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Data on food consumption trends are often provided nationally and spatial variation in eating habits is
difficult to estimate in Canada. Here, we present methods for mapping provincial aspatial food
consumption data by accounting for spatial variability in population structure (age and gender). This type
of data and analysis could be useful for researchers and policy makers interested in promoting the
consumption of locally produced food, as assessing nutritional demand will be a critical first step. We
present a method for constructing food consumption estimates for Local Health Areas in British
Columbia; however, methods outlined could be applied to other jurisdictions and other units when
demographic characteristics are known. Because age and gender impact food consumption, the demo-
graphic profile of a given local area will drive food consumption patterns. For instance, among 18e44
year olds, men consume 50% more food than women, but eat 30% fewer fruits and vegetables. Given
regional differences in demographic composition, consumption patterns for men and women at different
ages have notable spatial variability. Linking aspatial consumption data with demographic data enables
mapping spatial variation in food consumption.

� 2010 Elsevier Ltd. All rights reserved.
Introduction

There is a growing body of research on the benefits and limi-
tations of local food systems. The consumption of locally produced
foods has been actively promoted by non-governmental organiza-
tions as well as health officials and policy makers in some levels of
government (Cowell, 2003; Dietitians of Canada, 2007; Public
Health Agency of Canada, 2005; Smith & MacKinnon, 2007;
United States Congress, 2008). Promotions for the consumption of
local food arises due to concerns about agricultural sustainability,
the need to decrease food miles travelled, supporting local econo-
mies, and strengthening community food access (Anderson & Cook,
2000; Feenstra, 1997; Hinrichs, 2003).

In order to understand the level of demand on local food
systems, researchers must first know how much food is currently
consumed in a region, regardless of where it was produced. Food
consumption varies spatially and is driven not only by population
size, but also by various demographic characteristics (Deshmukh-
Taskar, 2007; Gittelsohn et al., 1998). Estimating food consump-
tion at a local scale will allow us to assess the capacity for local food
systems to meet their own populations food needs, assessed with
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either current agricultural productivity or agricultural potential
(based on characteristics such as spatial variability in soils and
climates).

The standard data used for studying population-level food
consumption are aspatial and mask variation in consumption
habits that may be related to demographic characteristics, dis-
counting spatial variability in eating trends. Various methods have
been employed for estimating the quantity of food consumed at
a population level. Commonly used are national-level statistics that
estimate what an average individual within a country would
consume in a year, without adjustments for age, sex, or other
characteristics. For example, Cowell and Parkinson based food
consumption on National Food Disappearance (NFD) data in the
U.K., where domestic food production (plus imports, minus exports
and waste) is divided by the annual population (Cowell, 2003). In
his U.S. study, Christian Peters et al. used a novel method of Human
Nutrition Equivalents (HNE) to determine how an average Amer-
ican meets their nutritional needs, and performed an optimization
model to calculate the amount of agricultural land required to
produce that food. Although their analysis did account for spatial
variation in food consumption based on population density, vari-
ability in the composition of populations was not considered
(Kantor & Young, 1999; Peters, 2009). In Canada, regional estimates
of the quantities of food consumed have used NFD data to measure
per-capita consumption (BC Ministry of Agriculture and Lands,
2006; Markham, 1982; Riemann, 1987; Vancouver Food Policy
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Council, 2009, pp. 1e81). The national data are typically applied to
the populations in the region of interest to generate regional food
consumption values for major food categories such as fruit, meat,
dairy, and vegetables. In some research, idealized consumption has
been used to determine the impact of widespread adoption of
recommended policies, such as the Canada Food Guide or U.S. Food
Pyramid (Kantor, 1996, 1998; Peters, Fick, & Wilkins, 2003).

In this paper, we propose a unique methodology for mapping
regional variation in food consumption. Our approach is based on
linking aspatial consumption aggregates to map-based demo-
graphic data. To meet our objectives, we:

1. Link aspatial individual-level consumption data for men and
women in different age groups to demographic data in each
region

2. Correct for missing data (youth consumption) and temporally
adjust datasets

3. Compare mapped demographic-based consumption estimates
with aggregate consumption estimates to assess spatial devi-
ation from average

Mapping spatial variation in food consumption has not been
incorporated into previous agriculture and food security research;
the methods presented in this paper will be useful for future
research on regional food consumption as well as understanding
the consumption of locally produced foods.

