – 2020 climate normal 

suitability. 

 While there is variable climatic suitability across the study area, only areas that have been 

zoned for agriculture would be able to grow wheat in large quantities. Areas primarily zoned for 

agriculture range from the coast to inland, as well as some zoning along rivers (Figure 22). Areas 

that meet optimal temperature thresholds and are zoned for agriculture are largely near the coast 

or just inland of the coast. These areas have the highest suitability, but less optimal suitability is 

found along waterways or further from the coast. Optimal suitability in this area ranges from 5 

months within optimal temperatures to 2 months within optimal temperatures. 

 

Figure 19: Areas of optimal suitability that are also zoned for agriculture. 

If zoning is ignored, there are more areas available for growing wheat. There are multiple 

soil types in Northwest Washington. Not every soil is suited for either agriculture or growing 

wheat in general, so it is important to select soils that have the best characteristics for growing 

crops. The Soil Survey Geographic Database (SSURGO) is a dataset of soil types collected by 

the Natural Resources Conservation Service (2022) and includes both soil types and a farmland 
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suitability scale, ranging from not suitable to suitable for agriculture. I selected soil types that are 

either clay or loam, as well as types that are a suitable agriculture class as defined within the 

SSURGO database (Figure 23). 

 

Figure 20: Areas where there are months of climatic optimal suitability intersecting with preferable soil types. 

Combining both soil types and zoning provides the most refined results for areas that not 

only can grow wheat but have multiple months of optimal climatic suitability. After overlaying 

ideal soils for wheat, the most suitable areas for wheat growth have only changed slightly (Figure 

24). This shows that many agriculturally zoned areas are on top of soils that are suitable for 

wheat growth and agriculture in general. In addition, agriculture zoning is more limiting than soil 

types are. This soil and zoning combination with optimal temperatures for wheat growth 

provides specific areas that could be targeted for ideal wheat growth in Northwest Washington. 
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Figure 21: Areas of optimal suitability that are zoned for agriculture and have optimal soil types. 

Optimal soil types have the largest area of optimal months, with a total of 2,506.91 

square kilometers for 2 to 5 months of optimal climatic suitability (Table 4). Areas that are only 

zoned for agriculture have a total of 1,097.3 square kilometers. Looking at areas that have both 

optimal agriculture soils and agricultural zoning, there are 978.53 total square kilometers of areas 

that have 2 to 5 months of optimal climatic suitability. 

Months of Climatic 

Suitability 

Area of Suitable 

Soils (km2) 

Area of Agriculture 

Zoning (km2) 

Area of Both Soils 

and Zoning (km2) 

2 5.9 0.04 0.02 

3 805.23 349.52 325.51 

4 877.44 277.94 221.51 

5 818.34 469.8 431.49 
Table 4: Areas of suitable soils, agriculture zoning, and both combined overlaid with optimal climatic suitability months. 

 Looking at the future suitability time periods from 2021 – 2040 and 2041 – 2060, there is 

less optimal climatic suitability in areas that have prime agricultural soil and are zoned for 

agriculture (Figure 22). The months of optimal climatic suitability range from one to four 

months. The highest suitability remains inland of the coast, with less suitability closer to the 
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mountains. Some suitability is gained from 2041 – 2060 compared to 2021 – 2040 but is still less 

than the historical time periods. 

 

Figure 22: Refined climatic suitability for 2021 - 2040 and 2041 - 2060. 

3.7 Interview Results 

Results from these transcribed interviews show that there are a few overall themes 

regarding grain farming in Northwest Washington that interviewees agree on. The main points 

that interviewees spoke about were an increasing interest in grain growing, climate change 

affecting farming in the area, and the importance of community within these agricultural 

systems. I discuss these themes that were highlighted in the interview in the follow sections. 
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Figure 23: Word cloud of most-used words from interviews. 

3.7.1 Increasing Interest in Grain Growing 

When asked about the future of grain farms in Northwest Washington, interviewees 

agreed that there will be continued interest in growing grains here. In addition, this interest will 

likely grow as grain becomes more important for niche, artisan food rather than animal feed or 

commercial bread in this area. Interviewees pointed out that with a growing customer base for 

local foods, wheat and other grains have the possibility to be sold for more money than before. 

