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Abstract

:

Across the United States, there has been a growing interest in local food production, which provides an alternative way to increase self-sufficiency and support greater well-being and food security at the community level. This study focused on the Northern Panhandle region of Idaho, where opportunities derived from the local food movement have emerged in several resort and college towns. This research integrated spatial analysis and modeling in a geographic information system (GIS) environment and a linear-programming (LP) optimization approach to identify, quantify, and map these potential opportunities. The obtained results show that existing local food producers are located in the urban fringe and on productive cropland. The foodshed model further suggests that Northern Idaho has enough farmland to feed its whole population within an average distance of 49 km or 31 miles. An alternative land use scenario was explored that involves removing marginal cropland with high soil erodibility from commodity cropping to improve the ecological benefits of local food production. The results of the study, including nuanced evidence of growing demand for local-food products, the existence of enough cropland capacity to meet demand, and potential environmental benefits, are quite encouraging to local food advocates in Northern Idaho and other areas and demonstrate the utility of land-based foodshed analysis.
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1. Introduction


In the United States, market interest in locally-grown food has increased [1]. According to one Congressional report, 7.8% of U.S. farms sold food through local food marketing channels from 2002 to 2007, and the number of farms with local direct-to-consumer food sales increased by 32%; this growth subsequently continued by 6% during 2007–2012 in the aftermath of the economic recession [1]. The literature typically defines “local food” as foods sold directly by farms to consumers, e.g., via farmers markets or roadside stands, or through intermediate marketing channels such as grocery stores and restaurants [1,2]. The growing demand for local food provides an important opportunity for small farms to increase their income [2]. The sales of retail “organic” food, especially fruits and vegetables, have similarly boomed from $17 billion in 2006 to $40 billion in 2016 [3]. Small farms tend to be heavily reliant on local sales; farms with gross cash farm income below $75,000 accounted for 85% of all farms selling locally [1]. In addition, in light of the growing demand and a desire for healthier food diets, the successful marketing of local produce enables it to command a price premium over conventional produce.



The local food movement is also driven by broader concerns with respect to food security, nutrition, and sustainable community development. Across the United States, local food systems typically deliver smaller amounts of crops to local market centers where they are able to compete with conventional large-scale, long-distance agriculture and enhance the self-reliance of local food systems. However, because of the relative fragility of family farms, planning of the American food system has focused on strengthening the capacities of smaller-scale, often family-based, local food systems [4,5]. Small-acreage farms are of particular concern from a food system planning perspective and have also been studied in the context of rapid urbanization [6].



The question of how to increase food security and community wellbeing may find an answer in local food. An examination of the “foodsheds” of New York state indicated that local food could conceivably supply 69% of the food needs of the population of New York on an area of 2.7 million ha, or 6.7 million acres [7]. Other studies suggested potential for feeding populations with the surrounding farmland, including Galzki, Mulla, & Peters [8], which, building on the foodshed methodology of Peters et al. [9], found that southeastern Minnesota, with its prime agricultural land, requires relatively small-size foodsheds to supply each of its larger cities and towns such as Rochester. Dundar, Costello, & McGarvey [10] used a robust optimization model to calculate that the population of Boone County, Missouri, numbering 170,000, could be supported on its farmland. Overall, a meta-analysis of foodshed analyses found a “significant opportunity for food system re-localization across North America” [11], and a nationwide analysis finds that local food systems could provide all of the food needs of most areas of the United States, with the exception of high-density population centers such as the northeastern megalopolis or southern California [12]. Foodshed maps and related land-based assessments are not only of great help for leaders of local food movements in the United States, but also are widely used internationally [13]. For example, Karg et al. [14] found that although food provided within the city region assisted the provision of fresh perishable crops, a larger geographical diversity of foodsheds appeared to strengthen the resilience of local food systems in West Africa. In Europe, drawing upon the concept of urban resilience, foodshed maps were constructed to help policymakers develop the food self-sufficiency scenario in the cities of London, Berlin, Milan and Rotterdam [15]. However, with a few exceptions [8,16], little is known about the additional ecological benefits derived from local food production, especially those deriving from land use change. Beyond areas surrounding larger metropolitan regions, more work is also needed to better understand agricultural land capacity in proximity to fast-growing resort or college towns.



