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a b s t r a c t 

The aim of this work is to review the state and performance of the food cold chain in Canada, highlight 

current and potential research on the cold chain, and identify areas for improvement. The cold chain 

in Canada faces unique challenges related to the succession of warm (summer) and freezing (winter) 

conditions during the year, the long transportation distances, and the presence of hundreds of north- 

ern communities not accessible year-round by road, rail or sea. Time-temperature profiles indicate that 

the temperature of perishable foods is successfully kept in the desired range along a typical Canadian 

four-step cold chain in winter but that improvements should be made to lower the temperature during 

transportation and storage at the processor in summer. The recent development of the Canadian GIS- 

based Risk Assessment, Simulation, and Planning (CanGRASP) tool represents a significant achievement 

that will make it possible to simulate the performance of the cold chain at a national scale and opens 

promising avenues for preventing foodborne outbreaks and investigating new food management systems 

designed to reduce food waste and energy consumption. Making community-specific adjustments to cold 

chains that deliver food to northern communities should be a major priority for future cold chain im- 

provements, as it could help alleviate their higher-than-average concerns about food security. 

Crown Copyright © 2018 Published by Elsevier Ltd. All rights reserved. 

Chaîne du froid alimentaire au Canada: Aperçu législatif, scientifique et prospectif 
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. Introduction 

Temperature is the main factor affecting the safety and qual-

ty of perishable foods ( Hertog et al., 2014 ). To avoid shrinkage

nd the growth of foodborne pathogens, most fruits, vegetables,

eafood products, meat, and dairy products need to be kept chilled

r frozen throughout all steps from production to consumption.

he temperature of chilled or frozen foods is controlled through-

ut most supply chains using refrigeration systems. The series of

efrigeration operations used to keep foods at the required tem-

erature is referred to as the cold chain. 

The critical role of the cold chain with respect to food waste is

ell established. The cold chain can cause food waste if it involves

nappropriate food management, which creates local oversupplies

r prolongs storage periods, or inappropriate storage conditions,
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hich decrease food shelf life ( Young, 2012; Jedermann et al.,

014; Gwanpua et al., 2015 ). In Canada, it is estimated that nearly

alf (40%) of the food produced is wasted ( Young, 2012 ). Food

aste has a significant economic impact: the food wasted annually

n Canada is worth more than $25 billion, nearly 2% of Canada’s

ross domestic product ( Young, 2012 ). Additional consequences

f food waste include the loss of the energy consumed for food

rocessing and storage, the production of methane and other

reenhouse gases during food degradation, and the societal impact

f wasting food in a world where the population is constantly

rowing and land resources are reaching the saturation point

 Young, 2012; Jedermann et al., 2014; Gwanpua et al., 2015 ). 

The cold chain also has a significant environmental impact due

o its high energy consumption and the leakage of refrigerants into

he atmosphere ( Gwanpua et al., 2015 ). Refrigeration is an energy-

ntensive process that accounts for 15% of worldwide electricity

roduction ( Coulomb, 2008 ). Leakage of refrigerants is responsi-
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Fig. 1. Value, in Canadian dollars, of chilled or frozen foods imported to and ex- 

ported from Canada in 2014 (data taken from: Agriculture and Agri-Food Canada, 

2015a,b,c,d,e; Canadian Dairy Information Centre, 2015 ). 
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ble for approximately 15% to 20% of the global warming effect

of refrigeration ( Garnett, 2007; Coulomb, 2008; James and James,

2010 ). In addition, significant greenhouse gas emissions are caused

by fuel consumption by mobile refrigeration units, and air trans-

port is the most energy-intensive method of transporting food: it

is estimated that the same amount of fuel can transport 5 kg of

food 3800 km by ship, 2400 km by rail, or 740 km by truck, but

only 43 km by air ( Brodt et al., 2007 ). In the United Kingdom, it

is estimated that food refrigeration is responsible for 2% to 4%

of the country’s total greenhouse gas emissions ( Garnett, 2007 ).

Food refrigeration and the cold chain are also believed to con-

tribute significantly to Canada’s greenhouse gas emissions, espe-

cially considering the significant distances to market and the re-

liance on air transport to supply northern communities ( Nutrition

North Canada, 2015 ). 