Data & study area

The province of British Columbia is a suitable study area for
this research, given that it is home to strong community, activist,
and political interest in food security and nutrition. The spatial
unit used in this paper is the Local Health Area, of which there
are approximately 90 in BC in 2006. The LHA is a spatial unit at
which health and nutrition policy is implemented in the prov-
ince, and much nutrition research is performed, so it is a useful
unit for this research. The methods presented in this paper can
be applied to any spatial unit for which demographic data are
available.

The most widely available data for studying food consumption
patterns in Canada is the National Food Disappearance data (NFD)
which is gathered annually and disseminated by Statistics Canada
through their annual publication “Canada Food Stats” (Statistics
Canada, 2009). The NFD estimates the quantity of food available
for Canadian consumption each year by summing gross Canadian
food production, imports, and estimates of the quantity of food in
storage on January 1st. Canadian food exports, the quantity of
food in storage on December 31st of the same year, and estimated
waste incurred during distribution and processing are subtracted.
This value can then be divided by the average annual population
of that year to estimate the per-capita quantity of food available
for consumption. Statistics Canada also applies adjustment factors
to estimate the waste lost during retail sale and food preparation,
including cooking losses and the removal of inedible portions
(Statistics Canada, 2009). The final data estimate the quantity of
food actually consumed by an average Canadian each year.

An alternative method to estimate population-level consump-
tion habits is through the use of dietary surveys. Dietary survey
methodswere first developed in the early 1930s as policymakers in
many jurisdictions became increasingly concerned about the
impacts of poverty and malnutrition on health (Ostry, 2006). The
world’s first major national nutrition survey, involving tens of
thousands of respondents, was conducted in Canada in 1972 (Sabry,
1974). Since then, nutrition surveys have been conducted only
occasionally in Canada, largely because they are time consuming
and costly. Instruments vary between surveys, and therefore the
data collected are often not comparable as survey productsmeasure
different variables (CCHS 2.2, 2004; Forster-Coull, Milne, & Barr,
1999). The usual methods used are face-to-face interviews using
detailed interview questions on the exact composition of meals
consumedwithin the 24 h prior to interview. A strength of nutrition
surveys is that they provide a direct measure of individual dietary
intake. As well, they measure demographic characteristics of the
participants so that comparison of consumption habits between
different ethnic groups, genders, and age groups, or differences in
consumption patterns of geographic regions can be undertaken.
However, because they are costly they are conducted sporadically,
limiting the ability to measure change in dietary intake over time.

The last detailed dietary survey conducted by the province of BC
was in 1999. The Chief Nutritionist of the Province of BC provided us
with a custom analysis of this BCNS dataset, reporting the annual
quantities of food (by major food category) consumed by men and
women aged 18 to 44, 45 to 64, and over 65. The 1999 study
included only adults aged 18 and over.

To determine consumption for the youth in each region, we use
data from the Canadian Community Health Survey Cycle 2.2 (con-
ducted in 2004) (CCHS 2.2, 2004). The CCHS 2004 data are not
available in units of mass, and therefore cannot be used to construct
actual consumption estimates. However, they do report daily
consumption habits of both youth and adults in BC, in units of food
servings.

Methods

We calculate population level food consumption separatelywith
two datasets (NFD and BCNS) for the sake of comparative analysis.
The NFD method requires only the individual-level food
consumption estimate, multiplied by the regional population.
Methods for using the BCNS survey data to construct population-
level food consumption estimates are outlined below.

Linking aspatial individual consumption data to mapped
demographics

Data from the BC Nutrition Survey (BCNS) provides us with food
consumption averages for men and women in different age cate-
gories. In order to calculate and map population-level food
consumption variation over space, we integrate the individual-level
consumption estimates for each age and sex group with demo-
graphic population data in each LHA in BC:

Ci ¼
X

j¼1

CjPij

where the average consumption (C) of a food group in the ith region
is equal to the consumption of the jth age/sex category multiplied
by the population of the jth age/sex category in the ith region, and
summed for j age/sex categories. This allows for calculation of the
total food consumption for each food, and can be summed into
convenient food groups (e.g., fruits, vegetables, dairy, meat).

Estimating youth consumption & temporal adjustment factor

Since youth were not surveyed in the BCNS, we needed to
develop a method to estimate their food consumption for each
category. There is no standardized way to do this reported in the
literature, so we rely on data from the CCHS 2.2, which reports food
consumption (in number of servings) for each food group in
different ages, including children and youth. Because the publically
available data are reported in number of servings rather than units



Fig. 1. Temporally adjusted food consumption estimates based on the BC Nutrition Survey, in kilograms of food, by gender and age categories.