Many also mentioned that the presence of Cairnspring Mills to facilitate coordination between 

farmers, bakers, and consumers has been an integral part of this system, with all people involved 

feeling more supported. In addition, the future potential of both growing and using grains in 

Northwest Washington was commonly discussed. Many interviewees commented that the system 

could continue to grow and improve alongside the interest in having local grains. 
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‘I think [grain] is just going to get more varieties, more diverse, better for the consumer. There’s 

still room for us to switch from growing feed or commodity grain to growing more of this other 

stuff.’ – Farmer 1 

‘Wheat is one of the most adaptable crops and there are hundreds of other varieties that we can 

cultivate to be viable as we see the impacts of climate change. We’re seeing a tremendous 

amount of market demand for regeneratively grown grains.’ – Miller 1 

‘It seems like it’s only expanding, and people are embracing locally grown grain. These people 

are growing stuff anyways, but then they’re not growing half the year or have something, like a 

cover crop, that doesn’t make money. They can grow wheat instead.’ – Baker 3 

‘I think that depending on the investors that they maybe have through places like Cairnspring 

[Mills] or maybe wanting to do another mill, we could see more grain being grown here.’ – 

Baker 1 

‘More ground is broken this year by different farms who have never really grown grain before. 

It’s cool, just the concept of growing grain at a small scale seems more available to farmers now 

than it did when we first moved here.’ – Farmer 2 and Baker 2 

 

3.7.2 Competition and Costs 

Despite this rising interest, farming grains in Northwest Washington can be difficult. It 

may be difficult to find footing in this area, as well as having enough funds for both the crops 

and equipment needed for those crops. Adding to this difficulty are corporations or other parties 

who are interested in acquiring large amounts of land for big farming operations, leaving less 

land for independent farmers. 
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‘[Grain farmers] are competing with each other as well as competing with the national brands 

and mills just trying to find a little shelf space. So, they need a competitive variety.’ – Farmer 1 

‘If I was really getting serious about grain and wanted to do it, the equipment alone, like a good 

combine, you can drop 50 grand, a hundred grand depending on what scale you want.’ – Farmer 

3 

‘What will largely happen is that the people who have the money to step in and pick up those 

holdings that are that large are going to be corporate.’ – Farmer 3 

‘The biggest challenge now is cost increases – fuel, freight, land rent.’ – Miller 1 

 

3.7.3 Climate Change 

Many interviewees mentioned uncertainty about the future because of climate change. 

Their language suggests that they have concerns about the future of grain farming as the climate 

continues to be unpredictable. In addition to concerns about changing climate, a few 

interviewees have faced struggles growing grain here, with one farmer saying that “the climate is 

tricky.”  

‘But I do worry that just in general, like the research being done for climate change stuff is not 

going to happen fast enough for what we’re going through.’ – Baker 1 

‘The state of our climate is obviously a huge factor. It’s going to be really rough for all of us. So, 

[we should] just have hope but also caution and action.’ – Baker 4 

‘When you look at climate change and other things that affect food production, places like this 

are more and more being recognized as being of extreme value.’ – Farmer 3 
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‘We have some hurdles to cross before we can produce all [Cairnspring Mills’] grain with the 

climate we have. It’s really tough.’ – Farmer 1 

 

3.7.4 Importance of Community 

Community relationships have been identified as an important factor in this agricultural 

community. Local grain systems seem to be reliant on the connections between bakers, farmers, 

and millers in Northwest Washington. 

