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Abstract: In Vietnam, agricultural practices such as fertilizer and pesticide use affect the landscape
as well as the availability and safety of food. For instance, pesticides and fertilizer end up in
surface water used for drinking water, crop irrigation, and in fish tanks. However, the link to
actual food consumption and health is complex and information is lacking. This study considers
potential water-related exposure to toxic hazards in northern Vietnam food systems, through the
consumption of food commodities and of water. Water pollution is operationalized by considering the
following two channels: (i) pesticide and nutrient leaching to surface water (share of surface water)
and (ii) industrial runoff from facilities located in urban areas (share of urban areas). We explore
how potential exposure to toxic hazard is related to food consumption choices. Using a sample
of the Vietnam Household Living Standard Survey (VHLSS) for 2014, we estimate how shares of
food consumption categories in total food consumption are affected by household and landscape
characteristics, the latter also reflecting potential environmental pressures. In districts with higher
shares of surface water, the share of fish consumption is higher and the share of meat consumption is
lower. From an environmental and health perspective, households in water-rich areas thus may have
a higher probability of being exposed to toxic chemicals due to higher fish consumption. In districts
with higher shares of urban areas, the shares of meat and cereals in total food consumption value
were lower, and the shares of fish and fruit and vegetables were higher. The results indicate that food
consumption is affected by landscape characteristics that may also influence the level of exposure
to water-related environmental pressures, and that this combined effect may potentially exacerbate
food safety and health risks. The actual impact is more complex and should be analyzed with more
sophisticated data and methods.

Keywords: Northern Vietnam; food system; food safety; food consumption; environmental pressures;
water-related pollution

1. Introduction

Changing food patterns worldwide are resulting in increasingly complex and longer
global food chains, which put pressure on food safety [1]. Food safety issues appear
throughout the entire food chain, from production to consumption processes. The food
systems approach recognizes the different perspectives in the food system from the agricul-
tural production, value chain including distribution, traders, and retail to the consumer
diets [2]. This approach allows us to analyze food security to the full extent of food
availability, food accessibility, and food utilization including food safety. It thus allows
to identify potential impacts of environmental pressures on food consumption and food
security. Unsafe food practices are a danger for public health. Access to safe and nutritious
food is key to sustaining and promoting good health. Food insecurity contributes to a
poorer health status, and in turn a poorer health status makes people more job insecure,
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which might lead to lower incomes. Lower incomes again may lead to increased risk of
food insecurity, for example, by incentivizing purchases of cheaper but less healthy or less
safe foods which may be richer in energy (high in fat and sugar) to satisfy hunger. These dy-
namics, combined with trade-offs between medication, healthcare, and food purchasing,
may result in chronic diseases and worsening of mental health [3,4].

In Vietnam, there are still a lot of concerns with respect to the safety of food systems [5],
and the relationship between poor practices concerning food production, processing,
and consumption and food safety is receiving widespread media attention [6]. Around 5
to 6% of its gross domestic product (GDP) is spent on healthcare, with a large share of
these costs being related to foodborne diseases such as acute diarrhea and poisoning that
result from contaminated food [5]. Despite growing awareness of foodborne diseases,
the information on risks to health issues and socioeconomic development caused by unsafe
food practices remain often incomplete. Many initiatives have been undertaken, but mainly
for the purpose of exporting food products that are considered “safe” [5]. Accurate data on
the complete picture of costs, implications, and outbreak numbers of foodborne disease is
often lacking. Hence, policy makers face difficulties tackling the problem and allocating
resources [5,7].

There are multiple channels in which the food system may be affected by environmental
pressures. On the one hand, the use of chemical fertilizers and pesticides in agriculture
allows to achieve higher levels of crop productivity thus improving food availability, but on
the other their overuse may also have an impact on the safety of the food products. Moreover,
the runoff of excessive residues of chemical fertilizers and pesticides contaminates the soil,
groundwater, and surface water bodies. This implies that freshwater water sources that are
used for drinking water purposes may be affected by food production as well. As a result
of political and economic reforms, the use of agrichemicals such as pesticides and fertilizers
has dramatically increased in Vietnam over the last decades. Pesticide use, for example,
has increased from 15,000 tons in 1991 to about 105,000 tons in 2012 [8,9]. Not only the
quantity but also the number of active ingredients and pesticide formulations has increased
considerably [10]. The rapid increase in pesticide use is attributed to a combination of
biophysical factors (increasing production area of vegetable and fruit crops, and increasing
resistance of pests and diseases) and incorrect pesticide use by farmers [11]. Furthermore,
surveys conducted across the country have demonstrated that farmers tend to be negligent
in their use and disposal of pesticides [12,13]. Pesticide use per hectare is relatively
high in the production of vegetables compared to other food consumption categories [8].
While application doses are relatively low when compared to Asian developed countries
(e.g., Japan and South Korea), they are substantially higher than other developing countries
in the region (e.g., Philippines and Bangladesh) [14,15]. In addition, the use of fertilizers
by farmers in Vietnam is generally suboptimal, with farmers often applying nitrogen
fertilizer in doses higher than recommended and neglecting phosphorus and potassium
levels [16,17]. Regulations on the use of fertilizer and pesticides and training on safe
farming practices provided by representatives of the government failed in the establishment
of safe production processes and distribution systems. The reason for this is twofold:
(i) the failure of the authorities to support market actors, and (ii) the absence of trust in
safe production as a better alternative to conventional practices. Meanwhile, stakeholder
empowerment and encouragement may be more effective to change the stakeholder’s
behavior towards safer food practices [6,18].

In addition, industrialization has also increased over the years, with industrial pro-
duction in Vietnam growing more than 10% annually during the period of 1990–2005 [19].
Despite the contribution to livelihoods, rapid industrialization has also brought about
considerable environmental pressures and health impacts due to the resulting widespread
pollution [20,21]. The spatial pattern of industrial pollution roughly mirrors the current
structure of industrial output. The Southeast (nearly half of total toxic pollution and one
third of total water pollution) and Red River Delta (one quarter of total air pollution and
one fifth of total water pollution) are the most polluted regions [21]. The main polluting
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industries are the manufacturers of chemicals (e.g., fertilizers, pesticides, and pharmaceuti-
cals). The metal processing plants are of primary concern, due to the emission of several
high-priority hazardous chemicals and metal pollutants into the air, water, and land [19].
Industries producing footwear, fertilizer, and nitrogen compounds are among those with
the highest pollution loads. Industries producing fertilizer, pesticide, paper and paper-
board, plastics, and leather sectors are responsible for water pollution [5]. In terms of the
food processing subsector, seafood processing stands out due to the large scale of produc-
tion and high pollution load levels. Contamination of drinking water through industrial
waste results from various types of industrial processes and disposal practices. The occur-
rence of industrial wastewater contamination is widespread across Vietnam, since most
industrial areas do not have wastewater treatment systems installed [20], particularly due
to financial constraints of small- and medium-sized enterprises preventing investment [22].
Other contamination pathways include seepage of chemicals through the soil into ground-
water from waste disposal sites, runoff of chemicals that are washed into water bodies from
the soil where they were used or spilled, and aerial dispersion of substances into rainwater
and dust particles. Emission of pollutants often include highly toxic organic wastes such as
pesticide residues, solvents, cleaning fluids, dissolved residue from fruit and vegetables,
and lignin from pulp and paper, and also inorganic waste effluents, namely brine salts and
toxic metals such as zinc, copper, cadmium, chromium, lead, and mercury [19].