In this work, considering the case of Northern Idaho, foodshed models were operationalized to assess agricultural capacity while addressing locally important ecological issues such as soil erosion. Besides the baseline theoretical scenario, an alternative scenario was explored by considering key environmental concerns in Northern Idaho including the Palouse region. Moreover, the study echoes recent efforts to bridge the gap between theoretical foodshed analysis and the reality of the local food movement. As shown in Galzki et al. [17], the theoretical foodshed would be better calibrated using those data that can represent real-world situations, e.g., survey data that can represent food dietary habits in different regions. In this study, we employed a logistic regression analysis to better understand the current spatial distribution and spatial determinants of local food production. Furthermore, we integrated a variety of data sources including land use, soil, diet, and population distribution, to estimate and map the potential spatial extent of local foodsheds in the context of the Mountain West and in areas centered on college and resort towns, which may provide a useful comparison to cases in other areas.




2. Materials and Methods


2.1. Study Region


This study focuses on Northern Idaho, often referred to as the Idaho Panhandle, which is a fairly thin strip of land in the Inland Pacific Northwest of the United States. With a total population of approximately 317,752 (based on US Census Bureau’s 2010 decennial census), it is very mountainous and heavily forested, with some areas of prime agricultural land. In general, Northern Idaho’s economy has been transitioning from natural resources (e.g., logging and mining) to services (e.g., recreation and tourism) and technologies known for recent growth in the so-called “amenity business” [18], and the total number of jobs in the region’s accommodation and food services sector increased by more than 20% during 2012–2017, which was higher than job growth in other sectors [19]. The agricultural land use in Northern Idaho greatly depends on the availability of good soil and water (Figure 1). The majority of the farmland is concentrated in a strip extending along areas close to the cities of Moscow and Lewiston, which is the Idaho portion of an area known as the Palouse region. Common crops in this area include winter wheat, peas, and lentils. The main transportation route through Northern Idaho is U.S. Highway 95, which runs from the Canadian border to southern Idaho. Coeur d’Alene, in Kootenai County, is the largest city in the region and sits adjacent to the fertile farming area referred to as the Rathdrum Prairie (Figure 1).



According to statistics from the 2017 USDA Census, the number of small farms less than 10 acres, increased by 146% from 2007 to 2017 in the 10-county study region of Northern Idaho (Table 1). Moscow, home of the University of Idaho, and the resort town of Sandpoint both feature burgeoning farmers’ markets. These markets are vital venues for the selling and buying of locally produced food, which is indicative of the increasing local food production in rural areas such as Latah and Bonner counties. In Idaho, local sales of food and food products were estimated to account for 3.8% of total state output and contributed $5 billion in 2013. In contrast, the export-oriented production of agricultural production and food processing generated over $27.2 billion during the same period. Economists suggested that local food in Idaho contributes 70% less to the state’s economic output in comparison with exports [20]. Despite their smaller economic contribution as compared to export oriented agriculture, local food movements have gained strong momentum in Northern Idaho [21]. As of 2019, there were 17 active farmers markets in North Idaho [22] and a growing number of food establishments self-identifying as “farm-to-table” or “local food” restaurants.




2.2. Data Preparation


Related to this study, an intermediated retail grocery and restaurant buyer web-based survey was conducted in 2015. An initial sampling frame of retail grocery stores and restaurants was procured through InfoUSA and supplemented by internet searches and printed marketing literature. Email invitations to participate in the survey were sent directly to 198 retail grocers and 274 restaurants. Invitations to the survey were also sent to regional local food and small farm email listservs and through Facebook posts. Eighty-five complete responses were obtained from retail grocers and restaurants located in urban and rural communities across the state of Idaho, among which 40 respondents (or 47%) were from Northern Idaho. The survey asked buyers to supply key information with respect to food products in demand. Questions on the survey polled buyers on their preferences on how they would have their food products sourced.