‘I think I feel like I’ve gotten pretty lucky, but I also feel like it’s because there’s a good 

community of people who are really interested in local food.’ – Baker 3 

‘It’s just clear that people here care about local food or, you know, agriculture. It’s a strong 

connection to agricultural livelihoods here.’ – Farmer 2 and Baker 2 

‘There is a collaborative spirit in the valley on big issues. There’s also a lot of independence 

from each farm; each farm has its own independence.’ – Farmer 1 

‘It’s all relationship based. We continue to not only seek out new growers so that we can seek 

out and strengthen the supply chain, but farmers are hearing from other farmers that we’re 

working to lift them out of the commodity system.’ – Miller 1 

 

3.7.5 Changes in Community 

Because community has been identified as an important component to local grains, any 

changes to the community has the potential to change the grain system in Northwest 

Washington. 
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‘Any change in the grain growing system, especially in Western Washington, has to be 

accompanied by change the end users: bakeries, millers, whatever. Then also, a change in 

consumer expectations in terms of what does bread look like and taste like.’ – Farmer 2 and 

Baker 2. 

‘[People] do want to move up here and have a piece of this lifestyle and it’s just a lot of people, a 

lot of human beings competing for finite and ever-decreasing resources.” – Farmer 3 

‘There’s new producers on the scene all the time and there’s folks coming that have never 

farmed in their life and they want to grow grain.’ – Farmer 1  

 

4. DISCUSSION 

4.1 Census records 

The history of grain agriculture in Northwest Washington is complex, with a rich history 

of both growth and sales of various cereal grains since European settlement. Agriculture census 

records show that there was a period of decreasing grain acreage, bushel output, and number of 

farms in the mid-20th century. However, when comparing these trends to the climatic suitability, 

it shows that there was a slight decrease in climatic suitability in 1931 – 1960 but became more 

suitable in 1961 – 1990. This suggests that farmers may have stopped growing grains primarily 

due to social factors rather than climatic factors if there was still suitability for wheat. 

In the 21st century, cereal grain growth has fluctuated, with some years showing an 

increase in growth and output of cereal grains. This small rise is not enough to compare to the 

late 19th and early 20th centuries, as census records do not show a large increase in grain 

production based on numbers alone. However, farmers, bakers, and millers suggest that there is a 
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rising interest in local grains, so production does not seem to match community interest and 

increasing demands yet. 

Even if cereal grain acreage continues to rise in Northwest Washington, it is likely that 

the farms will still not look the same as they did in the early 20th century. This is because 

efficiency and specialization are still ideals held within the United States agricultural industry, 

leading farmers to still focus on a few crops rather than growing a mix. Cereal grains could 

become part of this mix, but small farms still need to rely on more lucrative crops like vegetables 

and fruits to make a profit. Understanding the historical context of these systems can help 

farmers and bakers decide what choices to make regarding cereal grains, especially if they 

should grow and use them at all. 

4.2 Changing temperature 

Minimum temperature has increased in both Whatcom and Skagit counties, but 

surprisingly, the maximum temperature had no statistically significant change. Meanwhile, both 

minimum and maximum temperature in San Juan County have increased significantly since 

1900. This is evidence of climate change having different spatial effects while simultaneously 

causing change (Walthe et al., 2002). Overall, the changing temperature of these regions could 

have major impacts on multiple ecological processes like sea level and acidity, precipitation 

levels and snowpack, as well as water access for agriculture (Elsner et al., 2010; Huppert et al., 

2009). 

I was able to identify areas of best suitability for wheat growth based on temperature, soil 

type, and land zoning. Climatic suitability fluctuated across the last 120 – 123 years, but there 

has been an overall loss of optimal climatic suitability in some areas inland of the coast since the 

1901 – 1930 climate normal. Looking at the temperatures of each month in the 1991 – 2020 



45 

climate normal, August showed a higher average temperature in those areas than the optimal 

envelope of 17 – 23 °C. While this temperature is still in the acceptable temperature growth 

range, it does not register as optimal, bringing climatic suitability down in areas that were 

previously within the optimal threshold. Despite some loss of climatic suitability, there are areas 

that have increased in climatic suitability over time. These areas are mostly inland from the 

coastline. The largest change is from the 1991 – 2020 climate normal to the 2041 – 2060 climate 

normal, with climatic suitability increasing up to three months or decreasing up to 4 months.  

