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Abstract 

There is a significant and growing interaction between the transport sector and the food sector as globalized 
markets continue to increase the demand for ‘food miles’ i.e. the number of miles a food item travels throughout 
its life cycle. The concept of ‘food miles’ has become interesting to the public and policy makers as a way to 
assess the relative carbon footprint of food choices. However, there is currently a lack of information available 
about the transport-related greenhouse gas emissions that would allow to accurately differentiate between food 
items. To help address these current knowledge gaps, this paper presents a transferable methodological approach 
to estimating the transport related CO2 emissions of 10 popular food commodities transported from the farm gate 
to the retailer. The methodology combines GIS, data from the scientific literature and detailed commodity 
specific data from personal communication with one of the largest food retailers in California. To travel from the 
farm gate to the retailer, the amounts of CO2 emissions varied amongst the 10 foods, ranging from 47 g CO2/kg 
oranges, to 78 g CO2/kg almonds. While California was used as a case study, this method would be replicable 
across other locations and food life cycle assessments. 

Keywords: CO2 emission, food commodities, food miles, food transportation methodology 

1. Introduction 

The food sector has a great impact on the environment. It is responsible for around the 20-30% of total 
anthropogenic greenhouse gas (GHG) emissions. Another major contributor to climate change is the 
transportation sector, accounting for about 15% of GHG emissions (Hertwich & Peters, 2009; Pachauri & 
Reisinger, 2007). As markets continue to globalize, the interrelation of the food and transportation sectors 
continues to grow.  

Of the total life-cycle GHG emissions related to the food chain, food production is responsible for more than 
80%, while transportation accounts for less than 15% (Weber & Matthews, 2008). Nevertheless, in the U.S.,  
transportation of food products contributes considerably to air pollution and overall GHG emissions (Egilmez, 
Kucukvar, Tatari, & Bhutta, 2014). Thus, in recent years, an increasing emphasis has been placed on the 
emissions of GHG during the transportation of products and commodities (O’Donnell, Goodchild, Cooper, & 
Ozawa, 2009; Weber & Matthews, 2008; Xu, Sun, Zeng, Liu, & Pu, 2015). Some authors reported that the 
energy used to transport some food products over long distances may be even higher than the amount required 
during their production (Jones, 2002). ‘Food miles’ has been defined as the number of miles a food item travels 
throughout its life cycle (Gaballa, Abraham, Barber, Taylor, & CERES, 2007). This concept of ‘food miles’ has 
become of interest to the general public and for policymakers as a way to assess the relative carbon footprints of 
food choices (Meisterling, Samaras, & Schweizer, 2009). This definition, however, does not account for other 
aspects of the transportation apart from the distance, such as the type of transport (Brodt, Kramer, Kendall, & 
Feenstra, 2013; Meisterling et al., 2009) or the fuel efficiency (Coley, Howard, & Winter, 2011; Egilmez & 
Tatari, 2012). 

Non-trivial differences have been reported for the production of different types of foods according to GHG 
emissions (Clune, Crossin, & Verghese, 2017). There are a few studies about transport-related GHG emissions of 
food (Carlsson-Kanyama, 1998; Jones, 2002), but there is a lack of reliable information available assessing 
different food commodities that would allow to differentiate between food items (Pratt, Mackenzie, & Lockwood 
Sutton, 2017; Weber & Matthews, 2008). 
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To help address these current knowledge gaps, this paper presents a methodological approach to estimating the 
transport-related CO2 emissions of 10 popular food commodities transported from farm gate to retailer in 
California.  

2. Material and Methods 

2.1 Trip Distances 

For all 10 foods, data was analyzed in 3 main stages. The first stage involved the transportation of goods from 
the farm to the processing plant. The second stage included transportation from the processing plant to the 
distribution center, and the final stage involved transport from the distribution center to the retail store(s).  

For stages 1 and 2, it was assumed that every loaded trip had an empty trip associated with it, as the truck has to 
travel to the farm or processing plant empty. Stage 3 involved more complex routing. From the distribution 
center, the same truck delivered to a number of retail stores according to a realistic delivery schedule, which 
varied according to type of commodity (e.g. perishable vs. dry groceries). This information was provided by one 
of the largest food retailers in California (R. Mathias, personal communication). Therefore, the number of stores 
delivered to and the distances between each store were accounted for. All trips (distribution center to store 1, 
store 1 to store 2, store 2 to store 3, and store 3 to distribution center) were calculated.  

