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A B S T R A C T

Background: Food environments, where people directly engage with broader food systems, may be an important contributor to the
environmental sustainability of food systems.
Objectives: The primary objectives of this study were to establish a new food environment framework that considers environmental in-
dicators and to assess data availability and gaps using data previously collected as part of a food systems survey in 4 South Asian cities.
Methods: The framework was developed by conducting a structured literature review of previous food environment frameworks and in-
depth interviews with content experts (n ¼ 6). The framework and indicators were then mapped to data collected by consumer and
vendor surveys using the Urban Food Systems Assessment Tool (UFSAT) in Ahmedabad (India), Pune (India), Kathmandu (Nepal), and
Pokhara (Nepal).
Results:We have expanded the sustainability domain within food environments to include consumer travel to food vendors, the presence of
food delivery services, policies related to sustainability, vendor food waste, vendor plastic use, vendor utility usage, vendor recycling and
waste management practices, and food packaging. Mapping the framework to existing data from 4 cities in South Asia, we found variations
in food environment sustainability indicators, particularly regarding consumer transportation to food vendors, the presence of delivery
services, and food waste.
Conclusions: Although the majority of food environment research focuses on the availability and affordability of healthy foods, there is an
urgent need to understand better how aspects of food environments contribute to environmental goals. When mapping the framework to
existing food systems data, we found gaps in data on environmental sustainability in food environments and variation in indicators across
settings.
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Introduction

The latest Intergovernmental Panel on Climate Change
(IPCC) report concluded that total net greenhouse gas (GHG)
emissions have continued to increase across all sectors, from
energy to transport to agriculture, and urban areas account for
an increasing share of emissions [1]. Even with the imple-
mentation of nationally determined contributions, it is likely
Abbreviation: GHG, greenhouse gas.
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that warming will exceed 1.5 �C during the 21st century [1].
Globally, there are large disparities in per capita GHG emis-
sions. For example, in South Asia, GHG per capita is 2.6 tCO2-eq
per person compared with 7.8 tCO2-eq/person in Europe [1].
However, the IPCC report also highlights many synergies be-
tween sustainable development and desirable outcomes for
developing economies, such as reduced pollution and healthier
diets [1].
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With regard to diets, food systems are responsible for about
one-third of GHG emissions [2]. In addition, food systems are a
major source of pollution. Single-use plastic packaging, in
particular, has been identified as a major global pollutant [3–5].
The majority of research on plastics within food systems has
assessed the use of plastics in agriculture [6,7], but with the
rising sale of ultraprocessed foods and take-away foods globally
[8,9], more attention is needed on single-use food packaging and
potential trade-offs with food safety.

To date, most research on the environmental sustainability of
food systems has focused on GHG emissions associated with food
consumption [10,11], and there is a need for a more diverse set
of environmental sustainability indicators, particularly pollu-
tion. Other aspects of food systems, namely the food environ-
ment, have not been explored explicitly from an environmental
sustainability perspective [12]. The majority of research on the
food environment has focused on availability, accessibility, and
affordability of food and its impacts on diet and health [13–15].
However, given that the food environment is where people
directly engage with the broader food system [16–18], it repre-
sents an important point of intervention for influencing the
environmental sustainability of food systems, in particular for
reducing nonagriculture-related GHG emissions and pollution.

Globally, food environments are rapidly changing due to
increased urbanization, economic development, and globaliza-
tion [19]. Moreover, in a report released at the Conference of the
Parties (COP) 26 in 2021, the Food and Agriculture Organization
(FAO) concluded that in many countries, the food supply chain
(off-farm), including the processing, packaging, and transport of
foods, is on course to overtake agriculture (on-farm) as the
largest contributor to food system-related GHG emissions [20].
In fact, it has already overtaken agriculture as the largest
contributor in China, the United States, and the European Union
[20]. This has important implications for climate change miti-
gation strategies and supports an urgent need for a framework to
evaluate the environmental sustainability of food environments.
In addition, measuring the sustainability of food environments
will allow us to identify potential trade-offs within the sustain-
ability domain and with other outcomes such as nutrition and
health.