Polluted water increases the risk of various diseases, such as typhoid, cholera, and eye
infections [23]. There is a variety of water sources, and in some of the water sources,
unsafe levels of chemicals are found. Different water sources are categorized in im-
proved and unimproved water sources. Improved water sources include piped water
(dwelling, year/plot, public tab/standpipe), tube-well, protected well, protected spring,
harvested rainwater, and bottled water. Unimproved water sources include unprotected
well, unprotected spring, and surface water [23–25]. The results of the Multiple Indicator
Cluster Survey of 2014 showed that 92% of the total population in Vietnam had access
to improved water sources. Of the population living in urban areas, 98.2% had access to
improved water sources, and in rural areas 89.1% of the population had access to improved
water sources [25]. Access to improved water sources does not necessarily mean that
people have access to safe drinking water. In the Mekong delta, samples of groundwa-
ter, harvested rainwater, flocculated canal water, and bottled water contained pesticide
residues. Hence, even though bottled water and rainwater are defined as improved water
sources in different studies, the water could still be polluted. Pesticide residues concen-
trations are still found in harvested rainwater, since rainwater is often stored in the same
tanks where water from other water sources (e.g., canal water) is stored during the dry
season. Canal water might contain pesticide residues and therefore transfer pesticides from
canal water to harvested rainwater the next rainy season [24].

The different ways of impact of environmental pressures on the food system are hard
to measure and difficult to disentangle. In most research, the food safety issue is considered
from an individual consumer perspective emphasizing residues in food or unsafe drinking
water [5]. The impact of environmental pressures on diets in Vietnam has not been analyzed
with the food system approach. In this study, we focus attention on the water-related
environmental pressures on food consumption in Vietnam, and particularly we explore
how potential exposure to water pollution is related to food consumption choices. This is
operationalized by considering the overall consumption pattern in relation to the potential
existence of environmental pressures, the latter usually not being considered in previous
analyses. This approach is applied to a case study in northern Vietnam, for which detailed
data on both household and landscape characteristics are available.
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2. Materials and Methods
2.1. Approach

One way to analyze food consumption is to apply demand system approaches. Within
the context of low and middle income countries (LMIC), the food demand systems mod-
eling approach has occasionally been applied when analyzing food demand such as in
India [26], Nigeria [27], and South Africa [28]. In Vietnam, there are several studies that
analyzed food demand systems. An example is the linear approach of the Almost Ideal
Demand System [29]. He used the VLSS of 2004 and distinguished three categories of food,
namely rice, meat/fish, and non-rice food. The first two are characterized as normal goods,
which means that the income elasticities are positive and lower than one. Non-rice food
has an income elasticity that is larger than one, and thus it is characterized as a luxury
good. Another study applied a similar approach where several food commodities were
included with the VHLSS data for 2006 [30].

However, food demand systems are based on the consumer theory which assumes
that consumers or households behave rationally [31]. In addition, there is often an implicit
assumption that income and income generating activities are separated from consumer
decisions. From a theoretical point of view, this assumption, however, is not likely to be
valid for households practicing agricultural activities, because consumer and producer
decisions are non-separable as explained by the theory of farm households [32]. The main
concern with evaluating a full food demand system in LMIC is that key assumptions might
be violated due to the presence of food consumption from own agricultural production
and from gifts by relatives and friends. Therefore, we do not use a full demand system
approach rather than a system of food consumption equations.

The main interest of this study is the impact of landscape characteristics on food
consumption for both farm/non-farm households, and households which do and do not
consume food away from home (FAFH). It includes prepared meals purchased in restau-
rants, hotels, or from street vendors. FAFH consumption is significant in Vietnam [33].

2.2. Methodology

The model is written as follows:

Yij = β0 + βiXi + β2jSd(i) + uij (1)

where Yij represents the food consumption of household i of food consumption group j,
with households i = 1, . . . , N and food consumption group j = 1, . . . , K. On the left-hand
side of Equation (1), Xi represent the vector of household characteristics, Sd(i) represents a
set of landscape indicators, and uij is the error term. The landscape indicators Sd(i) are not
measured at the individual household level but at the level of districts with the index d = 1,
..., D. Each household i is associated with a district d(i). In the sample, a district is linked to
multiple households.

Landscape characteristics may influence different aspects of consumer behavior.
These aspects are often absent in high resolution surveys (household surveys or surveys of
individuals), although the location of the household or individual is known. Furthermore,
landscape characteristics might also form some sort of contextual reference of individual
indicators. As fertilizer use of farmers is often observed in questionnaires on agricultural
production, the fertilizer use at the community level or district level tells how common
(or not) the use of fertilizer is in the area. In this way, the fertilizer use of one farmer is ref-
erenced to the common level in the area. Moreover, the addition of landscape effects might
also reveal spillover effects which are not encountered easily. Obviously, the inclusion of
regional specific dummies could also encounter the regional effects, but when regional
characteristics differ significantly across communities, districts, or regions, these indicators
allow to add explanatory power to the regression estimations.
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For this study, land cover configuration, population density, and accessibility to main
urban centers were included as indicators of landscape characteristics. These indicators
were used as explanatory variables for the analyses of the food demand system equations in
Equation (1) for rural and urban settings of the study area. They are computed at the district
level in order to capture the potential effects of local determinants of food consumption and
demand, and of spatial externalities in the use of pesticides and fertilizers at the regional
level, respectively. The set of landscape indicators is subsequently integrated with the set
of household indicators according to the district/province where the household residence
is located, i.e., each household in district/province X has the same value for landscape
indicator Y.

With respect to the land cover configuration, the effect of the prevalence of urban areas
and water bodies within an administrative unit was investigated. These land-use types
were selected since they influence not only the variety and availability of food items [33–38],
but also the exposure to health risks [24,39–41]. The contribution of urban areas and water
bodies to the overall land cover configuration was calculated for each administrative unit
in terms of share of the total area of the territory that is devoted to each of these land cover
types (in %), as follows:

LCsr = Air/Ar = nir/nr, (2)

where:

LCsr is the share of land cover i in the district r (in %);
Air is the area devoted to land cover i in district r;
Ar is the total territorial area of district r;
nir is the total number of grid cells with land cover i located within district r; and
nr is the total number of grid cells located within district r.