The theoretical foodshed analysis entails an estimation of the maximum demand for local food in the region. Using methods derived from Peters et. al. and others [11], the food needs of the average person per year were estimated by drawing upon the USDA ideal diet. Following previous seminal work done by Peters [9] and Galzki [8], a complete diet based on the food guide pyramid recommendations was used. The diet consisted of 170 g (or 6 oz) of meat per person per day, with 40% of total calories coming from fat [8].



The concept of human nutritional equivalent (HNE) is employed in the foodshed models, as suggested by Peters and others [9]. The constituents of the HNE include foods derived from annually cultivated land (HNEa) and foods grown on perennial cropland or pasture land (HNEp). The ideal diet was further derived from a list of crops (see Table 2) that can be grown or supported by agricultural land specific to the biophysical conditions in Northern Idaho. The list was also adjusted using data from the survey mentioned previously and expert input about crops that could be grown in the study region, as well as the information gathered from related local-food programs through the Idaho State Department of Agriculture, such as the Idaho Preferred program (Table 2). Different categories of agricultural products were considered, namely vegetables, fruits, meat, dairy, eggs, grains/field crops, and others.



Crop yield data on each commodity that make up the HNE were collected through recent five-year National Agriculture Statistics Service (NASS) and their Quick Stats program (https://quickstats.nass.usda.gov/) that were made available through USDA. Yield data were adjusted by also considering the yield data in Washington State. Furthermore, products such as eggs, beef, and others derived from livestock were converted into an equivalent amount of feed crops [23]. Notably, they did not only include pasture needed to raise animals, but also annually cultivated land needed to grow feed crops. Therefore, meat and dairy products contribute to both the cultivated and pasture portions of the foodshed [9]. Like other foodshed studies [24], we made adjustments to take into consideration inedible portions of agricultural commodities and processing losses in the model.



Land use data was derived from the national land cover database (NLCD) with 30 × 30 m resolution [23,24]. In Northern Idaho, NLCD statistics indicate that there were 369,953 ha (or 914,172 acres) of cropland and 6104 ha (15,084 acres) of pasture as of 2011 (see Figure 2). In contrast to other cases, our study region has a relatively limited amount of pasture cropland. Current dryland farming in the region mostly produces wheat, lentils, garbanzo beans, dry peas, and canola. To determine the spatial distribution of theoretical foodsheds in the region, production zones of 2 × 2 km in size were constructed, which were considered a convenient unit for estimating production capacity (Figure 2). These zones served as appropriately sized supply centers for major cities or towns where food hubs or farmers’ markets are located when distribution distances are considered.




2.3. Spatial Optimization, Spatial Analysis and Modeling, and Alternative Scenarios


A potential foodshed was constructed in a theoretical manner based on a number of assumptions. First, the model estimated how much acreage would be necessary to provide food locally to supply population centers in Northern Idaho. The population size based on the 2010 U.S. census was used to determine maximum possible consumption. Second, the geographical extents of foodsheds in this work were limited to Idaho due to differences in data availability and policy implications for regional food system planning. Foodshed models also assume that cultivated and pasture lands are the primary cropland types and pasture land is mainly used to supply livestock feeds, although forestland and grassland are currently used for grazing or forage supply in the region.



A foodshed optimization problem was solved using linear programming. The optimization problem to be solved was focused on supplying the food needs of major population centers in Northern Idaho while minimizing the food distance travelled between supply and demand [23]. As shown in Equations (1)–(4), C = {Cij} denotes the distance between the production zone (i) and the demand point (j). Longitude and latitude coordinates were employed to calculate the distance under the assumption that the transportation routes follow a north–south road grid. X = {xij} denotes the supply from each production zone (i) to the demand point or population center (j). This problem was subject to two constraints: the food supplied must be greater than the need for the region {dj} and less than or equal to land availability and expected yields of each crop {si} in each production zone.