Fig. 2. Map is classified by standard deviation, revealing areas of significant deviation
from the mean error between consumption estimate methods.
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of mass, they cannot be directly used in lieu of BCNS data. However,
we developed an adjustment factor between the amounts of food
consumed, on average, by a person under the age of 18 in BC, versus
an adult in the province, based on these CCHS data:

Youth Adjustment Factor ¼ Youth Servings
Adult Servings

This adjustment factor is calculated for each food group and
applied to our BCNS data to create consumption estimates in the
under 18 age group. Young children tend to eat less food than
adults, with the exception of dairy, while adolescents often
consume more food than adults.

The major benefit of the NFD data normally used in estimating
population-level food consumption is the temporal availability of
data; in Canada, NFD are available from 1960 to 2009 inclusive.
These data show that there have been some changes in the Canadian
diet between 1999 and 2006, with some foods consumed in slightly
larger quantities (e.g., vegetables) and some foods consumed less. To
account for this temporal mismatch between our 2006 demo-
graphic data, and our 1999 BC Nutrition Survey consumption data,
we use NFDdata to create a temporal adjustment factor, equal to the
ratio between the 2006 and 1999 reported consumption values in
the NFD data. This is applied to all consumption estimates in all
gender and age groups in our BCNS dataset.

Temporal Adjustment Factor ¼ NFD 2006
NFD 1999

Both the Canadian Community Health Survey Cycle 2.2 data and
the Food Statistics data from Statistics Canada are widely used in
the food security and population nutrition literature (Riediger,
2007; Witkos, Uttaburanont, Lang, & Arora, 2008).
Mapping variation between BCNS and NFD consumption estimates

We perform exploratory mapping on the spatial patterns in the
two consumption estimates. We will refer to the NFD method as
aspatial and the BCNF method as spatial. We calculate the percent
difference (“error”) between spatial and aspatial methods, and
consider the spatial distribution of the errors. The two datasets are
compared with a non-parametric two-sample paired test to
determine if the difference between the distributions differs
significantly from zero (Wilcoxon Rank Sum, a ¼ 0.10) (Pal, 1998).



Fig. 3. Moran’s I local cluster detection. Significant clusters (p < 0.10) of high or low
mean error are shown.
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Global and local Moran’s I statistics are used to assess and map
spatial clustering (consumption overestimate or underestimate) of
errors (a ¼ 0.10), with neighbourhoods defined with first order
polygon contiguity, as is commonly used in spatial cluster detection
(Pal, 1998). Finally, we explore the demographic explanations for
the spatial distribution of errors between these methods.
Results

Constructing adult consumption estimates

The BCNS individual-level consumption estimates are relatively
similar the NFD averages, confirming that the BCNS dietary recall
data has been used here to construct reasonable consumption
estimates for these categories. Consumption estimates from the
BCNS show substantial differences in consumption between age
and gender groups. For example, adult men age 18-44 eat 50%more
food than women, but only 30% more fruits and vegetables (Fig. 1).
Nearly half of total food consumed in youth is in dairy products
(47%) but only approximately one third for adults. Adult women
tend to consume more fruits and vegetables and less meat and
grains than men in the same age group. Women consume similar
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Fig. 4. Demographic breakdown of British Columbia and four selected L
amounts of food throughout each age group, while men’s food
consumption drops considerably over their lifecourse.
Analyzing geographic variation in food consumption

There are minor differences between the average consumption
estimates of the BCNS and NFD datasets, which is to be expected
given the different methods used to derive them. For example, the
meat consumption estimates differ by approximately 2%, but range
from �9% to þ7% depending on location. It is this spatial variability
in the difference that is of interest. In this section we will present
the differences in spatial patterns of total food consumption for
illustration, but the patterns are similar within each food group.

The primary driving force of food consumption in each LHA is
the regional population, which is expected. However, there are
variations between the two consumption datasets. Fig. 2 shows
a map of the percent difference between the two total food
consumption datasets, classified by standard deviations from the
mean.

The Wilcoxon Sum Rank Test compared the distributions of the
two datasets, and reveals a statistically significant difference
(W ¼ 3387, p ¼ 0.095, a ¼ 0.10) against the null hypothesis that the
distributions do not differ significantly. The global Moran’s I anal-
ysis reveals highly significant clustering of error (Z ¼ 5.911,
p < 0.01). The local Moran’s I cluster analysis reveals the regions
which have significant clustering of relatively high or low error,
indicating difference between the two methods (p < 0.10). Clusters
of high error indicate regions in which the NFD method under-
estimated the total food consumption; clusters of low error indicate
regions in which the NFD overestimated the total food
consumption.