Average population density was calculated by dividing the amount of people liv-
ing within an administrative unit with the total area of that territory (in people/km2),
as follows:

PopDr = Popr/Ar = Σc Popc,r/Σc Ac,r, for c = 1, ..., nr (3)

where

PopDr is the average population density of district r (in people/km2);
Popr is the population in the district r;
Ar is the total area of the district r;
Popc,r is the population in grid cell c, located within district r;
Ac,r is the area of grid cell c; and
nr is the total number of grid cells located within district r.

To investigate the extent to which the population of an administrative unit is well
connected to the main urban centers, the average population-weighted accessibility is
calculated as follows:

PWAr = (Σc Popc,r Accessc,r)/Σc nc,r I(Popc,r) for c = 1, ..., nr (4)

where:

PWAr is the average population-weighted accessibility level in district r (in person*minutes);
Popc,r is the population in grid cell c, located within district r;
Accessc,r is the accessibility level observed in a grid cell c; and
I(.) is the binary function which equals 1 if the value of Popcr is positive, and 0 otherwise.

Thus, the denominator is Equation (4) indicates the total number of grid cells located
within district r in which population is observed.
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Additional landscape indicators were considered as explanatory variables, such as
share of irrigated land and average elevation. However, a quick analysis of correlation
coefficients of the available landscape characteristics showed high and significant values.
The selection of the landscape characteristics to be included in the model was based upon
the lowest correlation values possible.

From the landscape indicators and the associated water-related environmental pres-
sures, three exposure profiles were defined as presented in Table 1.

Table 1. Exposure to environmental pollution and health.

Exposure Profile Share of Surface Water Urban Share

Danger of Waterborne Diseases Danger of Health Issues Related
to Emission on Toxic Substances

I High High High

IIa Moderate High Low

b Moderate Low High

III Low Low Low

The consumer is highly exposed if the shares of both surface water and urban areas
is high. The exposure is low if both shares are low. In the case that either one of the
shares is high and the other low, the exposure was defined as moderate. From our analysis,
we cannot identify whether or not there is a difference in impact of the environmental
pollution from surface water or urban areas.

3. Data
3.1. Vietnam Household Living Standards Survey (VHLSS)

This study uses one cross-section of the Vietnam Household Living Standards Survey
(VHLSS) for 2014. The VHLSS was conducted by Vietnam’s General Statistics Office (GSO)
in collaboration with the World Bank. The survey is representative at the national and
regional level. The survey includes 9399 households in Vietnam, from which 70.4% live in
rural and 29.6% in urban areas.

VHLSS2014 has information on food consumption and expenditures and demographic
and socio-economic characteristics of the households. Based on the food consumption
data for the households, we constructed the shares of food consumption categories in the
total consumption value and in the total caloric intake. We calculated the total caloric
intake of the household by taking the value of total consumption of the each of the 54 food
items, dividing it by the price of caloric intake per food item (Table A1 in the Appendix A),
and summing the caloric intake of consumption per food item. Then, the shares of food
consumption categories in total food consumption value were calculated. The food con-
sumption categories were cereals, meat, fish, fruit and vegetables, dairy, FAFH, other food
products. The available data on health expenditure in the VHLSS, the data source of this
paper, are limited. Data on the different reasons to visit medical services, the household
expenditures on both residential and non-residential treatment, and expenses on medicine
and medical facilities are available. There is no data available for the health care costs
linked to foodborne diseases or other diseases or symptoms related to unsafe food practices
(e.g., polluted water).
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As defined in the previous section, sources of drinking water influence also the
health status of people. The VHLSS contains information on the different sources of
drinking water and also information if the drinking water is treated (boiled, filtered,
chemicals used) before consumed. Different drinking water sources defined in the VHLSS
are tap water reaching the house, public tab water, drilled well, protected dug well,
unprotected dug well, protected stream well, unprotected stream well, bought water,
rainwater, and other. Tap water reaching the house, public tab water, drilled well, protected
dug well, protected stream well, bought water, and rainwater were categorized as improved
water sources. Unprotected dug well and unprotected stream well are categorized as
unimproved water sources.

The survey of the northern regions was checked for outliers in the sections of food
consumption, agricultural production, and household characteristics. In total, 340 house-
holds were excluded from the sample because there were missing variables or extreme
values. For the caloric intake per Adult Male Equivalent (AME) per household, for instance,
we used a range of 500 to 5000 kilocalories, and households with values outside this range
were excluded. This leaves us with a sample of 5381 households.

Based on earlier studies, we selected a number of household characteristics that are
likely to contribute to the explanation of food consumption in Vietnam. The household
characteristics include the following indicators:

• a dummy which equals to 1 if the households lives in an urban area and 0 otherwise;
• a dummy which equals to 1 if the urban household is involved in agriculture and 0

otherwise;
• the household size;
• the dependency ratio = share of children and elderly in the household;
• a dummy for ethnic minorities in the northern mountain region;
• age of the household head;
• gender, i.e., a dummy which equals to 1 if the household head is male and 0 otherwise;
• education with dummies for the categories (1) no education, (2) primary education,

(3) lower secondary education, (4) higher education, and (5) college or higher education;
• income with dummies for the income quartiles; and
• source of drinking water with three dummies namely, tap water, water well, and wa-

ter stream.

For the household income, the quartiles of income were identified. The quartiles were
assigned for the complete survey, and we only use a sample. As a result, the shares of
the income quartiles might deviate from the expected 25%. Furthermore, income class 1
represents the group of households with the lowest income, and income class 4 represents
the households with the highest income.

3.2. Spatial Data

In order to compute the landscape indicators described in Section 2.2, several spatial
datasets were collected, as summarized below in Table 2. All datasets were re-projected to
WGS84 projection and clipped with Vietnam country borders. Since there was no need to
combine datasets with different spatial resolutions for the computation of the indicators,
we refrained from resampling the grid cell size of the raster datasets, in order to avoid
introducing additional mapping errors.

The landscape characteristics were derived from the spatial information retrieved
from the Japan Aerospace Exploration Agency (JAXA). The High-Resolution Land Use and
Land Cover Map of the Northern Region of Vietnam includes the share of surface water
and the share of urban area measured at district level. Maps are only available for northern
Vietnam, and we use this sample of the VHLSS 2014.
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Table 2. Spatial data sources used to compute landscape indicators.

Dataset Spatial Extent Spatial
Resolution

Temporal
Coverage Source Indicators Computed

High-Resolution Land Use
and Land Cover Map

Northern Region
of Vietnam 250 m 2015 EORC, JAXA Land cover share

Global Human Settlement
(GHS) population grid Global 1 km 2015 EC-JRC

Population density and
population-weighted
accessibility to cities

Malaria Atlas Project (MAP)
accessibility to cities Global 1 km 2015 Malaria Atlas

Project
Population-weighted
accessibility to cities

Figure 1 shows that the share of both surface water and urban area is highest in the
city of Hanoi and surrounding area. In addition, the area along the coast at the south of
Hanoi shows a relatively high share of surface water area.