The cold chain varies significantly from region to region around

the world. Cold chains need to be adjusted in response to several

factors, including legislation, market trends, imported and exported

products, climate, transport distances, available technologies, and

sources of energy. The purpose of this article is to review the state

of the food cold chain in Canada. First, an overview of the food

industry, focusing on chilled and frozen foods, is presented. Next,

relevant legislation is introduced, followed by a description of the

characteristics and challenges inherent to the Canadian food cold

chain. Last comes a discussion of current and prospective research

projects on the application of GIS-based approaches for simulating

and improving the cold chain in terms of food safety and quality

and energy efficiency. 

2. Trade balance for chilled or frozen foods 

Cold chains can be significantly different for imported and

exported foods. For imported foods, the destination of the cold

chain is generally consumption-related, and the end points of

many cold chains are dense consumer markets. By contrast, the

cold chain for exported foods starts with production or processing,

which means that the starting points of many cold chains are

sparsely distributed across farms or processing plants. The cold

chain for exported foods may also encompass a smaller range

of food products, as it is limited to food produced or processed

locally ( Rodrigue, 2014 ). 

Relevant resources on food imports and exports can be found

in the industry reports published yearly by Agriculture and Agri-

Food Canada and the monthly updates of the Canadian Inter-

national Merchandise Trade Database maintained by Statistics

Canada. Canada is a major exporter of fresh, chilled and frozen

meat, especially bovine products and pork, as well as seafood prod-

ucts ( Fig. 1 ). However, Canada imports most of its fruits and veg-

etables because local production is relatively limited given the
ountry’s cold climate. The state (chilled or frozen) of imports and

xports is specific to the food product. The majority of bovine

roducts and salmon products that are imported and exported are

resh or chilled, while the majority of pork imports, crab exports

nd lobster exports are frozen ( Fig. 2 ). The trade balance of perish-

ble food shows significant yearly variations. As an example, Fig.

 shows the trade balance for beef and veal from 2010 to 2016.

he trade balance became negative in 2011 and 2012, owing to the

trength of the Canadian dollar relative to the American dollar, the

xportation of low-value meat cuts, and the decline in the size

f the Canadian beef herd ( Chan, 2012 ). Exports nearly doubled

rom 2012 to 2016, leading to a significant improvement in the

rade balance. From 2015 to 2016, imports decreased by $0.3 billion

nd the trade balance reached $0.9 billion, the highest level since

006 ( Agriculture and Agri-Food Canada, 2017 ). The United States

s Canada’s largest trading partner by a wide margin, owing to its

eographic proximity and dense population, and the trade agree-

ents between the two countries. Approximately 50% of Canada’s

ood trade (imports and exports) takes place with the United

tates. Other major trading partners include China, Japan and Mex-

co ( Prentice and McLachlin, 2008; Farm Credit Canada, 2014 ). 

. Food safety legislation 

The food safety controls in place in Canada are mainly at the

ederal level. The industry must comply with the requirements

nd good manufacturing practices established under the Food and

rugs Act, Safe Food for Canadians Act, Meat Inspection Act, Canadian

gricultural Products Act , and Fish Inspection Act , as well as their

egulations. To that end, the industry has three main public part-

ers. Health Canada establishes food safety requirements, policies

nd guidelines in accordance with the relevant acts and regula-

ions. The Canadian Food Inspection Agency is responsible for en-

orcement and has developed the Canadian Food Safety and Quality

rogram, which outlines the requirements for effective food safety

anagement systems ( Canadian Food Inspection Agency, 2014 ).

griculture and Agri-Food Canada provides technical and scientific

upport to the food industry. Additional legislation, codes or guide-

ines are also in place at the provincial level for food processing

lants outside federal jurisdiction or in addition to the federal leg-

slation ( Jol et al., 2007; Quigley, 2014 ). It is important to note that

egulations on the safety and quality of perishable food are con-

tantly being reviewed to take into account changes in technolo-

ies, good practices and international standards ( Jol et al., 2006 ).

s an example, public consultations were carried out in early

017 in Canada regarding the proposed Safe Food for Canadians

egulations ( Canadian Food Inspection Agency, 2017 ). These new

egulations are anticipated in 2018 and would replace the regula-

ions made under the Meat Inspection Act , the Canadian Agricultural

roducts Act , and the Fish Inspection Act , with the objective of mod-

rnizing current regulatory frameworks and providing regulations

ith consistent requirements for all food products that are inter-

ationally recognized ( Canadian Food Inspection Agency, 2017 ). 