These overestimated and underestimated regions have demo-
graphic makeup which are markedly different from the remainder
of the province; for example, the demographic breakdown of age
groups as a provincial average is shown in Fig. 3, along with four of
the cluster LHAs in the province. The total food consumption esti-
mates in each of these regions deviates significantly depending on
the method used to estimate it (NFD vs. BCNS). Regions with higher
error have a younger than average population, and therefore
consumemore food in total,which theNFDmethodunderestimates.
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Conversely, the regions with lower error have older populations
than average, consume less total food, and their total regional food
consumption is overestimated by the NFD data (Fig. 4).

Discussion

Regional estimates of food consumption are often based on
aggregate national food disappearance estimates and applied to
population data at a finer spatial scale (BC Ministry of Agriculture
and Lands, 2006; Riemann, 1987; Vancouver Food Policy Council,
2009). The major limitation in using NFD to develop estimates of
food consumption at the LHA level is that they represent Canadian
averages, and do not necessarily reflect the consumption habits of
British Columbians. Food consumption differs greatly between
individuals, especially between gender and age groups, with men
consuming much more of most food types thanwomen, and teens
and young adults tending to consume more than the very young
and seniors. If NFD data are used to construct regional
consumption estimates, regional consumption will simply be
a function of population size, without accounting for any other
regional variation. When the objective is to compare regional
differences in food consumption at a local scale, these data are
largely unsuitable.

Variation exists in the distribution of age and gender groups
throughout the province of BC and regional food consumption
estimates should reflect these patterns. This finding is somewhat
intuitive, but is of particular importance to food security research.
Many of the demographically atypical regions are located in the
north of the province. These regions have very young populations
with high fertility rates and large numbers of First Nations people,
who are affected disproportionately by nutrition-related disease
(Kirkpatrick & McIntyre, 2009; Power, 2008). They are also
extremely rural, remote locations, far from the agricultural and
urban hubs of the lowermainland; food price are often significantly
higher in remote areas (Minister of Indian Affairs and Northern
Development, 2007). For these reasons, individuals in northern
Canadian provinces and territories experience much higher rates of
food insecurity, evidenced from both from self-reported surveys
and indirect measures such as rates of food bank usage (Act Now
BC, 2006; CCHS 2.2, 2004; Lawn & Harvey, 2004; Power, 2008).
Northern areas are also more susceptible to the effects of climate
change, including agricultural impacts (Wesche & Chan, 2010). It is
therefore extremely important to estimate their food consumption
accurately, not underestimating it as the NFD data would do, as
these populations are of key interest and consequence in food
security and population nutrition research.

The BCNutrition Survey data are tenyears old,which is themajor
drawback of using this data. It is difficult to know, in the absence of
a more recent survey in BC, whether or not consumption has
changed significantlyover thepast decade in theprovince. However,
we can estimate crudely at the national level using NFD to show
changes in consumption by major food category over this time, and
this adjustment addresses some of this temporal change issue.

Researchers are often interested in more detailed consumption
comparisons than age and gender, such as between minority
groups or vulnerable subpopulations (Deshmukh-Taskar, 2007;
Gittelsohn et al., 1998). Further research could utilize our meth-
odology by expanding the age and gender sub-groups to include,
for instance, ethnic groups, urban versus rural area typology, and
socio-economic measures.

Themethodspresentedhere set thestage forother researchwhich
might utilize aspatial consumption estimates to perform spatially
explicit analysis, particularly in nutrition and food security research.
BC is a unique province with high citizen involvement in local food
systems, and a motivated health ministry concerned with local scale
provincial food security. Understanding consumption demand,
particularly at the regional level, is a key component of studying the
impact of nutrition policies made at the provincial level.
Conclusion

In this paper, we present a unique method of using the aspatial
nutrition survey data to assess differences consumption between
age groups and genders. We found considerable variation in
consumption of each food group based on these demographic
differences. In addition, we studied the demographic makeup of
different regions, finding significant differences in the age and
gender distribution over space. We can conclude that applying
a purely population-based consumption estimate would not accu-
rately represent regional food consumption in the province. Our
method accounts for these regional demographic differences so as
to better estimate the consumption habits of local residents.

Two patterns largely drive spatial variation in food consump-
tion. Firstly, consumption habits differ between men and women,
and eating habits change as people age. Secondly, our analysis
shows significant demographic differences between regions. If the
demographic variation is not taken into account through gender
and age based consumption estimates, and instead is based
exclusively on population size, then regions with atypical demo-
graphic characteristics will be poorly estimated. This is particularly
problematic when these areas are already vulnerable to food
insecurity, and thus are of special research interest.
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