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Abstract

Food consumption acts as an intermediary that connects ecosystems with human systems in
grassland areas. In this study, we used fuzzy cognitive mapping to quantitatively assess the factors
that affect food consumption in the Xilin Gol Grassland, China, from the perspective of local rural
households. We found that household perceptions of the factors that affect food consumption
differed among parts of the grassland transects in both the number and the strength of these
factors. Livestock numbers, household income, regional economic development, consumption
habits, age, and infrastructure were the most important factors mentioned by the farmers and
herders, but herders were more sensitive to ecological and economic factors, whereas farmers
focused more on personal and social factors. The differences in the main factors between study
areas revealed the key economic, social, and ecological dimensions. Our results provide a reference
for policymakers to develop improved policies to encourage regional sustainable development.

1. Introduction

Food consumption is essential for human survival,
but perceptions of this consumption vary among
regions and cultural backgrounds. In grassland areas,
food comes directly from the grassland areas and
the food supply is limited [1, 2]. Food consump-
tion depends on the ecosystem’s provision of services,
and is determined by the relationship between eco-
system services and human activities [3, 4]. However,
in grassland areas, the ecosystem is often very vulner-
able and the food consumed by local residents comes
primarily from that ecosystem, which creates pressure
on the local ecosystem [5].

Moreover, socioeconomic development increas-
ingly affects consumption patterns, and often leads to
increasing contradictions between human activities
and local ecosystem needs, and these contradictions
create challenges to regional development, especially
in.grassland-areas [6;7]=In the sustainable develop-
ment goals released by the United Nations [8], food

© 2020 The Author(s).Published by IOP Publishing Ltd

consumption is linked to goal 2 (eliminating hunger)
and goal 12 (responsible consumption and produc-
tion). Consumption therefore plays an important role
in sustainable development issues around the world
[9]. Despite the importance of these goals, citizens
of some developing countries have developed pred-
atory ways of exploiting and using environmental
resources during urbanization and socioeconomic
development, and this has led to sustainability issues
during regional development [10].

For example, northern China’s Xilin Gol Grass-
land, one of the country’s largest grassland areas, is
located in the agro-pastoral transitional zone. Due
to the grassland’s sensitive and fragile environment
and intensive human activities, this area faces serious
challenges to sustainability [11, 12]. The local govern-
ment and China’s national government have invested
more than 2 x 102 RMB for regional ecological pro-
jects [13]. Policies such as the Grassland Ecological
Compensation Policy and the Beijing-Tianjin Sand-
storm Source Project that have been implemented in
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this area have greatly affected the lives and production
of local residents [14, 15]. This, in turn has affected
the daily food consumption of residents. For example,
because of the strict ecological policy, local herders
reduced their family livestock number and increased
the percentage of cows; this affected the family meat
supply, leading families to eat more beef than mutton,
in contrast with the previous dominance of mutton
[9]. Moreover, residents of this area come from many
national backgrounds, including Han Chinese, Mon-
golian, Hui, and Man [13], and each of these groups
has different cultural preferences. The grassland’s cul-
tivated land is mainly distributed near its southern
border, and the limited food supply provided by this
land cannot meet all regional needs [16]. Thus, the
issues related to food consumption in this area are
complex, and this suggests equally complex house-
hold perceptions of the factors that affect their food
consumption.