Future climatic suitability from 2021 – 2040 shows a large decrease inland of the coast, 

as well as on the coast. July and August have increasing temperatures that fall outside of the 

upper limits of the optimal suitability threshold. If temperatures continue to increase as projected 

through 2065, more climatic suitability could be lost through areas near the coastline. This could 

also continue to increase temperature suitability in mountainous areas. This is problematic 

because of the difficulties growing crops like wheat in uneven, mountainous areas. In addition, 

there is a lack of agricultural zoning that would make it impossible for wheat to be grown by 

farms in these areas without a zoning change.  

Because of this disconnect between increasing temperatures being above what is 

considered optimal, this would decrease overall suitability for much of Northwest Washington. It 

is worth reconsidering what the optimal threshold is, as increasing temperature with climate 

change may mean that no temperature is within the ‘optimal’ threshold. Therefore, it is worth 

discussing what the optimal threshold is as temperature increases in the future. While there are 

still identifiable areas of optimal growth in the current 17°C to 23°C range, this may not be true 

in the future. 
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 Even though optimal climatic suitability is shifting, wheat and other cereal grains can still 

be grown in the area. There are still many months within the current growing season that have 

temperatures that support crop growth, even if they are not the ideal temperature. For example, 

the growing season in Skagit County could lengthen as there are more warm months, but optimal 

conditions are not as common in future projections. In addition, farmers may have to reconsider 

their growing season if they would prefer to grow during optimal temperatures.  

4.3 Farmer and Baker Decision-making 

Three main themes shared between farmers and bakers can be identified. Within these 

main themes, 2 subthemes can be identified. First, there is increasing interest in growing grains 

and participating in local food systems in Northwest Washington. Second, many interviewees are 

worried about the impacts of climate change both on wheat crops and the local food system. The 

subtheme supporting this main theme is competition and costs, with finances or brand 

competition being a large part of the businesses operating in Northwest Washington. Third, 

farmers and bakers agreed on the importance of community within the local grain system. In 

addition to this community importance, there were common sentiments of changing community 

demographics altering the local food systems. 

While many of the interviewees share common sentiments regarding these themes, my 

results are limited by a small sample size. Due to the busy nature of these professions, it was 

difficult to have steady contact with some interviewees, resulting in less interviews. Despite this 

limitation, interviewees provided insight to the growing local grain system in Northwest 

Washington. Overall, farmers and bakers engaged in local grain systems in Northwest 

Washington are hopeful for the future of grains, especially as their value continues to increase. It 

would be interesting to compare this to a larger sample size of farmers and bakers in the study 
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area to see if these themes continue to appear. In addition, these results provide a basic 

understanding of why farmers and bakers choose to become involved in local grain systems. A 

study looking more closely at the financial reasons farmers and bakers make decisions could 

build on these results, as well as a study looking at changing community demographics affecting 

the makeup of bakers and farmers in Northwest Washington.  

 

5. CONCLUSION 

Recently, local food movements have been increasing in popularity in the United States. 

Communities in Northwest Washington have shown interest in this movement as well, especially 

with their local grain systems. Artisan, nutrient-packed breads have become a popular choice for 

local bread despite Northwest Washington not being viewed as a typical grain-growing region. 

Many farmers and bakers value community-focused crop systems, understanding the history of 

cereal grains in Northwest Washington. It is difficult to predict the future of local grains in 

Northwest Washington based on the results of this study, but the community shows a focus on 

resilience and sustainability that indicates growing cereal grains in the area has a chance of 

continuing to be successful. 