Minimize


∑i=1S∑j=1DCijxij



(1)




Subject to


∑i=1sxij≥d j



(2)






∑i=0nxij≤si



(3)






xij≥0



(4)







Besides spatial optimization, we also carried out a spatial analysis of current local food producers’ locations and incorporated spatial determinants of existing local food producers into the optimization modeling. To do this, existing local food producers were firstly geocoded. This data is available through a number of different sources, including commercial websites (e.g., localharvest.org) and the Idaho State Department of Agriculture, which provided a list of organic certified local food producers in Idaho. Secondly, we validated their addresses and checked their locations through the end of 2016. In total, 133 active local food producers were identified, and this information was further linked to agricultural production zones to identify the zones with a presence of local food production. Thirdly, a logistic regression analysis was carried out to compare a variety of biophysical characteristics of production zones, including soil characteristics, precipitation, steepness, and locational characteristics such as distance to cities and towns, with the presence of local food production in Northern Idaho to other randomly-chosen agricultural production zones in the region without the presence of these types of agricultural production activities.



Our logistic regression had the following general form:


Logit (Y)=β0+∑i=1nβixi+e



(5)




where xi denotes the observation on various soil and the locational characteristics of the current locations of local food producers (as described in greater detail in the rest of the article). The results of our logistic regression were converted into a likelihood function with 1 being the highest and 0 the lowest. The probability estimates were then applied to all the 2 × 2 km production zones using similar variables. We integrated the probability or suitability scores into the food-distance function mentioned earlier in the optimization exercise. For each production zone, the food distance traveled was multiplied by the probability derived from the logistic regression.



An alternative land-use scenario was developed to explore the ecological benefits of local food production in the northern Idaho region. Based on the preliminary analysis of land supply and demand in the region, a shortage of pastureland for growing feeds exists in the area and current livestock production relies on feed from other areas. Additionally, the Palouse region in the southern part of Northern Idaho is historically famous for soil erosion [25,26]. Hence, converting a portion of cropland used for annual cultivation to perennial agriculture or pasture would be beneficial to reducing soil erosion. In this work, two indices including soil erodibility (SE) and crop productivities (CPI) were employed when converting annually cultivated cropland to pasture. The CPI index was developed by the Natural Resource Conservation Service (NRCS) to represent a rating of potential yield of one soil against another [8]. The highest CPI score is 1, indicating the most productive soil. The soil erodibility score follows the same scheme in that the highest score is given to lands associated with a high risk of soil erosion due to water and/or wind. In the model, lands where the CPI was under 0.3 were intersected with areas that had SE scores above 0.3 to represent not only low-productivity lands but lands that would also suffers from the risk of erosion.





3. Results and Discussion


3.1. Growing Demand for Local Food


Table 3 illustrates the desire for different groups of local food in Northern Idaho. Respondents or local buyers are clearly interested in sourcing local food products. Vegetables and fruits stand out as the most desired products in the region, followed by dairy/meat/eggs. Twenty-eight of the respondents sourced vegetables locally, and nearly half of the respondents were interested in sourcing vegetables from local producers (Table 3). Thirty-four percent of respondents reported they sourced small-plant fruits such as berries from local producers and 47% were interested in sourcing tree fruits locally. More than 30% of the surveyed buyers indicated they had been sourcing or were interested in sourcing dairy products locally. Additionally, over 80% of buyers reported that they were in favor of fresh products, while 20% indicated they preferred canned and processed foods. Clearly, in conjunction with rapid population growth, there has been a growing demand for local food in Northern Idaho. In this regard, a foodshed model was used to gauge whether agricultural capacity at the regional level could theoretically meet this rising demand in this case and to better understand the local food production capacity with respect to land resources [7].




3.2. The Geography of Current Local Food Production


Figure 3 depicts the geography of the current food production locations in Northern Idaho. Although most of the prime farmland is concentrated in a swath of Northern Idaho along the Washington state border, small and local producers are not concentrated in this prime farmland, which is dominated by commodity production. They instead occupy smaller tracts of land in areas typically relatively close to larger resort towns, such as Coeur d’Alene, Sandpoint, and Bonners Ferry in the north (Figure 3). The counties where local food producers are concentrated do not correlate at all with those where the majority of farmland is located; it appears that local food producers tend to locate in smaller parcels of discontinuous suitable land.