Figure 1. Share of water (panel (A)) and share of urban areas (panel (B)) in districts in northern Vietnam.

3.3. Combined Data

For our analysis, we used the VHLSS for 2014 because this survey is closest to the
period of data collection of the spatial data, see below. Moreover, we selected the three
northern provinces (Red River Delta, Midlands and Northern Mountains, and Northern
and Coastal Central Region) due to the fact that spatial information was only available
for these three provinces. The survey of the three northern regions consists of 5381 house-
holds (i.e., cleaned data). We merged the available spatial data to the household survey.
For 1622 households, there is no information on the district characteristics in the spatial
data base, so that the resulting sample consists of 3759 households.

3.4. Descriptive Statistics
3.4.1. Food Consumption Indicators

Table 3 presents the averages of the food consumption categories in the total consump-
tion value and the caloric intake.
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Table 3. Descriptive statistics of the households’ food consumption value and caloric intake per
month for the food consumption categories.

Food Consumption Value
(1000 Vietnamese Dong)

Caloric Intake
(kcal)

Variable Mean SD Min Max Mean SD Min Max

Cereals 994.3 498.2 0 5722 142,191 72,833 0 528,065
Fruit and Vegetables 311.4 249.8 0 2740 14,450 9179 0 96,644

Meat 753.0 559.8 0 5897 19,911 13,243 0 139,820
Fish 377.5 414.7 0 4600 3400 3050 0 35,094

Dairy products and eggs 290.8 563.4 0 7401 3606 4569 0 50,307
Food away from home

(FAFH) 1065.2 1875.7 0 36,540 41,514 60,204 0 440,093

Other 417.5 301.1 0 7784 24,576 15,673 0 359,769

The share of the consumption value is the highest for cereals, namely a share of 29.6%,
followed by meat with FAFH with a share of 19.1% and 17.0% respectively, see Figure 2.
The category dairy products and eggs has the smallest share with only 0.0563 followed by
fruit and vegetables with 8.1%.

Figure 2. Share of food consumption categories in the total food consumption value and the caloric intake.

For the share of calorie intake, cereals represent more than half of the total share,
namely 0.5791. FAFH followed cereals as the second highest share of calorie intake with a
share of 0.1371. Dairy products and eggs as well as fish both counted the smallest shares in
calorie intake with a share of 0.0149.

3.4.2. Landscape Characteristics

The average share of urban areas equals 15.5% and the average share of water equals
6.3, see Table 4. The accessibility to the nearest city (population times minutes divided by
1000) equals 0.0583 and the average population density equals 1.7807.
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Table 4. Descriptive statistics of the landscape characteristics.

Variable Mean SD

Ratio of urban area in the district 0.1551 0.2003
Ratio of surface water area in the district 0.0626 0.0677

Accessibility of the district 0.0583 0.1762
Population density of the district 1.7807 5.0168

3.4.3. Household Characteristics

Table 5 shows that a quarter of the households in the sample lives in urban ar-
eas. Approximately 25–30% of the urban people were involved in agriculture practices,
which equals to 7.1% of the households in the sample. The average dependency ratio
(i.e., ratio of household members below an age of 16 and above an age of 64) equals 0.3261,
and the average household size equals 3.8 household members. In the northern mountain
region, 20.6% of the households belong to an ethnic minority. The average age of the head
of the households equals 50 years old and 78.6% of the sample is represented by men.
Of the household heads, 11.6% did not complete a formal education, 21.6% completed
primary education, 40.4% completed lower secondary education, 19.4% higher secondary
education, and 7.0% completed college or a higher degree.

Table 5. Descriptive statistics of the household characteristics.

Variable Mean SD Minimum Maximum

Urban (1 if household head (hh) lives in urban area, 0 = otherwise) 0.2525 0.4345 0 1
HH is farmer (1 if hh in urban areas is farmer, 0 otherwise) 0.0708 0.2565 0 1

Dependency ratio 0.3261 0.2729 0 1
Household size 3.83 1.52 1 11

Ethnicity (1 if hh lives in northern mountain region and hh belongs
to minority, 0 = otherwise) 0.2056 0.4042 0 1

Age head 50.3 13.8 16 105
Gender head (1 = male, 0 = female) 0.7864 0.4099 0 1

No education 0.1163 0.3206 0 1
Primary education 0.2157 0.4114 0 1

Lower secondary education 0.4044 0.4908 0 1
Higher secondary education 0.1937 0.3952 0 1

College or higher 0.0700 0.2551 0 1
Income quartile 1 0.2700 0.4440 0 1
Income quartile 2 0.2381 0.4260 0 1
Income quartile 3 0.2509 0.4336 0 1
Income quartile 4 0.2410 0.4278 0 1

Source drinking water tap water (rural) 0.2626 0.4401 0 1
Source drinking water well (urban) 0.4009 0.4901 0 1
Source drinking water well (rural) 0.4254 0.4945 0 1

Source drinking water stream (urban) 0.0915 0.2884 0 1
Source drinking water stream (rural) 0.1418 0.3489 0 1

In rural areas, 26.3% of the households use tap water as main source of drinking water,
42.5% of the rural households use a well as main source of drinking water, and 14.2% of
the households use a stream as main source of drinking water. In urban areas, 40.1% of the
households use a well as main source of drinking water, and 9.2% of the household use a
stream as main source of drinking water.

4. Results

Following the specification in Equation (1), we regressed the share of food consump-
tion categories on a series of household characteristics and spatial district landscape
characteristics using the sample presented in the previous section. To avoid overidentifica-
tion, six of the seven food consumption categories in our analyses were included, namely
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cereals, fruit and vegetables, meat, fish, dairy products and eggs, and food away from
home. The category “other food and beverages” was excluded to avoid overidentification
of the system of equations. First, Ordinary Least Squares (OLS) regressions to estimate the
coefficients of the six specifications were explored and the residuals turned out to be highly
correlated. Therefore, we applied the seemingly unrelated regressions equations (SURE)
approach to calculate robust standard errors for the coefficient. Table 6 shows the results of
the SURE model, and we will focus attention on the discussion of the significant effects of
the results.

Table 6. Regression results of the seemingly unrelated regression equations (SURE) #.