The primary objectives of this study were as follows: 1) to
establish a new framework that describes environmental sus-
tainability considerations of food environments with a focus on
nonagriculture-related GHG emissions and pollution and 2) to
map this framework to an existing food systems survey to
describe the availability of relevant indicators within an existing
tool and the variability of these indicators across different food
environments in 4 South Asian cities: Ahmedabad (India), Pune
(India), Kathmandu (Nepal), and Pokhara (Nepal).

Methods

Framework development
We conducted a structured review to assess the inclusion of

sustainability in existing food environment frameworks and
identify subdomains and indicators associated with sustainabil-
ity within food environments. The search was conducted in
February 2023 using Scopus with the search terms “food envi-
ronment” AND “framework.” Results of the literature search
were imported into Covidence software (Veritas Health
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Innovation, Melbourne, Australia) for title/abstract screening by
1 author (ALB). Peer-reviewed articles were included if they met
the following criteria: 1) included an original food environment
framework, 2) included an original definition of food environ-
ments, and/or 3) mentioned sustainability as a component of the
food environment. Articles included in this review were written
in English. For eligible articles, full texts were reviewed by 1
author (ALB), and the frameworks and definitions of food envi-
ronments were extracted by the same author.

Based on the findings of the structured review, a preliminary
draft of the framework was developed with the goal of expanding
a framework for food environments to include specific sub-
domains and indicators of environmental sustainability. Frame-
works extracted from the structured review were used to identify
subdomains and indicators in the first iteration of our expanded
food environment framework. We mapped subdomains of the
food environment to an adapted socioecological framework to
describe components of environmental sustainability at varying
levels within the food environment. Socioecological frameworks
have been used previously in food systems, nutrition, and public
health literature as a model to describe interconnections of a
multilevel system [17,21,22]. Within food environments, we
conceptualized 4 interconnected levels: the community, the
vendor environment, the food vendor, and the product. Policies
were represented by an arrow spanning all levels of the food
environment because they can exist at each level within the food
environment and influence different levels.

We then conducted in-depth interviews with 6 food and
sustainability experts to collect their feedback on the frame-
work. Experts were initially identified by authorship on a
previous food environment framework (identified through the
structured review) and known experts in food systems sus-
tainability. All identified experts were invited via e-mail to
participate in a virtual interview. Interviews were conducted
between June 2023 and September 2023. Experts who were
interviewed were asked to suggest any additional experts to
interview. Each interview lasted ~60 min. We asked in-
terviewees for feedback on a draft of the framework, including
questions regarding the novelty of the framework, addition to
the literature, and comprehensiveness of the domains
included. We specifically asked interviewees if there were any
other aspects related to the environmental sustainability of the
food environment that were missing from the current draft of
the framework (Supplemental Material). All interviewees
provided informed consent, and the protocol for expert in-
terviews was reviewed and approved by the Human Ethics
Research Committee at the University of Edinburgh (protocol
# HERC_2023_058). The framework was iteratively updated
based on feedback after each interview, and interviewees were
presented with a revised version of the framework. If feedback
conflicted with other interviews, 3 authors (AB, AG, LJ) dis-
cussed and made the final decision.

After finalizing the framework, we identified potential in-
dicators for each subdomain of environmental sustainability in
food environments. We prioritized indicators already included in
food systems analysis tools, such as the Urban Food Systems
Assessments for Nutrition (UFSAN) tool [23], described in detail
further. Beyond this, several additional indicators were identi-
fied that could be collected in future market surveys or inte-
grated as sustainability modules in existing tools.
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Mapping framework to existing food systems data
We mapped indicators proposed in the new framework to