The results of my study show that multiple factors affect a community’s decision to 

invest in local grain agriculture. There is a connection between social, historical, and physical 

factors. Farmers and bakers have shown concern over climate change and the capability of a 

community to be competitive with larger industries, but also seem optimistic about the local 

grain movement in Northwest Washington succeeding. More research regarding climate change, 

temperature, and habitat suitability for cereal grains is needed as temperatures continue to rise in 

the 21st century.  
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 As climate change continues to affect temperature and precipitation, climatic suitability 

for growing wheat will continue to change. Based on current projections, temperature will 

continue to warm and impact climatic suitability of wheat, leading to loss of suitability in coastal 

areas of Northwest Washington. It is possible that current definitions of optimal temperature 

suitability will eventually become obsolete as temperatures continue to change. The study results 

suggest that there is community interest in continuing to invest in grain agriculture. More 

research should be conducted to understand other factors that could affect grain agriculture in 

Northwest Washington and how they interact with climate and community dynamics.  
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Interview Questions 

Against the Grain: Exploring Changing Relationships between Grains, Climate, and 

Community in Northwest Washington 

Natalie Furness 

 

Starting statement: Thank you for taking the time to meet with me. I am excited to chat with you 

about your work!  

1. To start, I was wondering if you could tell me a little about your farm.    

2. Can you tell me specifically what you grow on the farm and how you made the 

selection to grow these particular crops?  

3. You mentioned some of this briefly, but could you tell me more about how you 

became a farmer in this region?  

a. Why did you pick this region?  

4. You mentioned growing grains. This isn’t typically considered a grain region; can 

you tell me more about your decision to grow grains?  

5. I find it really interesting that you grow grains. What have been the biggest 

challenges in deciding to grow this crop?  

6. Do you still face these same challenges now?  

a. If so, why do you think that is?  

7. Compared to when you started farming, what are some new challenges that you 

are facing today?  

8. Since you have been farming for X years, how have you seen farming change in 

this region?  

a. How has this impacted grain farming?  
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9. You clearly have a large amount of experience and information in this industry. If 

you were to predict the future of grain farming in this region, what do you think it 

will look like and why?  

10. Farming can be a collaborative process, with information exchanged among the 

farmers in your region. Since starting to farm grains, have you connected with any 

other grain farmers in the area? Have you relied on these relationships to build 

business?  

a. If so, who specifically or what farms specifically have you connected with 

that have been particularly helpful?  

b. In addition, what farms do you feel you have helped?  

11.  Now, let’s talk about something a little bit different. How has COVID-19 

impacted your farm?  

a. Did it impact what crops you grow?  
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Recruitment Text 

Against the Grain: Exploring Changing Relationships between Grains, Climate, and 

Community in Northwest Washington 

Natalie Furness 

 

For use by email or phone: 

Dear [Name],  

I am conducting a research study to understand the motivations and drivers behind farmers 

choosing to grow grains in San Juan, Skagit, and Whatcom counties starting in the early 20th 

century. This study also seeks to understand the relationship between grain farmers and their 

communities. This will supplement my research on climatic factors that have affected grain 

growth in Northwest Washington. The overall goal of this study is to understand the story of 

grain growth in this area.  

 

If you are interested in participating in this study, you would consent to an interview with me in-

person. If in-person is not available for any reason, we can meet over Zoom. This interview 

would take up to 30 minutes, depending on the depth of your answers to my questions. This 

interview is meant to be somewhat conversational. I am not offering any financial compensation 

for your participation. There are no known risks involved in this research. If you have any 

questions, please let me know. I am eager to hear back from you. I am best reached by email.  

 

Natalie Furness  

College of the Environment, Western Washington University  

furnesn@wwu.edu  

  

 

mailto:furnesn@wwu.edu
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Study Participant Consent Form  

Overview:  

I am asking you to participate in a research study titled “Against the Grain: Exploring Changing 

Relationships between Grains, Climate, and Community in Northwest Washington.” I will 

describe this study to you and answer any of your questions. This study is being led by myself, 

Natalie Furness, an MA student at Western Washington University located in Bellingham, 

Washington. The Faculty Advisory Committee for this study is comprised of: Dr. Aquila Flower, 

College of the Environment, Western Washington University, Dr. Cameron Whitley, College of 

Humanities and Social Sciences, Western Washington University, and Dr. David Rossiter, 

College of the Environment. You may ask questions about anything that is not clear. When we 

have answered all of your questions, you can decide if you want to be in the study or not. This 

process is called “informed consent.”  