To calculate transportation distances from the farm to the processing plant, the biggest producing county in 
California for each of the 10 commodities was identified from the California Agricultural Statistics Review 
(California Department of Food and Agriculture [CDFA], 2014). One of the largest processing plants within the 
same county was also identified via an online search and its physical address was noted. ArcGIS 10.3.1 
(Environmental Systems Research Institute [ESRI], 2015) software was used to process the 2012 California 
Cropland Data Layer (CCDL) (United States Department for Agriculture [USDA], 2012a) in order to identify the 
locations and land cover corresponding to the crops and animal farms within their respective county. The CCDL 
is released by the USDA national Agricultural Statistics Service and depicts agricultural land cover over the 
continental US at a resolution of 30 meters. The CCDL is an annual, geo-referenced, crop-specific data layer 
produced from a combination of satellite imagery and extensive agricultural measurements and observations 
collected during the current growing season (USDA, 2015a). Geographic Information System (GIS)-based 
techniques were employed to geocode each processing plant. The mean distance from each crop field or animal 
farm in the CCDL to the processing plant was calculated and used to define an equidistant perimeter around the 
processing plant. This perimeter was used to create buffers around each processing plant and the distance from 
each captured farm to the processing plant was averaged and used in the CO2 calculations. For the animal 
commodities, the CCDL does not differentiate between cattle and chickens. Therefore the mean distance between 
every cattle and chicken farm and the largest processing plant in the county was used to create an equidistant 
perimeter around the processing plant. Within this perimeter, the distance from each farm to the processing plant 
was averaged and used in the emissions calculations.  

For each commodity, the locations of the two distribution centers in Los Angeles and retail store(s) across 
Southern California provided by the retailer (R. Mathias, personal communication) were geocoded. Each of the 
two distribution centers handles different types of groceries and therefore the route scheduling of each food 
commodity was relative to the appropriate distribution center. The distances from the processing plant to the 
distribution center, and from the distribution center to retail store(s) were subsequently obtained through GIS 
mapping procedures (see figure 1).  
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Figure 1. Map displaying the farmlands within the top producing counties used in this study and the processing 

plants from where food products are transported by truck along the freeway system to reach the distribution 
centers in Los Angeles and then distributed throughout the retail network of supermarkets in southern California. 

The inset map (upper right) locates the study area in the State of California 

 

2.2 Truck Characteristics 

Information provided by the retailer allowed either a direct or an estimated identification of the vehicle 
characteristics at each of the 3 stages for each commodity (R. Mathias, personal communication). This generally 
included a mixture of the vehicle type, size/dimensions, payload capacity, load weight, vehicle capacity 
utilization rate, trip frequency and schedule, and annual delivery weights. The precise format of information 
received from the retailer somewhat varied between the products (see sections 2.2.1 to 2.2.3 for an elaboration 
on almonds, grapes and beef). 

The class of truck used to transport the food commodities from farm gate to the processing plant was assessed 
according to the minimum payload capacity. The class of trucks and their characteristics, including payload 
capacity and fuel efficiency, were provided by the National Academy of Sciences (National Academy of 
Sciences [NAS], 2010). Apples, dried beans, oranges, peaches and watermelons were transported from the farm 
to the processing plant in a class 3 (2.4 ton payload capacity) truck. Grapes and almonds were transported in a 
class 8a (22.7 ton payload capacity) truck, eggs and chicken were transported in a class 6 (5.2 ton payload 
capacity) truck and beef was transported in a class 7 (8.4 ton payload capacity) truck. From the processing plant 
to the distribution center and from the distribution center to the store, all commodities were transported in a class 
8b (24.5 ton payload capacity) refrigerated truck.  

While a standard procedure was generally followed for each commodity (as described above), specific methods 
were also applied when appropriate. To provide further insight into the commodity-specific methods used, a 
detailed description is provided for 3 examples: almonds, grapes and beef. 

2.2.1 Almonds 

The leading county for almond production in California is Fresno (CDFA, 2014). The largest almond processing 
plant in the county of Fresno was located in the city of Modesto. The processing plant receives almonds in loads 
of 50,000 lbs per truck (Superior Almond Hulling [SAH], 2013). Using this load weight, an appropriate truck 
(class 8a) was assigned based on payload capacity required from farm to processing plant (NAS, 2010). 
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2.2.2 Grapes 

The leading county for grape production in California is Fresno (CDFA, 2014). Data on the load weight and the 
specific truck used to transport grapes from the farm to the processing plant were provided (R. Mathias, personal 
communication). A 32 ft. flatbed truck was used to transfer 16 4 ft. wide pallets, each containing 85 packages of 
grapes weighing 19 lbs. each. Using this information, an appropriate truck was assigned from farm to processing 
plant (class 8a) based on payload capacity (NAS, 2010).  

2.2.3 Beef 

The largest beef producer in the State was located in Fresno County, California. The loading space per animal 
from the farm to the slaughterhouse was obtained from published data (Grandin, 2010). A truck length of 24 ft. 
and width of 8 ft. and a weight of 1310 lbs. per animal (USDA, 2015b) would provide space for 11 animals to be 
transported per truck with a minimum payload capacity of 14,410 lbs. Using this information, an appropriate 
truck (class 7) was assigned from farm to processing plant (NAS, 2010). 

2.3 Carbon Emissions 

The current study included the related CO2 emissions to vehicle operation from the farm gate to the retailer, also 
taking into account refrigeration during transport. Transportation of cultivation inputs, such as fertilizer, diesel 
fuel, animal feed, packaging and spoilage/waste produce to disposal sites were not included. CO2 emissions 
related to operations at the processing plant, distribution center, and retail outlet were not included.  