previously collected food systems data in South Asia using the
UFSAN tool to identify potential gaps in existing food environ-
ment data collection tools. The UFSAN tool aims to measure the
performance of food systems in providing healthy diets to con-
stituents at the city-level [23]. Details of the tool have been
published previously [23]. The tool was designed to help policy-
makers, development practitioners, and researchers better un-
derstand local food systems and enable data-informed decision
making. The tool comprises multiple surveys for different actors in
the food system, including consumers, food vendors, wholesalers,
traders, and farmers. The tool prioritizes using existing method-
ologies to measure diets, food environments, and food supply
chains. For this analysis, which focused on the food environment,
we selected data from the UFSAN consumer and food vendor
surveys that aligned with indicators proposed in our expanded
framework on food environments. The UFSAN consumer surveys
used in this study collected data on demographic characteristics,
food purchasing behavior, and diet composition. The UFSAN food
vendor surveys collected data on how food was transported to the
vendor, types of food products sold, food storage, and food waste.

The UFSAN tool was piloted in 4 South Asian cities: Ahmeda-
bad, India [24]; Pune, India [25]; Kathmandu, Nepal [26]; and
Pokhara, Nepal [27]. Details on data collection for each city have
been published previously in city-level reports [24–27]. Briefly,
consumer and food vendor surveys were conducted between
October and December 2020 in 2 wards (smallest administrative
level) in each city. Data were collected in the local language by
trained interviewers, and all surveys were pilot-tested before
implementation. In Kathmandu and Pune, consumer surveys were
conducted via telephone owing to COVID-19 restrictions. In
Ahmedabad and Pokhara, consumer surveys were conducted
face-to-face while adhering to COVID-19 safety protocols in each
city. Consumers were recruited via snowball sampling and lists of
phone numbers and addresses collected from previous nutrition
surveys [28]. The list of food vendors within each ward was
initially derived from consumer surveys, with additional food
vendors added by convenience during a walking survey of the
wards. Informed consent was collected for both consumer and
vendor surveys. The consumer and vendor surveys were approved
by the Public Health Foundation of India Institutional Ethics
Committee (TRC-IEC 444/20) and the Nepal Health Research
Council (NHRC) (ERB Protocol Registration No. 713/2020 P).

For this analysis, we used data on food procurement practices
(i.e., how often participants shopped at specific food vendors,
distance to specific food vendors, and mode of transportation to
food vendors) collected from consumer surveys. Food vendors
included in the consumer survey were permanent wet markets,
government ration shops, specialty stores (bakery and dairy),
street vendors, mobile door-to-door vendors, grocery stores, and
online food stores. In addition, we used data collected from food
vendor surveys on food storage and food waste practices for 26
food items. In our analyses, we grouped items into 6 food groups:
dairy, fruit and vegetables, meat and eggs, snacks, and staples.
Meat and eggs were combined owing to a low number of vendors
reporting to sell these products.

Descriptive statistics were used to describe variations in sus-
tainability indicators across food groups and cities. All analyses
were performed in R 4.2 [29].
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Results

Development of framework and indicators
A total of 300 articles were identified in the Scopus search, of

which 205 were excluded after the title/abstract screening. An
additional 85 articles were excluded during the full-text review
because they used or referred to a previously published food
environment definition or framework rather than presenting an
original or updated food environment definition or framework.
During the full-text review stage, we identified an additional 7
articles to be included from the citations of other articles
screened in the review process. We reviewed frameworks and
food environment definitions from the remaining 17 articles
[16–18,30–43]. Only 2 articles explicitly mentioned environ-
mental sustainability as a component of the food environment
[17,30]. In their framework, Downs et al. [17] defined sustain-
ability as “the environmental and social impact associated with
the food item.” Mikkelsen et al. [30] referred to sustainable
foodscapes, which encompass the way “food is produced, pur-
chased or obtained, prepared, and consumed,” but did not define
indicators of sustainability within foodscapes (a term related to
food environments) [30]. No definition included indicators of
sustainability beyond product properties.