The critical role of the cold chain in the preservation of

ood safety and quality is recognized by regulatory institutions

n Canada ( Jol et al., 2007 ). The Canadian Food Safety and Qual-

ty Program encourages stakeholders in the cold chain, including

hose involved in food transportation and storage, to adopt a haz-

rd analysis critical control point (HACCP)-based approach to food

afety ( Canadian Food Inspection Agency, 2014 ). Generic HACCP

odels have been developed for manufacturers of meat, poultry,

rocessed eggs, and ready-to-eat lettuce and for storage facilities in

rder to facilitate the development of a HACCP system ( Canadian

ood Inspection Agency, 2015 ). For federally inspected meat and

oultry processing plants, HACCP is mandatory ( Jol et al., 2007 ).

he HACCP-based approach to food safety adopted in Canada, com-

lemented by a food inspection system strengthened by the re-
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Fig. 2. Value, in Canadian dollars, of various perishable food products imported and exported from Canada according to their state (chilled or frozen) in 2016 (data taken 

from Statistics Canada, 2017 ). 

Fig. 3. Yearly variation of the value, in Canadian dollars, of bovine products (beef 

and veal) imported and exported from Canada (data taken from Agriculture and 

Agri-Food Canada, 2017 ). 
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ently adopted Safe Food for Canadians Act , is a flexible approach

or implementing food safety controls systems suitable for the spe-

ial characteristics of each stakeholder in the cold chain and places

he food industry at the forefront of Canada’s strategy for food

afety ( Martinez et al., 2007 ). 

Canadian legislation and regulations do not specify a tempera-

ure requirement that is enforced across a large range of perishable

ood products or stages of the cold chain, as the Canadian food

afety and quality assurance system is largely based on a flexible

ramework with shared responsibility between producers, proces-

ors, transporters, distributors, retailers and consumers. However,

xplicit temperature requirements do exist for some perishable

ood product categories. The Meat Inspection Regulations specify

hat establishments where meat is refrigerated, processed, stored

nd labeled are required to have adequate means to monitor tem-

erature. Refrigeration is defined in the regulations as maintaining

he temperature of meat below 4 °C, but above freezing conditions

 Meat Inspection Regulations, 1990 ). The Fish Inspection Regulations

tate that refrigeration facilities shall freeze 25mm-thick block of

npackaged fillets to −18 °C in 2 hours or less. During storage, the

emperature of fish products should be checked at least once ev-

ry day, and the temperature records kept for a period of at least 3

ears. With regard to transportation, the Fish Inspection Regulations

lso specify that fish products should be refrigerated such that

heir temperature increases by less than 5.5 °C from their loading

emperature ( Fish Inspection Regulations, 2017 ). The refrigeration

nd freezing temperatures specified in the Canadian regulations on

eat and fish products are in accordance with those set out in U.S.

nd European legislation. For instance, the 2013 U.S. Food Code, ad-

inistered by the U.S. Food and Drug Administration, specifies that

erishable chilled food should be maintained at a temperature of

 °C or lower, while frozen food should be stored at a sufficiently
ow temperature to keep the food frozen ( U.S. Public Health Ser-

ice, 2013 ). 

. Characteristics of the Canadian food cold chain 

.1. Canadian retail food distribution chain 

In Canada, processed foods sold at retail generally move

hrough a four-step supply chain consisting of growers/suppliers,

rocessors, distribution centers, and retail stores, as illustrated in

ig. 4 . According to LeBlanc et al. (2015) , the top five Canadian food

etailers accounted for about 79% of food sales in Canada. Approxi-

ately 82.2% of the Canadian population lives within 5-km (urban

reas) or 20-min drive (rural areas) of a retail outlet of the top five

anadian food retailers ( Fig. 5 ). The two biggest Canadian retailers

ave retail outlets in each of the 10 Canadian provinces ( Hashemi

eni et al., 2011 ). There are approximately 30 0 0 retail outlets in

anada, two-thirds of which are located in the provinces of Ontario

nd Quebec. The relationship between producers and processors is

any-to-many. The processors and distribution centers also have

 many-to-many relationship. Lastly, there is a many-to-one rela-

ionship between distribution centers and retail outlets, meaning

hat each retail outlet is supplied by a single distribution center

or each category of food (e.g. produce, dairy, meat). Communities

n northern Canada that are not accessible by road have been sup-

lied with food by air under the Nutrition North Canada Program

ince April 2011. This program replaced the former Food Mail

rogram ( Indian and Northern Affairs Canada, 2009 ). Selected food

roducts are delivered by road to one of the 20 entry points shown

n Fig. 5 and then transported to their final destination by air. 