Total CO2 emissions (from farm to retail) (ET) were a sum of CO2 emissions for each trip. We took into account 
the emissions of every fully loaded trip (EL), the emissions of the empty trip associated with it (EE), and the 
complexity of transportation during stage 3 (see section 2.1 for more detail).  

ET = (EL + EE)Farm-Processing plant + (EL + EE)Processing plant-Distribution Center + (EL + EE)Distribution Centre-Retail 

The relative loads of trucks and their fuel efficiency were taken into account. For each trip, 10% of the vehicle 
payload capacity was added to account for the additional weight of tare and packaging, including crates, as 
advised by the retailer (R. Mathias, personal communication). For stage 3, the starting weight and the weight 
unloaded at each store were also factored into the calculations. Equal weight delivery was assumed at each store. 
The truck then returned to the distribution center containing pallet returns, cardboard bundles, and crates.  

To adjust the CO2 calculations for losses due to spoilage and/or processing, the weight change from the farm to 
the retail store was calculated for each commodity. For beef and chicken, the losses were calculated at the 
slaughterhouse/processing plant using live weight-to-carcass weight ratios, combined with carcass 
weight-to-retail meat weight ratios (Nijdam, Rood, & Westhoek, 2012). For all other commodities, losses were 
calculated from the farm to the retailer using loss-adjusted data published by the USDA (USDA, 2012b), except 
for almonds (Environmental Protection Agency [EPA], 1995) and beans (Frate, Klonsky, & De Moura, 2013). 
The weight loss applied at each stage is shown in table 1, equalized to receiving 1 unspoiled kg at the store for 
each commodity. Due to differences in loss factors, the starting weight of each commodity is unique. 

A standard emissions factor (10.15 kg CO2/gallon (EPA, 2011)) for diesel fuel was applied.  

Therefore, 

ET = (EL + EE)Farm-Processing plant + (EL + EE)Processing plant-Distribution Center + (EL + EE)Distribution Centre-Retail 

Where: 

EL= g x ef/wc 

EE = ee x d x l x ef/wc 

 

EL = g CO2 emissions per kg of commodity per loaded trip 

EE = g CO2 emissions per kg of commodity per empty trip 

g = gallons of fuel used: e x d x wf x l 

e = gallons/ton-km (1/tons payload capacity x km per gallon) 

d = trip distance (km) 

wf = load weight of commodity, tare and packaging (tons) (payload capacity x capacity utilization rate) 

ef = emissions factor (10.15 kg CO2/gallon) for diesel fuel 
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l = weight loss factor due to spoilage/processing (%) 

wc = load weight of commodity (tons) (payload capacity x capacity utilization rate) 

ee = gallons per km (1/km per gallon of empty truck) 

The main results were reported as CO2 emissions related to the transportation of one kg of product at the store. 
We performed other secondary analyses to assess carbon emissions of food commodities. We used energy data 
from the U.S. Standard Nutrient Database (USDA, 2014) to assess the CO2 emissions according to energy 
provided by the foods (g CO2 emissions per 1000 kcal). To compare from an efficiency perspective, we also 
report emissions controlling for distance in order to highlight other important aspects of CO2 emissions from 
transportation irrespective of it. To derive equal distances, the distances at each stage were averaged across all 10 
commodities. The average distance for each stage was then applied to each commodity. CO2 emissions per kg 
per 1000 km is also presented, in order to check the efficiency and the distance at the same time. 

3. Results 

According to table 1, the food commodities that lost more weight from farm gate to the retail were almonds, beef 
and chicken (to obtain 1kg of product at retail, the weight at farm gate were 5.15, 2.73 and 1.83 kg, respectively). 
For these three products, the majority of the weight lost occurred at the processing plant. For the rest of the 
products, the weight loss was minor.  

 

Table 1. Weight and weight loss at each stage of the distribution chain relative to delivering 1 kg at the store 

 Weight at 

farm gate 

kg* 

Processing plant Distribution Center Retail Store 

Commodity 
Weight 

loss % 

Exit weight 

kg 

Weight 

loss % 

Exit weight 

kg 

Weight 

loss % 

Exit weight 

kg 

Almonds 5.15 80.0 1.02 1.0 1.01 1.0 1 

Apples 1.04 1.3 1.03 1.3 1.01 1.3 1 

Dried beans 1.11 8.0 1.02 1.0 1.01 1.0 1 

Grapes 1.09 3.0 1.06 3.0 1.03 3.0 1 

Oranges 1.03 1.0 1.02 1.0 1.01 1.0 1 

Peaches 1.05 1.7 1.03 1.7 1.02 1.7 1 

Watermelon 1.10 3.3 1.06 3.3 1.03 3.3 1 

Eggs 1.02 0.5 1.01 0.5 1.01 0.5 1 

Chicken 1.83 43.2 1.04 2.0 1.02 2.0 1 

Beef 2.73 61.8 1.04 2.0 1.02 2.0 1 

*Due to differences in loss factors, the starting weight of each commodity is unique. 