We proposed 12 additional subdomains within food environ-
ments: consumer travel to food vendors, the presence of food de-
livery services, policies related to sustainability, vendor foodwaste,
vendor plastic use, vendor utility usage, vendor recycling and
waste management practices, and food packaging (Figure 1). The
majority of these subdomains have not been included in previous
food environment frameworks, according to the results of the
structured review. Subdomains related to environmental sustain-
ability focused on GHG emissions and pollution as those were
considered the most relevant to the food environment by experts
interviewed. Other subdomains within the food environment
framework were included based on data extracted from the liter-
ature structured review (Supplemental Table 1) and feedback from
qualitative expert interviews. In addition, we proposed 22 food
environment indicators related to GHG emissions or pollution
(Table 1). Of these 22 indicators, 8were present in theUFSAN tool,
covering the subdomains of consumer travel, food service delivery,
food waste, cold storage, and the environmental impact of food
available.

Mapping framework to existing food systems data
Although detailed city-level results of the consumer and food

vendor surveys are published elsewhere, in this study, we
highlight consumer and vendor characteristics that are related to
the environmental sustainability of food environments. A total of
1797 consumers were surveyed across the 4 cities: Ahmedabad
(n¼ 446), Pune (n¼ 451), Kathmandu (n¼ 450), and Pokhara (n
¼ 450) (Supplemental Table 2). In Kathmandu and Pokhara, 55
food vendors were surveyed in each city. In Ahmedabad and
Pune, 54 and 66 food vendors were surveyed, respectively
(Supplemental Table 3). Across all cities, consumers reported a
high reliance on wet markets and small local shops for weekly
shopping (Supplemental Table 4). For dairy, there was also a
high reliance on specialty stores in all cities (Supplemental
Table 5).

For nearly all food vendors across the 4 cities, most consumers
reported walking as their primary form of transportation. The



FIGURE 1. Conceptual framework of environmental sustainability in food environments. Subdomains highlighted in bold represent
environmental components of the food environment that have not been included in previous food environment frameworks. GHG, greenhouse gas.

TABLE 1
List of indicators to measure environmental sustainability of food environments

Category Component Potential indicators Greenhouse gas
emissions

Environmental
degradation

Available in
UFSAN tool

Community
properties

Consumer travel
to food vendors

What form of transportation does the
consumer use to travel to food vendors?

x x Yes

Food delivery
services

Presence of food delivery service x Yes
Type of food delivery service transportation x x No

Policies Is there a policy or incentive for food
businesses to reduce truck movements in the
city?

x x No

Is there a policy or incentive for food
businesses to invest in equipment or
technologies to avoid pollution?

x No

Is there a policy or plan to reduce food loss
and waste in the urban food system?

x No

Is there a policy or plan to promote recycling
of organic waste and food packaging
materials and use of food byproducts?

x x No

Vendor
properties

Food waste How much food does the vendor not sell? x Yes
What does the vendor do with food not sold? x Yes
What strategies is the vendor implementing
to reduce food waste?

x Yes

Plastic use
(bags and cutlery)

Does food vendor provide plastic bags? Does
food vendor provide plastic cutlery?

x No

Utility usage Amount of electricity and water used by
vendor

x x No

Does the vendor have electricity? x No
Does the vendor have air-conditioning? x No

Cold storage Where does the vendor store most food? Yes
Does the vendor store food items in
refrigerators?

x Yes

Waste management Does the vendor have a recycling system in
place?

x No

Does the vendor have a waste management
system in place?

x No

Product
properties

Environmental impact Availability of animal-source foods x Yes
Food packaging Type of packaging used for food available:

plastic, paper, none, other
x No

Food labeling Does product have an ecolabel? If yes, what
type?

x x No

A.L. Bellows et al. Current Developments in Nutrition 8 (2024) 103791
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TABLE 2
Percentage of surveyed consumers reporting regular use of �1 non-
walking or nonbicycle ravel mode in each city

Transport Ahmedabad Pune Kathmandu Pokhara

Car 0.4 (2) 15.5 (70) 0.4 (2) 0.4 (2)
Motorbike 63.7 (284) 59.2 (267) 9.8 (44) 9.8 (44)
Public transport 7.2 (32) 6.0 (27) 2.4 (11) 8.2 (37)

All values are reported as % (n).