Several researchers have studied food consump-
tion and the factors that affect consumption in rural
regions [17-19]. However, there have been few stud-
ies in pastoral regions and agro-pastoral transitional
zones [9], especially in Inner Mongolian of China.
Studies of the factors that affect food consumption
have mainly focused on economic, social, and eco-
logical factors. The economic factors include house-
hold income, the level of economic development
(e.g. GDP), economic differences between urban and
rural areas, prices of food and other necessities, and
access to markets [20-24]. The social factors include
problems related to an aging population, urbaniza-
tion, cultural diversity, and cultural practices such
as festivals that require specific foods [25-28]. The
ecological factors include the time of year, land-use
diversity, climate, and many environmental factors
[9, 26, 29]. The main food consumption impact
factors in different areas are different even the differ-
ent transitional zones. The agro-pastoral transitional
zone in China is from northeast China to Tibet.
Research showed that in Northwest China household
food self-supply and household income affected fam-
ily food consumption pattern [30]; in Tibet house-
hold food consumption was affected by policy and
transportation accessibility [31, 32]; in Inner Mon-
golia household food consumption was relative to
culture, family self-supply and income [9, 26], etc.
Statistical data, questionnaire responses, and remote
sensing data are the most commonly used data in
studies of the factors that affect food consumption
[17, 33-35]. Several study about stakeholder percep-
tion conducted before and revealed people’s concern-
ing indicator for fresh food production [36], meat
industry [37], food risk [38] and so on.Nevertheless,
there have been insufficient studies of stakeholder
perceptions of these factors, particularly in the Xilin
Gol,Grassland,;where we, found rare qualitative and
quantitative analyses of these factors.

W Yang and L Zhen

Fuzzy cognitive mapping is a semi-quantitative
modeling tool that provides a framework for compar-
ing knowledge obtained from non-technical experts
[39, 40]. It can help to reveal how social groups such
as farmers and herders think about an issue and allow
researchers to build a network model of a situation
or system [41]. It has been successfully used in the
fields of geography, social science, ecology, and eco-
nomics [42—44]. Such studies are easy to conduct and
effective at revealing complex and subjective beliefs
[45-47]. They are particularly useful during prelim-
inary research to identify factors and relationships
that should be examined in more depth in future
research.

In this study, we used primary data obtained from
interviews with residents of the Xilin Gol Grassland
to support fuzzy cognitive mapping, and combined
this data with regional land-use and socioeconomic
data to identify the factors that affect food consump-
tion in this region. Our objectives were to use the per-
ceptions of local households to explore these factors,
identify the key impact factors, and reveal differences
in these factors among residents of the grassland. We
focused on these factors to help us understand the
coupling relationships between the region’s human
systems and its ecosystems, and to provide empir-
ical support for future regional development and the
associated policy development.

2. Methods

2.1. Study area
The Xilingol League lies in the central part of China’s
Inner Mongolia Autonomous Region. It belongs to
the Mongolian Plateau, with an elevation that ranges
from 800 to 1800 m asl. Annual precipitation totals
288 mm, and annual pan evaporation ranges between
1700 and 2600 mm. The annual average temperature
is 3.60° C, with mean monthly temperatures ranging
from —20°C in January to 21°C in July. The league
comprises two county-level cities, one county, nine
banners, and two districts. The total registered pop-
ulation was 1.036x 10° at the end of 2016, of which
rural people accounted for 35.5%. The population’s
ancestry is 64.2% Han Chinese and 31.3% Mongo-
lian. The Xilingol League covers 200 000 km?, includ-
ing 180 000 km? of grassland and 5860 km? of forest,
which amount to 90.0% and 2.9% of the total area,
respectively. Cows and sheep are the main livestock
raised in this region, but camels and horses are also
raised because of their high economic value, espe-
cially in Taibus Banner. In 2016, the per capita dispos-
able income of residents was 25 554 yuan per year, of
which the per capita disposable income of urban res-
idents was 32 903 yuan per year, versus 13 188 yuan
per year for rural residents [48].

Most of the Xilin Gol Grassland is located within
the Xilingol League. The grassland cover can be
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Figure 1. Location of the study area and study sites. Data source: Global Positioning System (GPS) locations of the households
that we interviewed in July and August 2019 and land cover data from the Chinese Academy of Sciences Center for Resource and
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divided into typical grassland, desert grassland, cul-
tivated land, and sparse grassland (figure 1). The
carrying capacity of these grassland types gradually
decreases from south to north.