 

According to data reported in figures 2 and 3 (which present the distance travelled and CO2 emissions at each of 
the 3 distribution stages, respectively, not including empty back haul, weight loss adjustment at any stage or 
animal feed (for the animal products)), we observed that, at the store, eggs showed the furthest travelled distance 
(739.7 km), while dried beans had the highest total CO2 emissions related to transportation (47.8 g CO2) 
followed closely by watermelon (47.2 g CO2). Oranges were the food commodity that showed the shortest 
distance and the lowest emissions from farm gate to retail (437.1 km and 29.7 g CO2). By stages, from the farm 
to the processing plant, almonds travelled the farthest (38.3 km) but were not the food commodity with the 
highest amount of emissions from transportation (4.8 from almonds vs 8.6 g CO2 from dried beans, the food with 
the highest emissions). From the processing plant to the distribution center, apples were the product that showed 
the highest values in both assessments (518 km and 38.1 g CO2), while oranges presented the lowest figures for 
both distance and emissions (252.2 km and 18.5 g CO2). From the distribution center to the store, eggs, chicken 
and beef travelled the farthest (276.6 km) and showed the highest emission during this stage (8.1 g CO2). 
Almonds and dried beans were the items that travelled the shortest distance and emitted the least (108.4 km and 
4.5 g CO2). For all commodities, the longest stage was from the processing plant to the distribution center, which 
was also the stage associated with greater CO2 emissions. 
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Figure 2. Kilometers at each stage based on the actual load weights transported, distance and truck type for each 
commodity* 

*Does not include empty back haul, weight loss adjustment at any stage. 

 

 
Figure 3. CO2 emissions at each stage based on the actual load weights transported, distance and truck type for 

each commodity* 

*Does not include empty back haul, weight loss adjustment at any stage 

 

Table 2 shows the total CO2 emissions related to each commodity at all stages and the percentage of the total 
emissions, including adjustments for weight loss and accounting for empty back haul trips (table 1). By weight at 
the store, almonds had the highest total CO2 emissions related to transportation (78 g CO2/kg), while oranges had 
the lowest amount of CO2 (47 g CO2/kg). For all commodities, stage 2 (processing plant to distribution center) 
produced more than the half of the total CO2 emissions. When comparing among different food commodities, 
this stage made up 84% of the total emissions for the transportation of apples, and, at the same time, their 
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transportation emitted the most during this stage (61 g CO2/kg). It was relatively less intense for almonds (54 % 
of its total emissions (42 g CO2/kg)). However, oranges were the product that emitted the least (30 g CO2/kg). 

 

Table 2. g CO2 from transport* at each stage to deliver 1kg of commodity at the store, with % of total  

Commodity 
Farm to processing 

plant (%) 

Processing plant to 

distribution center (%) 

Distribution center to 

store (%) 

Total g 

CO2/kg  

Almonds 29 (37) 42 (54) 7 (9) 78 

Apples 4 (5) 61 (84) 8 (11) 73 

Dried beans 16 (21) 53 (71) 6 (8) 75 

Grapes 4 (7) 38 (77) 8 (16) 50 

Oranges 9 (20) 30 (63) 8 (17) 47 

Peaches 9 (17) 35 (68) 8 (15) 52 

Watermelons 8 (11) 60 (79) 8 (10) 76 

Eggs 7 (10) 56 (76) 11 (15) 73 

Chicken 13 (20) 42 (63) 11 (17) 66 

Beef 18 (27) 38 (57) 11 (16) 68 

*the figures presented factor in weight loss adjustment and empty back haul 

 

On a calorie provision basis, watermelons had the highest associated CO2 emissions (253 g CO2/1000 kcal), 
while almonds had the lowest (13 g CO2/1000 kcal) (table 3). Controlling for distance gave beef the highest CO2 
emissions per kg of commodity (171 g CO2) and grapes the lowest CO2 emissions (116 g CO2/kg) (table 3). All 
10 commodities showed almost identical results when distance was factored in (table 3). 

 

Table 3. Total g CO2 from transport for each commodity from farm to the store* in relation to calorie return, 
controlling for distance** and taking distance into account 

Commodity 
g CO2/1000 kcal  

of commodity 

g CO2/ 

kg** 

g CO2/ 

kg/1000Km 

Almonds 13 155 59.8 

Apples 140 148 56.9 

Dried beans 22 147 64.3 

Grapes 72 116 54.5 

Oranges 96 146 61.8 

Peaches 133 147 61.1 

Watermelons 253 149 59.5 

Eggs 51 136 58.2 

Chicken 31 160 61.2 

Beef 23 171 63.6 

*the figures present factor in weight loss adjustment and empty back haul  

** the distances at each stage were averaged across all 10 commodities. The average distance for each stage was 
then applied to each commodity. 

 

4. Discussion 

This analysis combined primary and secondary data sources to develop a methodology for assessing transport 
related CO2 emissions for 10 popular food commodities grown, distributed and sold in California by one of the 
largest retailers. This method is replicable for future assessments of transport-related food emissions across other 
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locations and commodities. While the primary objective was to develop a transferable methodology, the results 
revealed some interesting findings. We demonstrate that a variety of factors aside from food miles were  all 
important factors in overall emissions, including the fuel efficiency of the trucks and weight changes between 
stages. Additionally, we show variability regarding transport-related CO2 emissions among different 
commodities. 