.2. Time-temperature along the cold chain 

In Canada, the ambient temperature varies significantly by time

f year and location, with daily average lows and highs ranging

rom approximately −30 °C to 30 °C ( Statistics Canada, 2007 ). Re-

rigeration systems are required to preserve the safety and quality

f perishable foods in summer, while heating systems are used in

inter to prevent freezing injury to chilled foods. 

Time-temperature profiles of ready-to-eat lettuce along a

ve-step cold chain (processor storage, transportation to the

istribution center, distribution center storage, transportation to

etail, and retail storage) in Canada were measured by McKellar

t al. (2012, 2014 ). The temperature was monitored for four

hipments of ready-to-eat lettuce in summer (July-August) and

n winter (January-February). A total of nine clamshells, placed at

ifferent positions within stacked pallets, were instrumented for

ach shipment. In winter, the desired range of temperatures was

uccessfully maintained throughout the cold chain. The highest

verage temperature, 4.1 °C, was observed during retail storage, but
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Fig. 4. Flowchart of the Canadian food supply chain. 
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remained below 5 °C, the minimum growth temperature for many

foodborne pathogens such as Escherichia coli O157: H7. The lowest

average temperature observed during storage at the distribution

center, 2.0 °C, was sufficient to avoid freezing. In summer, higher

temperatures were observed, especially during transportation. The

average temperatures recorded during transportation from the

processor to the distribution center, 6.3 °C, and from the distri-

bution center to retail, 5.9 °C, were above the minimum growth

temperature for foodborne pathogens such as E. coli O157: H7.

Although brief, temperature peaks above 10 °C were also observed

in summer, presumably during truck loading and unloading. The

time-temperature profiles measured by McKellar et al. (2012,

2014 ) indicate that the winter performance of the cold chain is

satisfactory but that shrinkage and pathogen growth due to higher

temperatures along the cold chain could occur in summer. 

The average total transportation time (sum of the transporta-

tion times from the processor to the distribution center and from

the distribution center to retail) was approximately 55 h in win-

ter and 22 h in summer for the ready-to-eat lettuce cold chain

studied by McKellar et al. (2012, 2014 ). The average total trans-

portation time was significantly longer in winter, possibly indicat-

ing seasonal variations in the origin or destination of the ready-to-

eat lettuce, the road network used for transportation, or the trans-

portation conditions. By way of comparison, Derens et al. (2006),

Koutsoumanis et al. (2010) , and Derens-Bertheau et al. (2015) re-
orted average cold chain transportation times of approximately

 h for dairy and meat products in France, 4 h for dairy products

n Greece, and 8 h for meat products in France respectively. Simi-

arly, Jacxsens et al. (2002) simulated spoilage of fresh-cut vegeta-

les along a representative cold chain in Belgium and calculated

 total average transportation time of 4 h. When compared with

he measurements taken by McKellar et al. (2012, 2014 ), these re-

ults align with the expectation that transportation times are sig-

ificant in Canada because of the long distances between cities.

owever, these transportation times are in accordance with those

eported for the cold chain of berries in the United States ( Nunes

t al., 2014 ), which faces similar logistic issues related to the sparse

opulation. 

Emond et al. (2003) monitored the temperature, relative hu-

idity and quality of a mixed shipment of fresh fruits and vegeta-

les from Montreal to Nain, in the northern part of Labrador. The

hipment was first transported for approximately 60 h by truck,

nd then placed on a 2-hour flight for its delivery to Nain. Sig-

ificant temperature heterogeneities were observed, especially dur-

ng transportation, with the temperature toward the front of the

railer being 13.3 °C, compared to 0.2 °C at the rear. Inspection of

he load at the destination revealed the presence of multiple un-

arketable products because of chilling injuries, water loss, bruises

nd browning. The low quality of the shipment was attributed to

emperature heterogeneity and vibrations, as well as the challenges
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Fig. 5. Map of the Canadian road and air transportation supply chain. Green areas are supplied by road. Red squares are entry points for air transportation. Areas outlined 

in blue are supplied by air from a single entry point. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this 

article.) 
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nvolved in delivering perishable food to northern communities,

otably the harsh weather conditions and the shipment of mixed

oads with different optimal temperatures. 

Leblanc et al. (1996) measured the temperature of fruits and

egetables stored in display cabinets in 28 retail stores in Canada.

he average temperature of the fruits and vegetables was 8 °C,

bove the recommended temperature of 4 °C. Similarly, Villeneuve

t al. (2002) reported that the average temperature in a display

abinet used by a Canadian retail chain containing 150–200 kg of

otatoes was 8.6 °C or 10.8 °C (for a set temperature of 4 °C) de-

ending on whether the food rack was in the lower or upper

art of the cabinet. The temperatures measured by Leblanc et al.