Variables Cereals Fruit and
Vegetables Meat Fish

Dairy
Products
and Eggs

FAFH

District characteristics
Urban −0.1218 *** 0.0212 ** −0.0667 *** 0.0258 ** 0.0083 0.1638 ***

(0.0243) (0.0086) (0.0178) (0.0131) (0.0152) (0.0362)
Water −0.0572 −0.0106 −0.0636 ** 0.1144 *** 0.0128 −0.0125

(0.0368) (0.0130) (0.0271) (0.0199) (0.0231) (0.0549)
Accessibility 0.0488 *** 0.0070 −0.0254 *** −0.0011 −0.0085 −0.0184

(0.0133) (0.0047) (0.0098) (0.0072) (0.0083) (0.0198)
Population density 0.0017 ** −0.0005 * −0.0001 −0.0004 −0.0003 −0.0008

(0.0008) (0.0003) (0.0006) (0.0004) (0.0005) (0.0012)
Household characteristics

Urban household −0.0277 *** 0.0068 *** −0.0016 0.0027 0.0074 0.0193
(0.0073) (0.0026) (0.0054) (0.0039) (0.0046) (0.0109)

Urban household head is farmer
0.0237 *** 0.0017 0.0120 * −0.0002 −0.0115 ** −0.0306 **
(0.0090) (0.0032) (0.0066) (0.0049) (0.0056) (0.0134)

Household size 0.0131 *** −0.0059 *** −0.0111 *** −0.0045 *** 0.0072 *** 0.0073 ***
(0.0015) (0.0005) (0.0011) (0.0008) (0.0009) (0.0022)

Dependency ratio −0.0044 0.0116 *** 0.0081 0.0002 0.0594 *** −0.0874 ***
(0.0073) (0.0026) (0.0053) (0.0039) (0.0045) (0.0108)

Ethnicity head
(northern mountain region)

0.0279 *** −0.0016 0.0000 0.0041 −0.0124 ** −0.0219 *
(0.0081) (0.0028) (0.0059) (0.0044) (0.0051) (0.0120)

Age head 0.0002 0.0003 *** 0.0002 * 0.0003 *** −0.0003 *** −0.0010 ***
(0.0002) (0.0001) (0.0001) (0.0001) (0.0001) (0.0002)

Gender head 0.0002 −0.0048 *** 0.0153 *** −0.0003 −0.0169 *** −0.0031
(male = 1) (0.0048) (0.0017) (0.0036) (0.0026) (0.0030) (0.0072)

Education head (2) −0.0111 −0.0039 0.0097 * 0.0056 0.0013 −0.0017
(0.0070) (0.0025) (0.0051) (0.0038) (0.0044) (0.0104)

Education head (3) −0.0300 *** −0.0024 0.0120 ** 0.0053 0.0099 ** 0.0057
(0.0068) (0.0024) (0.0050) (0.0037) (0.0042) (0.0101)

Education head (4) −0.0458 *** −0.0059 ** 0.0035 0.0050 0.0093 * 0.0361 ***
(0.0078) (0.0027) (0.0057) (0.0042) (0.0049) (0.0116)

Education head (5) −0.0607 *** −0.0104 *** −0.0046 0.0128 ** 0.0346 *** 0.0403 ***
(0.0102) (0.0036) (0.0075) (0.0055) (0.0064) (0.0153)

Income quartile (2) −0.0500 *** −0.0012 0.0216 *** 0.0029 0.0030 0.0267 ***
(0.0057) (0.0020) (0.0042) (0.0031) (0.0035) (0.0084)

Income quartile (3) −0.1041 *** −0.0077 *** 0.0280 *** −0.0004 0.0118 *** 0.0800 ***
(0.0062) (0.0022) (0.0046) (0.0034) (0.0039) (0.0093)

Income quartile (4) −0.1360 *** −0.0111 *** 0.0283 *** −0.0018 0.0132 *** 0.1136 ***
(0.0072) (0.0025) (0.0053) (0.0039) (0.0045) (0.0107)

Drinking water source

Tap water (Rural) 0.0025 −0.0001 0.0060 −0.0159 *** −0.0033 0.0177
(0.0073) (0.0026) (0.0053) (0.0039) (0.0045) (0.0108)

Well (Urban)
−0.0214 * −0.0109 ** 0.0241 *** −0.0036 0.0078 0.0075
(0.0121) (0.0043) (0.0089) (0.0065) (0.0076) (0.0180)

Well (Rural)
0.0410 *** 0.0117 ** −0.0149 −0.0045 −0.0128 −0.0234
(0.0131) (0.0046) (0.0096) (0.0071) (0.0082) (0.0196)
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Table 6. Cont.

Variables Cereals Fruit and
Vegetables Meat Fish

Dairy
Products
and Eggs

FAFH

Stream (Urban)
−0.0098 −0.0005 0.0145 * −0.0026 0.0011 0.0010
(0.0102) (0.0036) (0.0075) (0.0055) (0.0064) (0.0153)

Stream (Rural)
0.0652 *** −0.0023 −0.0170 ** −0.0138 ** −0.0123 * −0.0308 *
(0.0117) (0.0041) (0.0086) (0.0063) (0.0073) (0.0174)

Time and administrative
are dummies

Province dummies Yes Yes Yes Yes Yes Yes
Period of surveying

June
−0.0096 * 0.0032 * −0.0002 0.0023 0.0072 ** −0.0072
(0.0053) (0.0019) (0.0039) (0.0029) (0.0033) (0.0079)

September −0.0198 *** −0.0009 0.0070 * 0.0041 0.0061 * 0.0031
(0.0052) (0.0018) (0.0039) (0.0028) (0.0033) (0.0078)

December
−0.0217 *** −0.0018 0.0017 0.0023 0.0019 0.0186 **

(0.0053) (0.0019) (0.0039) (0.0028) (0.0033) (0.0079)
Constant 0.3249 *** 0.1084 *** 0.2106 *** 0.0713 *** 0.0354 *** 0.1173 ***

(0.0161) (0.0057) (0.0118) (0.0087) (0.0101) (0.0240)
Observations 3759 3759 3759 3759 3759 3759

R-squared 0.4411 0.1599 0.1494 0.2489 0.1634 0.2423

Standard errors in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. # See Appendix B for the results of the province dummies.

4.1. Landscape Characteristics

The district landscape characteristics which are included in the analysis are linked to
the exposure level of environmental pollution and health. Households living in districts in
which the urbanization rate is higher and in areas with a higher share of surface water are
more potentially exposed to environmental pollution than households living in districts in
which the urbanization rate is lower and districts with a lower share of surface water.

The households living in a district in which the urbanization rate is higher had a
lower share of cereals as well as meat and higher shares of fruit and vegetables, fish,
and food consumed away from home. Households living in a district in which the share
of surface water is higher had a lower share of meat consumption and a higher share of
fish consumption.

If the exposure level of environmental pollution to the consumption shares were linked,
the results showed us that the consumption share of cereals decreased when households
lived in districts with a higher urbanization rate. This indicates that households potentially
exposed to higher environmental pollution consumed less cereals. Moreover, the results
suggested that households consumed less meat when living in districts with a higher
urbanized share and a high share of surface water. Hence, the households which are
identified as high exposure profile consumed less meat.