California is a useful example as it produces a large range of commodities grown on large-scale farms and 
processed by major handlers. Using California as a case study also has the advantage that the scale of the area 
makes the methodology relevant to some countries. In this case, the methodology could represent domestic food 
flows, for example in the UK. 

Food policy-makers assess the sustainability of food transportation focusing exclusively on the distance that a 
food item travels throughout its life cycle (food miles). Our results confirmed previous analyses reporting that 
the average distance travelled per commodity was around 1065 km, similar to the average distance of 1092 km in 
our analysis (Pratt, 2013). However, others showed an average of 1650 km from producer to retail (Weber & 
Matthews, 2008), which is much higher than our data. Their assessment of the food miles did not use as reliable 
data as we used in the current study. For example, we used real data from the location of farms, processing plants, 
distribution center and stores. Additionally, geospatial techniques were utilized when assessing distance. This 
trustworthy information was not considered in previous studies (Weber & Matthews, 2008).  

In spite of the increasing attention focused on food miles, our results concur with previous assessments which 
showed that food miles are of little value per se (Brodt et al., 2013; Coley, Howard, & Winter, 2009; Coley et al., 
2011). We observed that a longer distance is not equivalent to higher emissions (figures 2 and 3, and table 3). In 
fact, some authors reported that assessing the environmental impact of food transportation just by food miles is 
too simplistic as it overlooks other relevant sustainability matters (Passel, 2013). Instead, it appears that a range 
of factors together influence overall CO2 emissions without any one dominant factor. The unadjusted data 
(figures 2 and 3) shows that distance and CO2 emissions are not as closely correlated as might be expected. This 
is a result of non-identical trucks being used across the commodities, which resulted in differences in fuel 
efficiency. For example, grapes travelled further than peaches yet had lower associated CO2 emissions as they 
were transported in a much more fuel-efficient truck from the farm to the processing plant. This also applied 
between stages for the same commodity. For example, for almonds, stage 2 was around 10 times the distance of 
stage 1, however the carbon emissions increased only by a factor of 5. Also, stage 3 was more than 2 times the 
distance of stage 1, yet had fewer CO2 emissions (figure 3). These results are due to differences in the fuel 
efficiency of trucks (for almonds the fuel efficiency was 57 ton miles per gallon in stage 1 compared to 98 ton 
miles per gallon in stages 2 and 3). The importance of taking into account the fuel efficiency of the means of 
transportation has been already reported (Egilmez & Tatari, 2012). In fact, the implementation of plans to 
increase the utilization of more efficient vehicles has been proposed as a potential measure to reduce the CO2 
emissions (Egilmez & Tatari, 2012). When weight loss and empty back haul trips were also factored in, the 
relationship between distance and CO2 emissions became even less dramatic. For example, almonds and grapes 
were from the same source area and therefore had very similar unadjusted distances and CO2 emissions (figures 
2 and 3), yet had very different emissions after adjusting for weight changes (table 2). While weight loss was 
very important for the total emissions of almonds, this was less important for beef, which had lower emissions 
than eggs (table 2) despite a much greater weight loss associated with beef (table 1). These findings confirm 
Coley et al. (2011) when reporting that GHG emissions related to transportation would depend on the food miles, 
the mode of transportation used and the amount of product transported (Coley et al., 2011). 

We observed clear differences in CO2 emissions from the transportation of the same amount of different food 
commodities, ranging from 47 to 78 g CO2 per kg of product. As we reported here, most of the analysis assessing 
food sustainability consider CO2 emissions in terms of weight of food. Nevertheless, it is also important to 
consider this assessment in relation to other relevant food aspects, as energy provision, as the results could be 
altered significantly (Weber & Matthews, 2008). We observed that while almonds had the highest associated CO2 
emissions on a weight basis, they had the lowest CO2 emissions in terms of calories provided (table 3). There 
was a much higher variation in CO2 emissions based on energy return amongst the fruits (which tend to have a 
low energy density), ranging from 72-253g CO2/1000 kcal), compared to the high protein and energy dense 
commodities (almonds, beans, chicken and beef), with a range of 13-31g CO2/1000 kcals (table 3).  

As with every analysis, assumptions were made regarding the transportation pathways, distances, and backhaul. 
In reality, such assumptions will vary due to numerous factors including modal use, commodity, and distribution 
practices (O’Donnell et al., 2009). In turn, the results could vary dramatically. For example, just varying 
assumptions related to empty backhaul and vehicle utilization can lead to substantial reductions in emissions 



jsd.ccsenet.org Journal of Sustainable Development Vol. 11, No. 6; 2018 

55 
 

(Facanha & Horvath, 2007). Also, the results showed that weight loss was an important determinant of CO2 
emissions. The reliability of such factors is therefore very important. It is possible that future analyses could 
improve on the data used in this analysis. For example, the data sourced losses for watermelons and grapes from 
first distribution to the retail store, were 10% and 9% respectively, whereas for eggs this figure was much lower 
at 1.5% (USDA, 2012b), despite the high likelihood of losses due to shell breakage.  