1996) and Villeneuve et al. (2002) were higher than those re-

orted by McKellar et al. (2012, 2014 ) during storage at retail, a

iscrepancy that could be attributed to differences in the types of

efrigeration systems used. Leblanc et al. (1996) reported that the

emperature of the fruits and vegetables at the front of the dis-

lay cabinets was on average 0.8 °C higher than the temperature
 i  
f those at the back, and Villeneuve et al. (2002) reported that the

emperature of the potatoes at the ends of the shelves in the dis-

lay cabinet was 3.9 °C higher than the temperature of those in

he middle of the shelves, indicating that the position of foods in

 display cabinet has a significant impact on their temperature. 

.3. Foodborne infections 

The incidence of foodborne illnesses is highly seasonal. A

igher infection rate is observed in summer for many foodborne

athogens. Sari Kovats et al. (2005) investigated the seasonal pat-

ern of infections with Campylobacter spp. in the province of Al-

erta from 1992 to 20 0 0. A peak in the infection rate was ob-

erved in June and July: the infection rate during this period was

ore than double the rate seen in February and March. Similarly,

rsenault et al. (2012) studied infections with Campylobacter spp.

n the province of Quebec from 1996 to 2006 and reported an

nfection peak in August, which had an infection rate approxi-
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mately double the rate observed in winter. Fleury et al. (2006) ex-

amined infections with Campylobacter spp., Salmonella spp. and E.

coli in the provinces of Alberta and Newfoundland and Labrador

from 1992 to 20 0 0 and observed significant infection peaks in

summer. Michel et al. (2006) observed no seasonal pattern in

infections with Salmonella Typhimurium phage type DT104 in

Canada from 1999 to 20 0 0, but they reported that 41% of infections

with other phage types, including DT124 and DT208, occurred in

summer, compared with 12% in winter. Nesbitt et al. (2012) re-

ported that infections with Salmonella Enteritidis phage types PT13,

PT8 and PT13a were significantly more frequent in summer than

in winter in Canada from 2003 to 2009. The higher infection rate

in summer for many foodborne pathogens can be attributed to a

combination of numerous factors, including the possibility of the

higher temperatures observed along the cold chain in summer pro-

moting the growth of foodborne pathogens ( McKellar et al., 2012,

2014 ). Additional factors that could increase the infection rate in

summer include higher recreational exposure to water, increased

environmental contamination by fertilization and animals in pas-

ture, modifications to eating and travel habits, and variations in

the amount and origin of imported foods ( Michel et al., 2006 ). 

In addition to the seasonal pattern of infections with foodborne

pathogens, Fleury et al. (2006) showed that the infection rate is af-

fected by the weekly ambient temperature. In the province of Al-

berta, the log relative risk of Salmonella spp., Campylobacter spp.

and E. coli increased by 1.2%, 2.2% and 6.0% respectively for every

increase of 1 °C in the weekly mean temperature. The increase in

the infection rate as the ambient temperature rises could be at-

tributed to the impact of ambient temperature on the growth rate

of foodborne pathogens, and this finding confirms the critical im-

pact of temperature on food safety along the cold chain. 

4.4. Northern communities 

Hundreds of small communities, each typically containing fewer

than 10 0 0 inhabitants, are scattered across the more than 4 million

square kilometers of Canada’s North ( Nutrition North Canada,

2015 ). Many of these communities are isolated in the sense that

they are not accessible year-round by road, rail or sea and are

located far from major food distribution centers. Food insecurity

is high in many of these communities. In recent surveys of com-

munities in Nunavut, the Northwest Territories, northern Labrador,

and northern Ontario, 69%, 43%, 46% and 70% of respondents re-

spectively reported suffering some degree of food insecurity, a

rate four to six times the national average ( Rosol et al., 2011;