TABLE 3
Percentage of surveyed food vendors reporting selling each food group

Food group Ahmedabad
(n ¼ 54)

Pune (n ¼
66)

Kathmandu
(n ¼ 55)

Pokhara
(n ¼ 55)

Dairy 13.0 (7) 24.2 (16) 38.2 (21) 30.9
(17)

Eggs 5.5 (3) 7.5 (5) 41.8 (23) 49.1
(27)

Fruit and
vegetables

23.6 (13) 18.2 (12) 30.9 (17) 38.2
(21)

Meat 3.6 (2) 1.5 (1) 3.6 (2) 9.1 (5)
Snacks 36.4 (20) 66.7 (44) 78.2 (43) 78.2

(43)
Staples 16.7 (9) 27.3 (18) 47.3 (26) 50.9

(28)

All values are reported as % (n). Data are from a convenience sample of
food vendors and should not be considered representative of each city.
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only exceptions were government ration shops and permanent
wet markets in Ahmedabad and Pune, where motorbike was the
main form of transportation reported (Supplemental Table 6).
The percentage of consumers reporting using cars, motorbikes,
or public transport was very low in Kathmandu and Pokhara,
with <10% reporting using motorbikes and <1% reporting
driving a personal vehicle. In contrast, in both Ahmedabad and
Pune, the majority of participants, 64% and 59%, respectively,
reported motorbike was their main form of transport to
�1vendor. The use of personal vehicles was highest in Pune,
where 15% of consumers reported car use as the main form of
transportation to �1 type of vendor (Table 2). This contrast be-
tween the cities in Nepal and India could be related to the dis-
tance to the nearest vendor; vendors tended to be further away in
India (Figure 2).

Food delivery services were available in all 4 cities, with the
majority of food delivery services being mobile door-to-door
vendors (Supplemental Table 4). Nearly two-thirds of con-
sumers in Ahmedabad, Kathmandu, and Pokhara reported pur-
chasing food from a mobile door-to-door vendor in the last
month, compared with 20% in Pune (Supplemental Table 7).
About a third of surveyed consumers in India reported using
online food vendors to purchase food in the last month, in
contrast to only 3% of surveyed consumers in Nepal (Supple-
mental Table 7). In all cities, few consumers reported using on-
line food vendors to procure food more than once per week
FIGURE 2. Distance to the nearest food vendor by food vendor type fo
Ahmedabad (n ¼ 446), Pune (n ¼ 451), Kathmandu (n ¼ 450), and Pokh
shopped at each food vendor type. If yes, the participants were then aske
number of respondents for each vendor type by city is reported in Supple
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(Supplemental Table 4). No information was available within the
UFSAN data set on the mode of transport for the delivery of food
from mobile and online vendors.

Across all 4 cities, few vendors surveyed reported selling
meat, which typically is associated with the highest GHG emis-
sions. For other animal-source foods, a slightly higher proportion
of vendors surveyed in Kathmandu and Pokhara reported selling
dairy, and a significantly higher proportion of surveyed vendors
reported selling eggs than in Ahmedabad and Pune (Table 3).

Cold storage was available for vendors surveyed across all 4
cities. The majority of vendors reported cold storage usage for
dairy products (Figure 3). For fruits, vegetables, snacks, and
staple grains, vendors reported storing most food in ventilated
storage units (units that contain air vents or openings to prevent
food waste) or at the retail site. In Kathmandu, 50% of vendors
selling fruits and vegetables reported using cold storage to store
�1 fruit or vegetable.