Households consumed more fish when they were living in an area with a large share
of surface water and consumed less fish when living in a district with a higher urbanization
rate. The higher share of surface waters suggests a higher fish stock. However, the danger
of waterborne diseases caused by the exposure to environmental pollution also increases
in case households were living in districts with a higher share of surface water.

The consumption of fruit and vegetables increased for households living in urbanized
districts. These households living in the urbanized districts face more danger to health
issues due to emission on toxic substances compared to households living in less urbanized
districts. The industrial pollution could contaminate the produced fruit and vegetables in
the urban areas.

The FAFH consumption increased for households living in districts with a higher
urbanization share due to the availability of food outlets. The urban households risk more
danger to foodborne diseases caused by environmental pollution in the food they consume
away from home.
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The accessibility to a city influenced the share of cereals positively and the share of
meat negatively. Households living in more densely populated areas showed a higher
share of cereals and a lower share of fruit and vegetables. Very densely populated areas in
cities are often the poorer neighborhoods due to high prices of land. The poorer households
in these densely populated areas spend less money on food consumption and therefore
will consume cheaper food products such as cereals and less expensive food products such
as fruit and vegetables.

4.2. Household Characteristics

The results in Table 6 show that households living in urban areas had a lower share
of cereals in their food consumption, a higher share of fruit and vegetables, and a higher
share of food consumed away from home. Households living in urban areas were probably
less often involved in agricultural practices and hence were less involved in producing
their own food products. Moreover, household in urban areas have higher accessibility
to food outlets (shops, restaurants, and markets) where people can consume prepared or
takeaway meals. This is supported by the results that people in urban areas have a higher
share of food consumed away from home. In urban areas, the income and education level
were relatively higher compared to rural areas which could explain the higher share of
fruit and vegetables and lower share of cereals.

If an urban household is involved in agriculture, the household had a higher share for
cereals and meat and a lower share for dairy products and eggs and food consumed away
from home. These households produced more of their own food. which could explain the
higher shares for cereals and meat. The lower share for food consumed away from home
seems to confirm the higher share of home production of food products.

The household size showed significant effects for all food consumption categories.
For cereals, dairy products and eggs, and food consumed away from home, the coefficients
of household size were positive, which means the larger the household, the higher the share
of the food consumption categories. The coefficients of household size in the equations of
the shares of fruit and vegetables, meat, and fish were negative. These categories are often
seen as more luxury food products.

Households with a higher dependency ratio had a higher share of fruit and vegetables
and dairy products and eggs, and a lower share of food consumed away from home.
This indicates that larger households attempt to provide their children with a healthy
diet consuming more fruit and vegetables as well as dairy products and eggs. The share
of food away from home could be lower because it is more convenient (both time- and
pricewise) to consume a meal at home if your household consists of multiple children and
or elderly people.

The age of the head of the household showed many significant results for the different
food consumption categories. The shares of fruit and vegetables, meat, and fish showed a
positive relationship, so that the shares increased with the age of the head. The coefficient
of the dependency ratio was negative for the equations of the shares of dairy products and
eggs and food away from home.

Education and income seemed to influence the share of most food consumption
categories. Education is divided into five different classes and the effect of income is
calculated per income quartile. The categories with the lowest level of education and
income were used as reference categories.

The coefficient for the dummy variable of household heads that completed primary
education was positive in the share of meat equation. The education classes for lower sec-
ondary education, higher secondary education, and college or higher showed all negative
results for the share of cereals. The higher the education class, the smaller the magnitude
of the negative effect. This indicates that with a higher completed education the negative
effect on the share of cereals decreases. The education classes for higher secondary edu-
cation and college or higher both show a negative effect. The negative effect is larger for
household heads with a college or higher education. The education classes for no education



Sustainability 2021, 13, 1945 14 of 22

and primary education both show a positive effect. The effect is larger for primary educa-
tion. In the equation of the share of fish, there was a positive result for household head
with college or higher education. The share of dairy products and eggs showed positive
effects for lower secondary education, higher secondary education, and college or higher
completed education. Lastly, the education classes higher secondary and college or higher
showed both a positive result. The positive result is larger for college or higher completed
education level.

The coefficients of the income quartiles showed negative coefficients for the equations
of the share of cereals. The coefficients for income were −0.05, −0.1041, and −0.1360 for
the income quartiles 2, 3, and 4 respectively. Income quartile 3 and 4 showed a negative
effect for the share of fruit and vegetables and for dairy products and eggs. For the share of
meat and the share of food consumed away from home, the coefficient for all three income
quartiles were positive.

4.3. Drinking Water Sources

For rural households using tap water as primary water source, the households had
a lower share of fish. In urban areas, households with a well as their primary drinking
water source had a lower share of cereals as well as fruit and vegetables, while they had a
higher share of meat. Households living in urban areas that use a well as their primary
water source most likely do not live in the most densely populated urban areas. At the
outskirts of the urban areas, these households could keep their own livestock which could
explain their higher share of meat consumption.

Households living in rural areas that use a well as their primary water source had a
higher share for cereals and fruit and vegetables. If the household does not have access
to tap water, this could indicate that the household lives in a remote area. Households
living in more remote areas are more likely to be farming households producing cereals
and maybe also fruit and/or vegetables. Moreover, households living remotely largely
depend on sales of agricultural products for their income, and usually the average income
is lower in rural areas. Especially the higher share of cereals could be explained by the
higher availability of cereals in rural areas.

For urban households using a well as primary water source, only the share of meat
showed a significant effect. These households have a higher share for meat consumption.
Urban households which use a stream as their primary water source, are probably located
in peri-urban areas, where they can keep their own livestock. Rural households using a
stream as primary water source have a higher share of cereals and a lower share of meat,
fish, dairy products and eggs, as well as food consumed away from home.

4.4. Province and Time

In the specification, dummy variables for the different provinces and months are in-
cluded. The results of the individual provinces are highlighted in Appendix B. Dummy vari-
ables for the period of surveying is carried out are included in the model as well. In case
the survey was carried out in June, September, or December, the share of cereals decreased.
The negative effect was largest in December. The share of fruit and vegetables and dairy
products and eggs showed a positive significant effect for June. In December, the share of
food consumed away from home showed a positive effect.

5. Discussion

In this section, we discuss the results in more detail and compare them to previous
studies. Moreover, limitations to the study are addressed.

5.1. Cereals

Changes in income over time have shown to influence the food consumption patterns
of consumers. For example, in China, an increase in income in the late 1990s led to a
decrease in the food consumption value of cereals, mainly rice [42]. Furthermore, results of
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the VHLSS of 2006 indicated a lower share of cereals of the food expenditures for higher
income quantiles [30]. Therefore, the results of this paper showed a negative relation
between increases in income and the share of consumption value for cereals.