Skinner, 2013; Council of Canadian Academies, 2014 ). The preva-

lence of food insecurity is attributed to high food prices, which

are driven by high transportation and energy costs, high poverty

levels, and food scarcity ( Rosol et al., 2011; Council of Canadian

Academies, 2014; Nutrition North Canada, 2015 ). A higher rate of

food loss due to spoilage or shrinkage is also observed in north-

ern communities. The percentage of food loss reported by retail

stores in northern communities ranges from 5% to 20% ( Nutrition

North Canada, 2015 ). The high rate of food loss in these communi-

ties is explained by the lack of infrastructure (roads, refrigerated

warehouses), the long distance to market, transportation delays

due to weather conditions, the adverse environmental conditions

(snow storm, fog, abundant rain and strong winds) and extreme

temperatures ( −50 °C during winter to 20 °C during summer), the

inevitable use of mixed loads, inaccurate expiry dates, and the

greater variance in demand associated with small markets ( Emond

et al., 2003; Nutrition North Canada, 2015 ). According to Emond

et al. (2003) , fresh fruits and vegetables may be exposed to ex-

tremely cold temperatures when shipped to northern communi-

ties. For example, within the northern community, distribution of
he load to local retail stores involves the use of small sleighs

ulled by snowmobiles without any kind of protection against

ind, snow or rain; thus, the load is exposed directly to envi-

onmental conditions. Moreover, northern Aboriginal cultures value

haring, so community members typically do not store food, shop

nce for the week, or buy in bulk. This tradition is rooted in the

ractices of their ancestors, who were hunters and gatherers and

ook from the land only what they needed ( Indian and Northern

ffairs Canada, 2009 ). 

The cold chain that supplies food to northern communities is

ighly complex, as it must deliver food to communities that are

parsely scattered, difficult to access and located in a challenging

limate. The cold chain is community-specific, as each community

as its own unique characteristics in terms of distance to market,

ccessibility, consumer income, population density, climate, and

vailability of country food. A concerted effort from each stake-

older in the cold chain is needed in order to identify, for each

ommunity, the most appropriate perishable foods, frequency of

esupply, and systems for date labeling, transportation, and inven-

ory management. Improving the cold chain could alleviate con-

erns about food security, quality, availability and cost and pro-

ote the accessibility of healthy food in northern communities. 

Nutrition North Canada (NNC), a program implemented in 2011

nd administered by Indigenous and Northern Affairs Canada, pro-

ides residents in 128 isolated northern communities with nutri-

ious food at reduced cost. The NNC program provided $67.1 mil-

ion in subsidies during its fourth year (2015–2016) in operation,

s compared to $54.1 million during its first year (2011–2012). Be-

ween April 2011 and March 2015, the cost of the Revised Northern

ood Basket (a pre-determined list of items) for a family of four

1 man and 1 woman aged 25–49 years, 1 boy aged 13–15 years,

nd 1 girl aged 7–9 years) was 5% lower on average than in March

011, or approximately $94 per month ( Nutrition North Canada,

017a ). Table 1 shows the amount of food products distributed be-

ween 2011–2012 and 2015–2016 through the NNC program for the

op 8 categories (fruit and vegetables [fresh and frozen]); meat,

oultry and fish (fresh and frozen); milk (fresh, UHT and canned

vaporated); bread and bread products, cereals, crackers, flour and

lain fresh and frozen pasta; cheese, yoghurt and other dairy prod-

cts; unsweetened juice; eggs and egg substitutes; combination

oods (fresh and frozen). In terms of the amount distributed by re-

ion, for 2015–2016, 38% and 24% ($ subsidy) went to the Baffin

egion of Nunavut and Northern Quebec (Nunavik), respectively.

etailers with stores in northern communities received 92% of the

roducts, while 3.5% was shipped to commercial establishments

hotels or restaurants), 2% to schools and daycares, and 2% to indi-

iduals ( Nutrition North Canada, 2017b ). Although the cost of the

evised Northern Food Basket decreased by 5% between April 2011

nd March 2015, one weakness of the NNC program is that it is im-

ossible to see whether the reported costs reflect the real costs of

reight transport to communities since the actual freight costs paid

y retailers and wholesale shippers are not disclosed ( Galloway,

014 ). The Auditor General of Canada also raised a number of con-

erns related to community eligibility and program management

n the 2014 fall report ( Office of the Auditor General of Canada,

014 ). Program modifications may be necessary to achieve sus-

ainable improvements to food security in northern communities

 Galloway, 2017 ). 

. Research case study: development of the Canadian GIS-based 

isk assessment, simulation, and planning tool for food safety 

The recently developed Canadian GIS-based Risk Assessment,

imulation, and Planning (CanGRASP) tool for food safety ( Hashemi

eni et al., 2011, 2012; Leblanc et al., 2015 ) dynamically simulates

he spatial distribution, at the national scale, of the public health
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Table 1 

Amount of food products distributed between 2011–2012 and 2015–2016 through the NNC program for the top 8 categories. 