Most vendors reported that <25% of food products available
in their establishments were not sold (Figure 4). In Kathmandu,
r consumer respondents. Total number of respondents for each city:
ara (n ¼ 450). In consumer surveys, participants were asked if they
d to report the approximate distance to the nearest vendor. The total
mental Table 7.



FIGURE 3. Food vendors’ reported storage method by food group. Total number of food vendors in each city: Ahmedabad (n ¼ 54), Pune (n ¼
66), Kathmandu (n ¼ 55), and Pokhara (n ¼ 55). For each food item stored, food vendors reported any food storage method used. Food vendors
were able to select >1 strategy. Therefore, values may exceed 100%.
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>25% of vendors reported high food waste (51%–70% of prod-
ucts not sold) for dairy, eggs, fruits and vegetables, snacks, and
staple products. For food not sold, vendors reported multiple
methods for food disposal. The majority of vendors reported that
most food across food groups was either disposed of in the trash
or taken home by employees. Meat and eggs were more likely to
be disposed of in the trash, while staples were more likely to be
taken home by employees or sent to fodder (Figure 5). Variations
FIGURE 4. Food vendors’ reported proportion of food not sold by foo
54), Pune (n ¼ 66), Kathmandu (n ¼ 55), and Pokhara (n ¼ 55). For each
selecting 1 of 3 categories: <25%, 25%–50%, and 51%–70%. Because item
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in strategies for dealing with food not sold were seen across
cities, with vendors in Nepal slightly more likely to encourage
food not sold to be taken home by employees. Vendors also re-
ported a variety of strategies to prevent food waste (Figure 6).
Improved storage was highlighted as a key initiative across all
cities for dairy, eggs, and meat. For fruits and vegetables, buying
good quality food was another strategy that all vendors across
the 4 cities reported. For staples, reducing damage through
d group. Total number of food vendors in each city: Ahmedabad (n ¼
food item sold, vendors reported any percentage of food not sold by
s were aggregated to food group level, values may exceed 100%.



FIGURE 5. What happens to leftover food at food vendors by food group? Total number of food vendors surveyed in each city: Ahmedabad (n
¼ 54), Pune (n ¼ 66), Kathmandu (n ¼ 55), and Pokhara (n ¼ 55). For each food item sold, vendors reported what happens to items not sold.
Retailers were able to select >1 strategy. Therefore, values may exceed 100%. There is no data reported for vendors selling meat or eggs in
Ahmedabad because all vendors responded that there were no leftover food items.

FIGURE 6. Strategies reported by food vendors to reduce food loss. Total number of food vendors in each city: Ahmedabad (n ¼ 54), Pune (n
¼ 66), Kathmandu (n ¼ 55), and Pokhara (n ¼ 55). For each food item sold, vendors reported any food loss prevention strategies used. Retailers
were able to select >1 strategy. Therefore, values may exceed 100%.
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protective activities such as cleaning and disinfecting storage
containers was a major strategy highlighted by vendors across all
4 cities.
Discussion

This study aimed to advance food systems research by pro-
posing a set of indicators to measure the environmental sus-
tainability of food environments and identify gaps in current
food environment tools using existing food environment data
from 4 South Asian cities. Identifying indicators that can be
incorporated into existing food environment surveys (such as
7

consumer and market-based surveys) will allow for the ready
adoption of these measures into food environment analyses. In
addition, once data has been collected, these indicators can be
linked to local life-cycle assessment and pollution estimates to
quantify the environmental impact of food environments.

Before this study, only 2 other articles incorporated sustain-
ability into their definitions of food environments [17,30].
Downs et al. [17] proposed 6 domains within the food environ-
ment: availability, affordability, promotion, convenience, qual-
ity, and sustainability. Within the sustainability domain, both
studies focused on the sustainability of the food items availa-
ble—for example, the GHG emissions embedded in the produc-
tion of those food items. Through a structured review of previous
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food environment frameworks and definitions and through
expert interviews, we propose a set of considerations that expand
our understanding of the environmental sustainability domain of
food environments: consumer travel to food vendors, the pres-
ence of food delivery services, policies related to sustainability,
vendor food waste, vendor plastic use, vendor utility usage,
vendor recycling and waste management practices, and food
packaging. Current food environment assessments can be
expanded to collect data on these additional elements of food
environment sustainability.