Compared to the results of the VHLSS of 2006, the data of 2014 also indicated a lower
share of cereals among urban households. In this paper, the effects of the households
being a farmer on the share of the different food consumption categories were estimated.
Urban households involved in agriculture had a higher share of cereals. The data of the
VHLSS of 2006 showed a higher share of cereals among farmers compared to non-farmers,
however this estimation is not specified for urban households [30].

Ethnic minorities in Vietnam had a higher share of cereals compared to the ethnic
majority (Kihn) in the 2006 VHLSS dataset. Furthermore, we conclude that ethnic minorities
in the northern mountain region had a higher share of cereals. Minorities in Vietnam live
more often in rural areas and are therefore more often involved in agricultural practices [30].

5.2. Fruit and Vegetables

A study in Vietnam conducted in 2009 and 2010 concluded that urban households
consume more fruit and vegetables compared to rural households [43]. Results of this
study also indicated a higher share for fruit and vegetables among urban households.

This same study conducted in 2009 and 2010 also concluded that income level and
education level have positive effects on the consumption value of fruit and vegetables.
The results of this paper concluded conflicting effects. Both education and income had
a negative effect on the share of fruit and vegetable consumption. The negative effect
increased for higher education levels and income levels.

A study on rural households in Vietnam in 2005 showed that men less often con-
sumed fruit compared to women [44]. The results of this paper showed that male-headed
household had a lower share of fruit and vegetables as well.

5.3. Meat

The results of the SURE showed that the share of meat of the food consumption value
is influenced by different household characteristics. Comparing the results of this paper
to the results of the VHLSS of 2010 show many similar results. Data from the VHLSS of
2010 showed that an increase in household size results in a lower consumption of meat.
Furthermore, households with male heads, households with a household head with a
higher age, households living in urban areas, households with a household head with
a higher completed education, and households with a higher income consumed more
meat [45]. These similar results show the consistency in the food consumption value of
households in case of meat consumption.

The parameter estimation of urban for the household characteristics is not significant.
This means there is no statistically significant difference between rural and urban house-
holds in their consumption value for meat. However, the parameter estimation of urban
for the district characteristics was significant and negative.

5.4. Fish

In a previous study among Asian countries, the income of the household, the location
of the household (rural or urban), and the fact if the household was involved in agriculture
(fish farmer) contributed to the fish consumption level of a household [46]. Household
size, the age of the household head, and education showed significant results in this study,
but not in the previous study among different Asian countries.
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5.5. Dairy Products and Eggs

A previous study based on the VHLSS 2010 results showed a positive effect of the
decision to consume dairy products if the household size increases, and a negative effect
for the expenditure level if the household size increases. If the household size increases,
more households consumed dairy products, but their total expenditures on dairy products
decreased [47]. Based on the VHLSS of 2014, this study showed a positive effect of the
increase in household size and consumption share of dairy products and eggs.

A study on rural households in Vietnam on milk consumption concluded that house-
holds consisting of more children and elders spent a higher share of their budget on milk
consumption. Children and elderly are the more prioritized persons for milk consumption
due to health reasons. The same results were shown for this paper.

The age of the household head negatively influenced consumption of dairy products
and eggs. A higher age of the household head could indicate that the household does not
consist of a young couple with young children, but rather a household with either children
of an older age or the children already moved out of their parents’ house. As was argued
for the dependency ratio, that parents prioritize children for milk consumption could lead
to a lower share of dairy products and eggs in case the household head’s age increases.

Moreover, a higher completed education level and income level results in a higher
expenditure on dairy products and eggs. The results of the VHLSS of 2010 and the
study of rural households in Vietnam showed the same positive effects of education level
and income [48].

5.6. Food away from Home (FAFH)

Studies concluded that households living in urban areas consume more food away
from home compared to households in rural areas. The higher availability of food outlets
where people have access to cheap and quickly prepared ready-made meals results in a
higher intake of food consumed away from home in urban areas [42,49].

The data of the VHLSS of 2006 showed that farmer households had on average a lower
share of FAFH expenditures compared to non-farmer households [30].

In addition, a higher income leads to a higher consumption value of food consumed
away from home. The results of this paper showed a positive impact of income on the
share of food consumed away from home. For higher income quartiles, the positive
coefficient increases.

5.7. Limitations

Obviously, to explore the impact of environmental pollution on the food system
and health, more accurate information and data is required. However, detailed data are
unavailable. In our analysis, we also investigated the relationship between environmental
pollution, food consumption, and health outcomes. The lack of suitable data on health
expenditure made it impossible to measure the actual impact of foodborne diseases on the
health care expenditures of households.

The district land cover share variables which were included in the analysis were
only available for the three northern districts of Vietnam, which might limit the external
validity of this study. Moreover, the data for the district variables are not collected as
frequently as the national household data (VHLSS), therefore the data used in this study
are not the most recent dataset of the VHLSS and might be outdated. In addition, since a
comprehensive survey on surface water quality is not available in Vietnam, variables such
as the urbanization rate and share of surface water per district were operationalized as
proxies for water pollution. The results of the districts characteristics are therefore only an
indication for potential exposure to toxic hazards.
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6. Conclusions

This study discussed the environmental pressures of food consumption in Vietnam
using a food system approach. Environmental pressures in the food system are not only
related to the diets and the value chains but might also be affected by exposure to toxic
hazards due to water pollution by agriculture and manufacturing industries. In Vietnam,
water pollution from these activities are still very widespread, although the exact mag-
nitude is unknown or inaccurate. Therefore, we proposed to use proxies for pollution
based on spatial information—the so-called landscape characteristics—reflecting certain
profiles of potential water pollution. With the food consumption information from the
VHLSS 2014 and spatial data, we explained the drivers of food consumption categories.
The results indicated that urban household have a different food consumption pattern than
rural households. Based on the landscape characteristics, households in urban areas eat
more fruit and vegetables as well as fish. Since these food categories are usually more prone
to food safety risks such as residues of pesticides of waterborne diseases, urban households
in areas with higher degrees of urbanization even face a double environmental burden:
not only do they consume more food with food safety risks, but they also are potentially
more exposed to toxic hazards through water consumption. Our findings might raise a
concern for policy makers steering consumers in Vietnam to healthier diets that there are
combined environmental effects to consider as well.

The results of this study are indicative because we used landscape characteristics to
proxy the environmental pollution effects on food consumption. Despite this fact, the re-
sults showed significant linkages for further investigation. It requires more research on the
details of the complex relationship between environmental pollution of water resources
and the food system. Most likely, the data requirements become more severe. However,
since the effect of polluted food and health care expenditures is discussed in various
studies but not specifically for Vietnam, it is recommended to integrate specified health
care expenditures in future research on environmental pollution and food consumption
in Vietnam.
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Appendix A

Table A1. Food items, food groups, and the price of 1000 kcals (1000 VND) caloric intake per value of consumption.