From the dataset of 133 local food producers, the different products were classified into different groups (Figure 4). Proximity to populated towns was most marked for vegetables, whereas fruit had a more even distribution along the U.S. 95 corridor that forms the economic spine of Northern Idaho, with meats between vegetables and fruits. Poultry/eggs and dairy tend to cluster closer to populated areas. As also shown in the Figure 4, fruits were grown close to the market, whereas livestock were raised farther out, peaking at 10–20 miles from the market.



The results of the logistic regression further unfold the spatial or locational determinants of local food production compared to conventional agriculture (see Table 4). Most of the factors increased the probability of being used for local food production, including having a higher soil water capacity and smaller distances from major cities. Specifically, increased soil coarseness indicates high-quality farmland; this indicates that local food production tends to locate on more productive soil.




3.3. Foodsheds and Land Use Scenarios


The analysis of yield data and USDA’s ideal diet indicates that each person in the region would require 0.15 ha (0.38 acre) of cultivated land per year and 0.22 ha (0.56 acre) of pasture land, slightly under 0.4 ha or 1 acre per year per person. In 2011, the region had more than 369,952 ha of cultivated cropland and only 6104 ha of pasture. Therefore, the region should have plenty of agricultural land to support the population of 317,752 (Table 5). However, there has been a shortage of pasture land due to the demand for HNEp; a total of 71,442 ha of pasture is needed but the current available pasture is around 6104 ha.



Figure 5 shows the spatial extent of local foodsheds. We found that proximity to the populated towns was most marked for cultivated agriculture, whereas perennial agriculture or pasture foodshed had a more even distribution along the U.S. 95 corridor. Specifically, there was a great potential for local food production, with a particular focus on annually cultivated agriculture, in areas closer to the cities of Coeur d’Alene, Post Falls, and Sandpoint. Likewise, in Latah County, where Moscow is located, although current local food production most often occupies the edges of the major agricultural region where the land is still arable. New potential production zones could be located as close as possible to Moscow, especially if the farms concentrate on producing vegetables and fruits.



Table 6 further illustrates the results of both the baseline model and the alternative land use scenario with an emphasis on land conservation and the soil erosion. The results of the optimization indicate that cities in the northern part had the longest food distances to meet demand compared to the foodsheds centered on smaller-size towns in the southern part of the region, which boasts part of the Palouse agricultural region. Resort towns such as Coeur d’Alene and Sandpoint have attracted new residents for their natural amenities including lakes and mountains. As compared to cultivated foodsheds centered on Moscow and Lewiston, the size of the foodsheds centered on the Coeur d’Alene-Post Falls area incorporates areas farther away (Figure 5). For example, for those areas in proximity to the cities of Coeur d’Alene and Post Falls, the average unit of food derived from annual cropping (e.g., vegetables and fruits) would travel up to 32 miles (or 51 km) and 19 miles (or 30 km) to reach the demand point, as compared to 2.55 miles (or 4.07 km) in the case of the foodshed centered on Moscow and 3.89 miles (or 6.26 km) in the case of Lewiston (Table 6).



The alternative scenario of removing less productive, highly erodible lands further suggests interesting connections between local food systems and farmland or soil conservation. Under the alternative scenario, the total distance each unit of food needs to travel increases from 30.63 miles (or 49.29 km) to 56.19 miles (or 90.43 km), a rise of 183% (Table 6). However, as marginal cropland on erodible soils is converted from annual cropping to perennial agriculture, some additional benefits of growing local food can be generated by exploring the agricultural land surplus in the region [8]. This is more likely in the areas of the Palouse region, which is characterized by the concentration of eroded soils.





4. Conclusions


This study supports both the body of research suggesting a robust and growing demand for food products sourced locally, especially vegetables [27], as well as research that supports the potential to locally-source enough produce to support the population of Northern Idaho [11,12]. The results from our optimization exercise in Northern Idaho indicate that local food production, especially that related to perennial agriculture, can provide an alternative way to use agricultural land that may otherwise be suffering from soil erosion.