Product category 2011–2012 2012–2013 2013–2014 2014–2015 2015–2016 Average % total 

CAD$ of subsidy × 10 6 (kg of food × 10 6 ) 

Fruit and vegetables (fresh and frozen) 15.45 18.62 20.19 20.91 21.26 19.29 31.1 

(6.19) (6.64) (7.12) (7.39) (7.45) (6.96) (27.0) 

Meat, poultry and fish (fresh and 

frozen) 

9.30 10.96 11.09 11.38 11.51 10.85 17.5 

(3.99) (4.16) (4.19) (4.31) (4.37) (4.20) (16.3) 

Milk (fresh, UHT and canned 

evaporated) 

8.02 10.05 11.09 11.22 11.29 10.33 16.7 

(3.57) (3.90) (4.28) (4.32) (4.31) (4.08) (15.8) 

Bread and bread products, cereals, 

crackers, flour and plain fresh and 

frozen pasta. 

5.87 6.92 7.23 7.54 7.80 7.07 11.4 

(2.71) (2.85) (2.98) (3.05) (3.19) (2.96) (11.5) 

Cheese, yoghurt and other dairy 

products 

3.56 4.38 4.70 4.82 5.36 4.56 7.4 

(1.66) (1.82) (1.94) (2.01) (2.26) (1.94) (7.5) 

Unsweetened juice 2.81 2.50 2.61 2.93 3.28 2.83 4.6 

(1.28) (1.15) (1.19) (1.27) (1.44) (1.27) (4.9) 

Eggs and egg substitutes 2.17 2.54 2.65 2.71 2.75 2.56 4.1 

(1.09) (1.06) (1.10) (1.13) (1.14) (1.11) (4.3) 

Combination of foods (fresh and 

frozen) 

1.58 1.41 1.32 1.40 1.62 1.47 2.4 

(1.03) (0.95) (0.92) (0.97) (1.09) (0.99) (3.8) 

Others 5.40 3.93 1.92 1.97 2.20 3.09 5.0 

(4.88) (3.08) (1.11) (1.11) (1.25) (2.29) (8.9) 

Total 54.16 61.32 62.82 64.88 67.07 62.05 

(26.40) (25.62) (24.83) (25.55) (26.48) (25.78) 
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isk associated with food contamination at any stage along the

old chain. It is based on the construction of relational databases

hat describe the flow and safety of food along the cold chain.

or a given cold chain network, the databases describe the geo-

raphic location of the food processors, distribution centers and

etail stores, the flow of food through the cold chain, the prob-

bility of products being exchanged between the various links in

he cold chain, the distribution of temperature at each stage of

he cold chain, and the transportation time (which is estimated

rom an analysis of the road network between the links of the

old chain). The databases provide the first detailed description

f a cold chain network at a national scale ( Leblanc et al., 2015 ).

he flow and temperature of food along the cold chain is simu-

ated from the databases using the Arena simulation tool. A public

ealth risk index resulting from the contamination of food along

he cold chain is calculated from the time-temperature history of

he food, a foodborne pathogen growth model, and the density of

he population around retail stores. The spatial distribution of the

isk index caused by the contamination of the food is then dynam-

cally mapped across Canada using ArcGIS. 

CanGRASP can be used to trace foods during foodborne out-

reaks, develop risk-mitigation measures for preventing or re-

ponding to outbreaks, and train stakeholders involved in public

ealth risk assessment. In addition, since simulations of realistic

ontamination events are invaluable for identifying vulnerabilities

long the cold chain, CanGRASP is a powerful integrated tool for

mproving the cold chain at the national level. 

. Improving tomorrow’s cold chain: applying a GIS-based 

pproach to improve food safety, quality and management 

In recent years, as part of the European Food Refrigeration

nnovations for Safety, consumers’ Benefit, Environmental impact

nd Energy optimisation (FRISBEE) project, extensive databases de-

ailing time-temperature profiles and energy consumption along

old chains of fruits, vegetables, seafood products, meat, and dairy

roducts have been constructed ( Gwanpua et al., 2015 ). The FRIS-

EE tool was developed to link the databases with quality and
icrobial growth models, simulate the safety and quality of per-

shable foods under realistic time-temperature conditions along

he cold chain, and estimate the environmental impact of the

old chain. The tool provides a user-friendly graphical user in-

erface (GUI) for investigating the impact of modifying the time-

emperature profiles and refrigeration systems used along the cold

hain. The tool can help improve cold chains through its multi-

bjective optimization module, which uses evolutionary algorithms

o identify the cold chain conditions that minimize energy con-

umption and environmental impact and maximize food safety and

uality. 