Mapping the framework to existing data from 4 cities in South
Asia, we found that the majority of indicators for measuring
environmental sustainability were not available. This highlights
an urgent need for tools to better incorporate aspects of envi-
ronmental sustainability into their food environment assess-
ments. For environmental indicators that were present in the
existing data, we found variations in food environment sustain-
ability, particularly regarding consumer transportation to food
vendors. Pune had the highest car usage, with 15% of re-
spondents reporting traveling by car to purchase food and the
greatest portion of vendors >1 km from consumer homes. When
comparing these numbers with those of other urban areas, con-
sumer travel within these urban food environments in South Asia
is more environmentally sustainable and in line with some rec-
ommendations for a 15-min neighborhood—neighborhoods in
which people can access their daily needs within a 15-min walk
or cycle [44,45]. For example, a study in Seattle found that 88%
of respondents used a motorized vehicle to travel to the grocery
store and that the distance to their primary grocery store was, on
average, 4 km from their home [46]. In this study, both car
ownership and distance to primary grocery store were main
predictors for driving to the grocery store. Although Seattle may
not be directly comparable with cities such as Pune and Kath-
mandu, it is important to highlight that the proximity to food
vendors within these contexts may be promoting more sustain-
able food procurement methods compared with that in some
cities in North America and Europe.

In addition, the availability and use of online food vendors are
continuing to grow both in South Asia and globally. The presence
of online food vendors has important implications for both sus-
tainability and nutrition outcomes and needs to be better
incorporated into food environment assessments [47]. In
particular, we need more information on typical modes of
transportation online and mobile vendors use to deliver food to
understand potential impacts on sustainability and the types of
food typically delivered using these services.

At the food vendor level, the majority of food vendors re-
ported selling 75% or more of their products. Food vendors
selling more perishable food items such as dairy, meat, eggs,
fruits, and vegetables did not appear to report higher amounts of
food waste compared to food vendors selling snacks and staples.
This could be because most food loss/waste in these contexts
likely occurs at the farm level or during storage and handling
before reaching the food vendor. A report estimating food loss
and waste across the food system estimated that nearly 70% of
food loss occurred at the production (30%) or handling and
storage (37%) stages of the food supply chain in South and
Southeast Asia [48]. Although consumer underreporting of
household food waste has been noted in high-income country
contexts (the United States and United Kingdom) [49,50], the
8

extent of potential underreporting among vendors in this context
is not known, particularly because the majority of food waste
data for food services and retail are from studies conducted in the
United States and Western Europe [51]. It should also be noted
that South and Southeast Asia accounted for 17% of food lost or
wasted globally, while North America and Oceania accounted for
42% of food lost or wasted [48]. In addition, for food items that
are considered more valuable, there may be increased efforts to
reduce waste. For example, globally, meat and dairy comprise a
relatively low portion of losses worldwide despite being highly
perishable [48]. Few food vendors reported seeking improved
transport methods or packaging as food waste prevention stra-
tegies. This may be because these strategies are beyond the food
vendor’s control, and decision-makers should target more up-
stream food system stakeholders.

The availability of animal-source foods, with the exception of
dairy, was low in vendors surveyed for all 4 South Asian cities.
This may reflect the dietary patterns of consumers in these cities.
For example, one of the wards in Ahmedabad city has a high
prevalence of Jain population who abstain from meat and eggs.
In Ahmedabad, 61.5% of consumers surveyed reported 4-6 in-
dividuals in their household followed a strictly vegetarian diet
(no consumption of meat or eggs) [24].