This study is exclusively focused on road transportation. Rail and shipping modes tend to be much more efficient 
and hence emit less CO2 per km travelled per unit of commodity in comparison to road vehicles (O’Donnell et 
al., 2009). Therefore, the results presented here, which exclusively used road freight transport, could be lower if 
more efficient modes were used. However, it should be emphasized that road transport moves around two thirds 
of freight tonnage in the U.S., and accounts for 78% of CO2 emissions from freight (US Department of 
Transportation [DOT], 2005). Road transport is also the main mode for food freight tonnage in the U.S. (DOT, 
2015), and the main mode for most non-domestic imports and exports to and from the U.S. (DOT, 2013). Hence, 
our results are relevant to current issues and trends related to freight transportation.  

The results presented here account for less than half of all transport-related food emissions (Weber & Matthews, 
2008). Transportation of cultivation inputs, such as fertilizer, diesel fuel, and packaging were not included, which 
can account for around 45% of the total transport emissions (Manfredi & Vignali, 2014).  While the majority 
(77%) of CO2 emissions from road transport arise from tailpipe emissions, the results presented here would be 
higher if all transport related emissions were included, such as those resulting from vehicle manufacturing, 
maintenance, and end of life, infrastructure construction, operation, maintenance, and petroleum exploration, 
refining, and fuel distribution (Facanha & Horvath, 2007). 

The focus on CO2 emissions in this analysis excludes other emissions of gasses with greenhouse effect, such as 
NOx, SOx and O3. The US Department of transportation has recently reported that CO2 from fossil fuel 
combustion is responsible for almost all (95%) GHG emissions from transportation sources (DOT, 2017). Thus, 
it does not seem probable that the main result would significantly change taking the other gasses emissions into 
account. We did not assess other transportation externalities, such as traffic congestion, road accidents, noise 
pollution (Coley et al., 2009), and other adverse health effects on local communities (Soret, Montgomery, & 
Spencer-Hwang, 2015). Future methodological developments of transport-related food emissions could thus be 
improved by taking into account the limitations discussed here. 

Besides the observed variation in CO2 emissions derived from the transportation of different food commodities, 
it is essential for the assessment of food sustainability to consider the overall lifecycle impacts of the food. Some 
authors have previously pointed out that the life cycle approach is more suitable than transportation (Coley et al., 
2011). In fact, the food emissions derived from their transportation on average represents a relatively small 
proportion (11%) of total emissions from production  to post-consumer waste disposal (Weber & Matthews, 
2008). The fact that a food had been produced near the destination does not necessarily imply that is more 
sustainable (Pratt et al., 2017). For example, tomatoes grown in Sweden to be consumed in Sweden resulted in 
higher CO2 emissions compared to tomatoes imported from the Netherlands and Spain, which had the lowest 
associated CO2 emissions (Carlsson-Kanyama, 1997). A previous study assessing food production and its 
transportation came to the conclusion that emissions related to transportation could vary among different food 
products, but the distance travelled is not such a relevant factor when assessing the whole sustainability of a 
product (Weber & Matthews, 2008). It has been reported that the emissions related to the production of different 
foods, and the differences among these values, are much higher than the emissions derived from food 
transportation (Clune et al., 2017).  

5. Conclusion 

This analysis combined primary and secondary data sources together with geospatial technologies to develop a 
methodology for assessing transport- related CO2 emissions for 10 popular food commodities, conventionally 
grown, distributed and sold in California. While California was used as a case study, this method is replicable 
across other locations and commodities. Future assessments of transport-related food emissions could further 
progress the method developed here by taking into account the associated limitations. Nevertheless, 
policy-makers should consider the overall lifecycle of the food when making decisions according to the global 
sustainability of food.  

Acknowledgments 

This research was funded by the McLean Fund for Nutrition Research at Loma Linda University. 

 



jsd.ccsenet.org Journal of Sustainable Development Vol. 11, No. 6; 2018 

56 
 

References 

Brodt, S., Kramer, K. J., Kendall, A., & Feenstra, G. (2013). Comparing environmental impacts of regional and 
national-scale food supply chains: A case study of processed tomatoes. Food Policy, 42, 106-114. 
https://doi.org/10.1016/j.foodpol.2013.07.004 

California Department of Food and Agriculture. (2014). California Agricultural Statistics Review 2012-2013. 
California Department of Food and Agriculture. Retrieved from 
https://www.cdfa.ca.gov/Statistics/PDFs/2013/FinalDraft2012-2013.pdf 

Carlsson-Kanyama, A. (1997). Greenhouse Gas Emissions in the Life-Cycle of Carrots and Tomatoes: methods, 
data and results from a study of the types and amounts of carrots and tomatoes consumed in Sweden, with 
arable land use. IMES/EESS Report No. 24, Department of Environmental and Energy Systems Studies, 
Lund University, Sweden. Retrieved from http://ntl.bts.gov/lib/15000/15100/15145/DE97763079.pdf 

Carlsson-Kanyama, A. (1998). Climate change and dietary choices—how can emissions of greenhouse gases 
from food consumption be reduced? Food Policy, 23(3-4), 277-293.  