Another relevant simulation tool, ALADIN 

TM (Agro-Logistic

nalysis and Design INstrument), was developed at Wageningen

niversity ( van der Vorst et al., 2009 ). The tool embeds sustain-

bility indicators and food quality change models with logistic pro-

esses in discrete simulation models. The model captures the dy-

amic behavior of the food chain by modeling it as a network of

gents, jobs, and flows with precedence relationships. Food chain

etwork entities such as producers, distribution centers and retail

utlets are represented as autonomous objects that are assigned

ecision-making intelligence (agents). The jobs are all food chain

ctivities (physical jobs and control jobs), can be triggered by mul-

iple causes and have outcomes and processing times that depend

n the commodities processed and the available resources. Flow

tems include product flows, information flows, job definitions and

esources for the transformation processes. Flow items represent

he movable objects within the food chain. The advantages of this

ntegrated model include the speed and quality of decision-making

oncerning food supply chain design. In addition to classical per-

ormance indicators such as stock levels, delivery reliability and

ransportation costs, ALADIN provide indications about energy use

nd CO 2 emissions as well as product quality. The benefits of the

se of the ALADIN tool are illustrated in a case example ( van der

orst et al., 2009 ). 

The limitation of the FRISBEE tool is its inability to simulate

old chains from a geographic description of their network, a capa-

ility offered by the CanGRASP tool. While the ALADIN tool takes

nto consideration the geographic position of the various supply
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chain entities in its scenarios, using simulations to model all con-

figurations appears to be too time-consuming. By contrast, the

drawbacks of the CanGRASP tool include the limited availability of

data to estimate temperature conditions along the cold chain and

the lack of data on the energy consumption and environmental im-

pact of the cold chain. The CanGRASP and FRISBEE (or CanGRASP

and ALADIN) approaches are in many ways complementary, and

combining them seems like a natural way to produce a GIS-based

tool that can dynamically map and calculate food safety, food qual-

ity, energy consumption, and environmental impact along the cold

chain. The tool would provide a customizable approach for opti-

mizing cold chain management for each network specific to a re-

tail chain with a view to increasing food safety and quality and

reducing energy consumption and environmental impact. This GIS-

based tool would provide the most comprehensive approach possi-

ble to simulate cold chains and would be invaluable for evaluating

exciting new developments in cold chain management, including

quality distribution systems, dynamic expiry dates, and dynamic

pricing, which have shown great potential for reducing waste and

costs ( Heising et al., 2017 ). 

7. Conclusion 

Stakeholders in the cold chain in Canada face significant chal-

lenges. The most notable challenge is the drastic seasonality of the

cold chain, which necessitates strategies such as heating chilled

foods in winter to avoid freezing injury. Additional challenges in-

clude the existence of community-specific cold chains, such as cold

chains that deliver food to communities that are not accessible

year-round by road, rail or sea, and the existence of market-specific

cold chains, such as cold chains that deliver ready-to-cook meals

using domestic delivery systems. 

The available evidence supports the view that the cold chain

successfully keeps the temperature of perishable foods within the

desired range in winter, while improvements should be made to

lower the temperature during transportation and processor stor-

age in summer conditions. Since food security is a major issue in

northern Canada, future cold chain research should also prioritize

a detailed examination of the cold chains that deliver food to com-

munities that lack year-round access by road, rail or sea. 

The implementation and enforcement of proper regulations to

ensure the delivery of safe and high-quality perishable food to con-

sumers is a constant challenge shared by regulating institutions

around the world. Given the intensive research activities involved

in the preservation of perishable food, regulations must frequently

be revisited to integrate new technologies and take into account

evolving consumer behaviors. The establishment of proper regula-

tions is further complicated by the global nature of the cold chain,

creating the need for consistent regulations across countries while

preserving market competitiveness. 

Recent research projects offer exciting new prospects for im-

proving the cold chain. Simulation tools are becoming increasingly

comprehensive and accessible and provide an elegant alternative

to costly experimental investigations for evaluating various cold

chain management systems. Given the recent creation of extensive

databases that describe cold chain networks, time-temperature

conditions, energy consumption, and safety and quality models,

the development of GIS-based simulation tools that provide a

detailed dynamic and spatial description of cold chains is within

reach and will offer valuable insight into the optimal cold chain

for food safety, food quality and energy efficiency. 
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