Potential trade-offs exist within the sustainability domain. For
example, cold chains may increase GHG emissions and pollution
because of high electricity demand, fossil fuel usage, and
refrigerant usage, but they can also reduce losses and increase
food safety [52]. Globally, cold chains are responsible for 4% of
GHG emissions [53], and refrigerant management has been
identified as a key climate initiative by Project Drawdown [54].
On the contrary, ~12% of total food production is lost owing to
inadequate refrigeration [53] and with global warming, this es-
timate is likely to increase. In addition, researchers have iden-
tified improving and increasing access to cold chain storage as a
key policy to promote healthier and safer diets [55]. Foods with
high nutrient density, such as fruits, vegetables, and
animal-source foods, are typically more perishable than staples
and packaged snack foods [56]. Therefore, when assessing the
sustainability of food environments, a food group approach
should be considered to avoid rewarding food vendors with
minimal food waste and limited cold storage but only selling
highly processed packaged foods. Collecting data on the cold
chain storage type would be useful for identifying food vendors
and food environments that promote innovative cold storage
solutions.

Another trade-off within the sustainability domain exists be-
tween packaging and food waste. Packaging can help improve
food safety and food waste, especially packaging innovations
that are optimized for waste reduction; however, some pack-
aging—plastic, in particular—contributes to both GHG emissions
and pollution and can have food safety concerns related to
microplastics [5]. Plastic production requires the extraction of
natural resources, resulting in GHG emissions, and globally, it is
estimated that 42% of plastic packaging will end up in unregu-
lated dumpsites, burned, or trash, rather than being recycled
[57]. To reduce plastic waste, many countries, including India
[58], have implemented plastic bag bans, but the use of plastic in
most food systems extends far beyond the use of plastic bags.
Plastic food packaging has been associated with increased
exposure to bisphenols and phthalates, both known endocrine
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disruptors [59–61]. On the contrary, there has been increased
interest in biodegradable packaging as a solution to reduce
plastic in the food system, but more research is needed to iden-
tify potential trade-offs between food waste, pollution, and food
safety [62]. Identifying the type of packaging used for certain
food items and differences in packaging types across food envi-
ronments can help illuminate where policies to promote inno-
vative packaging solutions would be most effective.

Moreover, packaging allows for the presence of nutrition and
ecolabels, which may help consumers make healthier and more
sustainable choices. For example, policies to promote front-of-
pack warning signs on foods have been adopted in a few coun-
tries to combat the rising prevalences of overweight and obesity
[63].More recently, food companies havebegun adding ecolabels
to products, and a systematic review has shown that these labels
can promote the purchasing of more sustainable products [64].

This analysis leveraged multiple methods—literature search,
expert interviews, and previously collected food systems data-
—to develop a novel framework and identify future research
needs to advance research on the environmental sustainability of
food environments. Limitations of this analysis include the reli-
ance on secondary data that were collected before the develop-
ment of the framework, which resulted in missing data for many
environmental sustainability subdomains. Further development
of a market-based survey is necessary to collect all aspects of
environmental sustainability. In addition, for the UFSAN data,
we relied on pilot data for each city and both consumer and food
vendor surveys relied on a convenience sample. Consumer data
for the UFSAN pilot were collected using snowball sampling, and
all data were collected during the COVID-19 pandemic, which
may have impacted food consumed by residents, modes of
transportation for consumers, and food available at vendors.
Therefore, the results are not generalizable to each city. The
purpose of the UFSAN data was to highlight the availability of
data related to food environment sustainability and show how
environmental sustainability subdomains and indicators may
vary within different food environments.

In conclusion, food systems need to undergo a rapid trans-
formation to provide sustainable and healthy diets. Although the
majority of food environment research focuses on the availabil-
ity and affordability of healthy foods, we argue that there is also
an urgent need to understand better how aspects of food envi-
ronments contribute to our environmental goals. Sustainability
research within food systems has primarily focused on which
foods people are choosing and the embedded resource use and
impacts of those foods. This work helps to broaden the points of
intervention for sustainable food systems to also include food
environments.
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