 

What this study is about:  

The purpose of this research is to understand why an increasing number of farmers are choosing 

to grow grains in San Juan, Skagit, and Whatcom counties, which are typically not identified as 

grain regions. The research goal also includes documenting grain regions in these counties in the 

early 20th century for comparison to current grain growth in these areas.  

The outcomes of this research will be used as part of an analysis provided to the scholarly 

community at large, as well as the public. Interviewees will receive a copy of my thesis once 

completed.  
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What you will be asked to do:  

You are asked to participate in an interview led by me, which will run for up to 30 minutes. You 

will be asked a series of questions regarding your crop and farm location decisions if you are a 

farmer, as well as your background. If you work at a mill or bakery, you will be asked a series of 

questions regarding your interactions with farmers.  

 

Risks:  

There are no foreseen risks to your participation in this research. However, you may feel 

uncomfortable sharing certain details. You may decline to answer any questions that you do not 

feel comfortable answering.  

 

Benefits:  

A possible benefit of participation in this research is the opportunity to be a part of your 

agricultural community’s input. This research is meant to be representative of communities like 

yours, with the goal of creating stronger infrastructure systems between local communities.  

 

Compensation for participation:  

You will not receive any monetary compensation for participation.  

 

Audio recording:  

An audio recording device will be used during the study session. The recordings will be 

transcribed by a professional third-party service and then archived. The recordings will be 

destroyed after transcription.  
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The recording and transcriptions are needed for qualitative research analysis. It is important to 

the research to capture the nuances and entirety of the conversation. It also allows us to have a 

more natural conversation as an interviewer and interviewee.  

The identity of the individual will not be disclosed in the publication of this study unless written 

and signed permission is granted from the individual. Regardless of whether or not you give 

permission to be identified, there is a chance that someone could identify your responses 

indirectly.  

 

Privacy/Confidentiality/Data security:  

Protection of the participant’s privacy and/or confidentiality:  

• De-identification of data – when transcribing the data, identifying information 

about you will be removed from the transcript. The research team will have access to 

the identifiable data.  

• Recording security - Security of the recordings will be kept digitally in a 

password-protected program.  

• Encrypted data – Any correspondence with the recordings or data will be 

encrypted, if associated with an individual participant.  

 

Third-party company services:  

Third-party transcription services may not be HIPAA-compliant. Audio recordings will be 

supplied to the third-party transcription service and audio recordings will be destroyed once 

written transcriptions are created.  
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Please note that email communication is neither private nor secure. Though I am taking 

precautions to protect your privacy during the participant recruitment process, you should be 

aware that information sent by e-mail could be read by a third party.  

Your confidentiality will be kept to the degree permitted by the technology being used (NVivo 

software for coding qualitative research). I cannot guarantee safety from interception of data sent 

via the internet by third parties.  

 

Sharing De-identified data collected in this research:  

De-identified data from this study may be shared with the research community at large to 

advance social sciences without your additional informed consent. Despite these measures, I 

cannot guarantee the anonymity of your personal data. This means you could be indirectly linked 

to your answers within the research based on contextual clues, but every effort will be made to 

keep your identity private.  

 

Taking part is voluntary:  

Your participation is voluntary. You may refuse to participate before the study begins, 

discontinue at any time, or skip any questions/procedures that may make you feel uncomfortable, 

with no penalty to you, and no effect on your relationship with any organization other 

organization or service that may be involved with the research.  

As a participant you are encouraged to answer all the questions. Individuals can choose not to 

participate if you are uncomfortable with these conditions.  
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If you have questions:  

The main researcher conducting this study is Natalie Furness, a graduate student at Western 

Washington University. Please ask any questions you have now.  

If you have questions later, you may contact Natalie Furness at furnesn@wwu.edu.  

A copy of this form is available for you to take with you.  

If you have questions about your rights as a research participant, you may contact the Western 

Washington University Office of Research and Sponsored Programs at compliance@wwu.edu or 

(360) 650-2146.   

 

This consent form will be kept by the researcher for six years beyond the end of the study.  

mailto:furnesn@wwu.edu
mailto:compliance@wwu.edy
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