The intermediated buyer survey indicates that the demand for local foods, especially for most vegetables and many fruits, is quite high. This suggests that local food producers should concentrate on those selected vegetables and fruits. The demand for local sourcing of other categories of food is more mixed, but there are certain items which are in high demand for local sourcing, including beef, eggs, honey, bread, dairy, and dry peas and lentils. These results provide some nuanced evidence of the attraction of different local food products, which demonstrates that local food is a niche but also a diverse market. Due to the limited number of survey respondents and the lack of inclusion of institutional buyers such as hospitals and school districts, additional intermediated buyer research is needed to better quantify intermediated market demand for local food products in Northern Idaho.



The results of the spatial analysis and modeling characterize the locational attributes of local food producers, supplying key information for the subsequent foodshed analysis. The results of our logistics regression indicate that current producers tend to be located on productive cropland and in the urban fringe. This is particularly true for areas in the vicinities of resort towns in the northern part of the region where farmland prices have skyrocketed in recent years. The cropland in the region should be enough to sustain the whole population in Northern Idaho within an average distance of 30.44 miles (or 49 km) in the context of the Mountain West, which corroborates the result of the prior study of New York State [9], which has somewhat similar moderately rugged terrain and climatic conditions to Northern Idaho. Additionally, when considering perennial agricultural activities centered on local food, possible ecological benefits can be derived from converting farmland cultivated annually to pasture [8], in spite of longer food distances travelled. We argued that in this case, the transport costs or environmental costs associated with food distances may be less important than soil erosion benefits in the Palouse region. Land use policy that promotes the conversion of highly erodible cropland from dryland agriculture production to pasture could be linked to additional benefits derived from locally grown food and small farming, which have been found to have strong socioeconomic impacts in recent studies [21,28].



The main limitation of the study is that it only considered the suitability of existing agricultural land for local food production. The conversion of agricultural land to other land uses has been a key challenge for local food production with respect to land access, given rising farmland values and the issue of farmland ownership [29,30]. In addition, land use scenarios or land consumption could be overestimated if per-hectare yields increase due to improved production methods and efficiencies. Furthermore, soil erodibility was emphasized in the present study as an environmental attribute. It is important to consider the loss of wildlife habitat, water quality, carbon sequestration, and other ecological and social impacts and benefits of land conversion to local food production when relevant data is available. Future research directions could also include infrastructure available and needed for local food processing and distribution, the economic impacts of increasing local food sales in urban areas along the Washington-Idaho border (Clarkston, Pullman, Spokane and Spokane Valley specifically), and the interest and willingness of land owners to convert land from export-oriented dryland agriculture production to producing local food for local markets.
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Figure 1. The Northern Idaho region consisting of 10 counties, located in the Mountain West of USA. 
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Figure 2. Two-kilometer production zones displaying the current distribution of cultivated and pasture lands in Northern Idaho. 
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Figure 3. Locations of Local Food Producers in Northern Idaho. 
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Figure 4. Numbers of farms by product type and distance to nearest cities (in the unit of miles). Source: Local harvest.org and Idaho State Department of Agriculture. 
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Figure 5. Theoretical cultivated and pasture foodsheds in Northern Idaho. 
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Table 1. Number of farms per year by size in Northern Idaho (N=40).
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	Size of Farms
	2007
	2012
	2017
	2007–2012
	2012–2017
	2007–2017





	1 acre to 9 acre
	416
	527
	1026
	26.68%
	94.69%
	146.63%



	10–49 acres
	1541
	1386
	2072
	−10.06%
	49.49%
	34.46%



	50–179 acres
	1376
	1308
	1247
	−4.94%
	−4.66%
	−9.38%



	180–499 acres
	832
	822
	596
	−1.20%
	−27.49%
	−28.37%



	500–999 acres
	340
	315
	272
	−7.35%
	−13.65%
	−20.00%



	1000 acres
	515
	518
	461
	0.58%
	−11.00%
	−10.49%







Source: Agricultural census 2007, 2012, 2017.
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