Categories Groups Food Code Food Items Price of 1000 kcal
(1000 VND)

Cereals

Rice
101 Plain rice, including fragrant and

speciality rice 1.10

102 Sticky rice 1.88

Other staples

103 Maize 1.33

104 Cassava 1.98

105 Potato of various kinds 3.73

106 Wheat grains, bread, wheat powder 3.45

107 Flour noodle, instant rice
noodle/porridge 3.69

108 Fresh rice noodle, dried rice noodle 3.02

109 Vermicelli 10.03

Meat Meat

110 Pork 9.79

111 Beef 47.69

112 Buffalo meat 52.71

113 Chicken meat 15.19

114 Duck and other poultry meat 7.10

115 Other types of meat 12.50

116 Processed meat 12.36

Fish Fish and seafood

118 Fresh shrimps, fish 21.80

119 Dried and processed shrimps, fish 9.67

120 Other aquatic products and seafood
(crabs, snails) 22.35

Tofu 122 Tofu 6.01

Fruit and vegetables

Vegetables

124 Beans of various kinds 15.00

125 Fresh peas of various kinds 7.04

126 Morning glory vegetables 9.18

127 Kohlrabi 8.41

128 Cabbage 10.11

129 Tomato 18.25

130 Other vegetables 9.66

Fruits

131 Orange 23.61

132 Banana 4.01

133 Mango 9.99

134 Other fruits 8.08

Dairy products and eggs Dairy

141 Condensed milk, milk powder 19.50

142 Ice cream, yoghurt 18.64

143 Fresh milk 18.55

120 Eggs of poultry 12.16
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Table A1. Cont.

Categories Groups Food Code Food Items Price of 1000 kcal
(1000 VND)

Food away from home Food away from home 153 Outdoor meals and drinks
(breakfast, lunch, dinner) 3.56

Other Other 117 Lard cooking oil 1.51

123 Peanuts, sesame 2.41

135 Fish sauce 14.37

136 Salt

137 MSG

138 Glutamate

139 Sugar, molasses 1.45

140 Confectionery 5.19

144 Alcohol of various kinds 13.98

145 Beer of various kinds 69.75

147 Instant coffee 10.64

148 Coffee powder 9.42

149 Instant tea powder

150 Other dried tea

152 Betel leaves, areca nuts, lime,
betel pieces

154 Other food and drinks 3.39

Notes: Mentioned prices of 1000 kcal are the averages for the whole population. In practice each household faces its own household price,
based on e.g., region, taste, quality of the product, and availability of products. However, these average prices can function as a reference
price. Source: Table is based on data from (Trinh, 2017).

Appendix B

Table A2. Results of province dummy coefficients in addition extended SURE regression results of the province dummies.

Province
Dummies Cereals Fruit and

Vegetables Meat Fish Dairy Products
and Eggs FAFH

Northeast (Ðông Bắc Bộ) where Hà Giang province is the reference

Bắc Giang 0.0221 * −0.0191 *** −0.0004 −0.0094 −0.0090 0.0267
Hà Giang −0.0252 0.0035 0.0173 −0.0122 −0.0191 * −0.0020
Bắc Kạn 0.0117 −0.0206 *** −0.0120 −0.0025 −0.0220 ** 0.0441 *

Cao Bằng −0.0451 *** −0.0113 * −0.0215 * −0.0248 *** −0.0168 0.1065 ***
Lạng Sơn −0.0074 −0.0024 −0.0369 *** −0.0147 * −0.0174 * 0.0579 **
Phú Thọ 0.0412 *** −0.0313 *** −0.0111 0.0025 0.0062 0.0105

Quảng Ninh −0.0081 −0.0069 −0.0596 *** 0.0976 *** −0.0321 *** 0.0231
Thái Nguyên 0.0278 ** −0.0104 ** 0.0198 ** −0.0222 *** −0.0038 0.0005
Tuyên Quang 0.0186 −0.0122 ** 0.0299 *** −0.0128 −0.0151 * −0.0021

Northwest (Tây Bắc Bộ) where pProvince Ðiện Biên is the refence

Hòa Bình 0.0478 *** −0.0144 *** −0.0389 *** −0.0041 −0.0177 * 0.0393 *
Lai Châu 0.0411 ** −0.0126 ** −0.0147 −0.0021 −0.0399 *** 0.0358
Lào Cai 0.0405 *** −0.0041 −0.0296 ** 0.0086 −0.0189 * 0.0258
Sơn La −0.0078 −0.0193 *** 0.0442 *** 0.0172 ** −0.0288 *** 0.0002
Yên Bái −0.0084 −0.0053 −0.0089 0.0129 * −0.0091 0.0332
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Table A2. Cont.

Province
Dummies Cereals Fruit and

Vegetables Meat Fish Dairy Products
and Eggs FAFH

Red River Delta (Ðồng Bằng Sông Hồng) where the municipality of Hà Nội is the reference

Bắc Ninh 0.0069 0.0019 0.0012 −0.0059 0.0113 −0.0034
Hà Nam 0.0528 *** −0.0263 *** −0.0279 *** −0.0152 ** −0.0201 ** 0.0507 **

Hải Dương 0.0176 −0.0163 *** −0.0035 0.0286 *** −0.0262 *** 0.0004
Hải Phòng −0.0014 −0.0072 * −0.0464 *** 0.0570 *** −0.0283 *** 0.0528 ***
Hưng Yên 0.0489 *** −0.0102 ** 0.0006 −0.0145 ** −0.0144 * −0.0052
Nam Ðịnh 0.0610 *** −0.0230 *** −0.0487 *** 0.0223 *** −0.0089 0.0160
Ninh Bình 0.0354 *** −0.0275 *** −0.0342 *** 0.0172 ** −0.0209 *** 0.0499 ***
Thái Bình 0.0309 *** −0.0181 *** −0.0440 *** 0.0359 *** −0.0231 *** 0.0294 *
Vĩnh Phúc −0.0013 −0.0209 *** −0.0290 *** −0.0171 ** 0.0226 *** 0.0577 ***

North Central Coast (Bắc Trung Bộ)

Hà Tĩnh 0.0437 *** −0.0458 *** −0.0288 ** 0.0419 *** −0.0110 0.0073
Nghệ An 0.0410 *** −0.0270 *** −0.0333 *** 0.0338 *** −0.0243 *** 0.0138

Quảng Bình 0.0518 *** −0.0096 −0.0133 0.0044 −0.0332 *** 0.0203
Thanh Hóa 0.0592 *** −0.0290 *** −0.0595 *** 0.0384 *** −0.0168 ** 0.0169

*** p < 0.01, ** p < 0.05, * p < 0.1.
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