Clune, S., Crossin, E., & Verghese, K. (2017). Systematic review of greenhouse gas emissions for different fresh 
food categories. Journal of Cleaner Production, 140(Part 2), 766-783. 
https://doi.org/10.1016/j.jclepro.2016.04.082 

Coley, D., Howard, M., & Winter, M. (2009). Local food, food miles and carbon emissions: A comparison of 
farm shop and mass distribution approaches. Food Policy, 34(2), 150-155. 
https://dx.doi.org/10.1016/j.foodpol.2008.11.001 

Coley, D., Howard, M., & Winter, M. (2011). Food miles: time for a re‐think? British Food Journal, 113(7), 
919-934  

Egilmez, G., & Tatari, O. (2012). A dynamic modeling approach to highway sustainability: Strategies to reduce 
overall impact. Transportation Research Part A: Policy and Practice, 46(7), 1086-1096. 
https://doi.org/10.1016/j.tra.2012.04.011 

Egilmez, G., Kucukvar, M., Tatari, O., & Bhutta, M. K. S. (2014). Supply chain sustainability assessment of the 
U.S. food manufacturing sectors: A life cycle-based frontier approach. Resources, Conservation and 
Recycling, 82, 8-20. https://dx.doi.org/10.1016/j.resconrec.2013.10.008 

Environmental Systems Research Institute. (2015). ArcGIS Desktop Release 10.3.1. Environmental Systems 
Research Institute, Inc. Redlands, California.  

Facanha, C., & Horvath, A. (2007). Evaluation of life-cycle air emission factors of freight transportation. 
Environ Sci Technol, 41(20), 7138-7144.  

Frate, C., Klonsky, K., & De Moura, R. (2013). Sample costs to produce blackeye beans. Single cropped. SAN 
JOAQUIN VALLEY – SOUTH. Tulare County. Department of Agricultural and Resource Economics, UC 
Davis.  

Gaballa, S., Abraham, A. B., Barber, A., Taylor, G., & CERES Community Environment Park. (2007). Food 
miles in Australia: a preliminary study of Melbourne, Victoria. CERES Community Environment Park, East 
Brunswick. 

Grandin, T. (2010). Recommended Animal Handling Guidelines and Audit Guide for Cattle, Pigs, and Sheep 
(2005 Edition, with 2007 and 2010 Updates). AMI Foundation. Published by American Meat Institute 
Foundation. Retrieved from http://www.grandin.com/RecAnimalHandlingGuidelines.html 

Hertwich, E. G., & Peters, G. P. (2009). Carbon footprint of nations: a global, trade-linked analysis. Environ Sci 
Technol, 43(16), 6414-6420.  

Jones, A. (2002). An Environmental Assessment of Food Supply Chains: A Case Study on Dessert Apples. 
Environmental Management, 30(4), 560-576.  

Manfredi, M., & Vignali, G. (2014). Life cycle assessment of a packaged tomato puree: a comparison of 
environmental impacts produced by different life cycle phases. Journal of Cleaner Production, 73, 275-284. 
https://dx.doi.org/10.1016/j.jclepro.2013.10.010 

Meisterling, K., Samaras, C., & Schweizer, V. (2009). Decisions to reduce greenhouse gases from agriculture 
and product transport: LCA case study of organic and conventional wheat. Journal of Cleaner Production, 
17(2), 222-230. https://doi.org/10.1016/j.jclepro.2008.04.009 



jsd.ccsenet.org Journal of Sustainable Development Vol. 11, No. 6; 2018 

57 
 

National Academy of Sciences. (2010). Technologies and Approaches to Reducing the Fuel Consumption of 
Medium- and Heavy-Duty Vehicles. Table II.A.1 - NAS Report Table 2-1: Comparing Light Duty Vehicles 
with Medium and Heavy Duty Vehicles. National Academy of Sciences. The National Academies Press. 
Committee to Assess Fuel Economy Technologies for Medium- and Heavy-Duty Vehicles; National 
Research Council; Transportation Research Board. Washington, D.C.  

Nijdam, D., Rood, T., & Westhoek, H. (2012). The price of protein: Review of land use and carbon footprints 
from life cycle assessments of animal food products and their substitutes. Food Policy, 37(6), 760-770. 
https://doi.org/10.1016/j.foodpol.2012.08.002 

O’Donnell, B., Goodchild, A., Cooper, J., & Ozawa, T. (2009). The relative contribution of transportation to 
supply chain greenhouse gas emissions: A case study of American wheat. Transportation Research Part D: 
Transport and Environment, 14(7), 487-492. https://doi.org/10.1016/j.trd.2009.05.003 

Pachauri, R. K., & Reisinger, A. (2007). Climate Change 2007: Synthesis Report. Contribution of Working 
Groups I, II and III to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change. 
Intergovernmental Panel on Climate Change, Geneva, Switzerland. 

Passel, S. V. (2013). Food miles to assess sustainability: A revision. Sustainable Development, 21(1), 1-17.  

Pratt, S. (2013). Minimising food miles: issues and outcomes in an ecotourism venture in Fiji. Journal of 
Sustainable Tourism, 21(8), 1148-1165.  

Pratt, S., Mackenzie, M., & Lockwood Sutton, J. (2017). Food miles and food choices: the case of an upscale 
urban hotel in Hong Kong. Journal of Sustainable Tourism, 25(6), 779-795.  

Soret, S., Montgomery, S., & Spencer-Hwang, R. (2015). Project ENRRICH: A Public Health Assessment of 
Residential Proximity to a Goods Movement Railyard. Final Report to the BP/South Coast Air Quality 
Management District (AQMD) Public Benefits Oversight Committee. Retrieved from 
http://www.aqmd.gov/docs/default-source/clean-air-plans/clean-communities-plan/enrrich_final_report_29
may2014.pdf?sfvrsn=2 

Steinfeld, H., Gerber, P., Wassenaar, T., Castel, V., Rosales, M., & de Haan C. (2006). Livestock's long shadow; 
environmental issues and options. FAO, 2006, 1-407. 

Superior Almond Hulling. (2013). Our expanded transportation fleet. The stats. Superior Almond Hulling. 
Retrieved from http://superioralmond.com/news/expanded-transportation-fleet/ 

United States Department for Agriculture. (2012a). 2012 California Cropland Data Layer. Washington D.C. 
Retrieved from https://www.nass.usda.gov/Research_and_Science/Cropland/metadata/metadata_ca12.htm 

United States Department for Agriculture. (2012b). Food loss-adjusted food availability data sheets. Retrieved 
from http://www.ers.usda.gov/data-products/food-availability-(per-capita)-data-system.aspx#26705 

United States Department for Agriculture. (2014). National Nutrient Database for Standard Reference. Release 
26. Retieved from https://ndb.nal.usda.gov/ndb/ 

United States Department for Agriculture. (2015a). CropScape - Cropland Data Layer. USDA National 
Agricultural Statistics Service. Washington, DC. Retrieved from 
https://www.nass.usda.gov/Research_and_Science/Cropland/SARS1a.php 

United States Department for Agriculture. (2015b). Area weekly weighted average direct slaughter cattle. Live 
fob basis - Beef Breeds. United States Deparment for Agriculture. Retrieved from 
http://www.ams.usda.gov/mnreports/lm_ct150.txt 

US Department of Transportation. (2005). Chapter 2: National Freight Transportation Trends and Emissions. 
Assessing the Effects of Freight Movement on Air Quality at the National and Regional Level. US 
Department of Transportation. Retrieved from 
https://www.fhwa.dot.gov/Environment/air_quality/research/effects_of_freight_movement/chapter02.cfm 

US Department of Transportation. (2013). Freight facts and figures 2013. US Department of Transportation. 
Retrieved from 
https://ops.fhwa.dot.gov/freight/freight_analysis/nat_freight_stats/docs/13factsfigures/pdfs/fff2013_highres.
pdf 

US Department of Transportation. (2015). Freight Analysis Framework. Data Tabulation Tool - Food Freight 
Tonnage by Mode, 2012. US Department of Transportation. Retrieved from 
http://faf.ornl.gov/faf4/Extraction0.aspx 



jsd.ccsenet.org Journal of Sustainable Development Vol. 11, No. 6; 2018 

58 
 

US Department of Transportation. (2017). Transportation GHG Emissions and Trends. US Department of 
Transportation. Retrieved from 
https://www.transportation.gov/sustainability/climate/transportation-ghg-emissions-and-trends  

US Environmental Protection Agency. (1995). 9.10.2.1 Almond processing. Food and Agricultural Industry. US 
Environmental Protection Agency. Retrieved from 
http://www3.epa.gov/ttnchie1/ap42/ch09/final/c9s10-2a.pdf 

US Environmental Protection Agency. (2011). Fuel Emission Coefficients. Table 2: Carbon Dioxide Emission 
Factors for Transportation Fuels. US Environmental Protection Agency. Retrieved from 
http://www.eia.gov/oiaf/1605/coefficients.html#tbl2. 

Weber, C. L., & Matthews, H. S. (2008). Food-Miles and the Relative Climate Impacts of Food Choices in the 
United States. Environmental science & technology, 42(10), 3508-3513.  

Xu, Z., Sun, D.-W., Zeng, X.-A., Liu, D., & Pu, H. (2015). Research Developments in Methods to Reduce the 
Carbon Footprint of the Food System: A Review. Critical Reviews in Food Science and Nutrition, 55(9), 
1270-1286.  

 

Copyrights 
Copyright for this article is retained by the author(s), with first publication rights granted to the journal. 

This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution 
license (http://creativecommons.org/licenses/by/4.0/). 

 