In this study, we selected three typical areas of the
Xilin Gol Grassland for investigation: the West Ujim-
qin Banner, which is a typical pastoral grassland area;
the Zhenglan Banner, which is a pastoral area of the
Hunshandake Sandy Land; and the Taibus Banner,
which is an agro-pastoral transitional zone (figure 1).
The three areas represent a north to south transect
through changing environments and ecosystems. The
West Ujimqin Banner is in the eastern part of the
Xilingol League, whereas the Zhenglan Banner and
Taibus Banner are located in the southern part of the
league. All three banners are in an arid to semi-arid
transitional zone, with annual precipitation around
400 mm, and the annual pan evaporation is very high
(>1800 mm). The ecosystems in these study areas are
very vulnerable to degradation (table 1).

2.2. Data collection

2.2.1. Interviews and data collection

We interviewed representative local residents living
in the three rural areas of the Xilingol League from
20 July to 5 August 2019. Details of our sampling
section. Data were gener-
nitive mapping during face

to face interviews. The interviewees were one person
per family who understood the family’s food con-
sumption and other key details such as their liveli-
hood, education, and so on. Food consumption types
of rural people in the Xilin Gol Grassland mainly
included grains, vegetables, fruits, meat, eggs, milk
and non-staple food [9]. In this study, we did not
use a standardized questionnaire to guide the inter-
views, since our goal was to discover the factors
that interviewees considered important rather than
their responses to preselected factors that we con-
sidered important. Instead, we asked a simple ques-
tion: ‘What factors affect your food consumption?’
We showed an example of a fuzzy cognitive map
to the interviewees before we started the interview.
We then asked them to define the factors that they
believed would affect their food consumption and
to draw the relationships among these factors on
a piece of paper. They assigned links between the
factors and rated the strength of each link from
—5 (i.e. increasing one factor strongly decreased
the other factor) to +5 (increasing or decreasing
one factor produced the same change in the other
factor). The direction of each link was shown with
an arrow. The larger the absolute value of the score,
the stronger the impact. The networks were drawn
by the interviewers in response to the instructions
of the interviewees. Appendix A provides a typical
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Table 1. Basic information of the study areas.
Annual aver-  Annual pre- Main food
Dominant age temperat-  cipitation Pan evapora-  consumption  Land Area
Study area vegetation ure (°C) (mm) tion (mm) categories (km?)
West Ujimgin Typical grass- 1.2 350 1800 meat, veget- 22400
land ables, and
fruits
Zhenglan Desert grass- 1.2 365 1926 meat, grains, 10200
land vegetables,
and fruits
Taibus Grassland 2.4 400 1900 grains, veget- 3415
and cropland ables and
fruits

Data sources: West Ujimqin (2018); Zhenglan Banner (2018); Taibus Banner (2018)." from our previous study [9, 14].

example of a map. During the interview, interviewees
could add or change the factors or their weights.
The final version of each network was approved by
the interviewee. We obtained personal details from
the interviewees and promised that this informa-
tion would remain confidential and would only be
used for our scientific research. The personal details
included the interviewee’s name, household location,
gender, vocation (farmer, herder, or both), age, edu-
cation (number of years of school), family size, ran-
geland and cropland area managed by the house-
hold, ancestry, household income, and the interview
date.

The interviews were undertaken in Mandarin
Chinese or Mongolian, depending on the language
preferences of the interviewees. Local people such as
officials working at the local grassland observation
stations, the head of the village, or young people who
were college students acted as translators when this
was necessary to ensure clear communication with
each interviewee. About 50% of interviewees needed
assistance from the translator. We conducted a total
of 67 interviews.

The interviewees were chosen by stratified ran-
dom sampling. First, we defined the scope of the sur-
vey based on the typical land use categories in each
of the three study areas. Second, we identified the
study sites using stratified random sampling based
on whether the site was dominated by herder or
farming households. We interviewed households in 5
towns or sumu (sumu is the town-level administrat-
ive division used in the Inner Mongolia Autonomous
Region) in West Ujimqgin Banner, 4 towns or sumu
in Zhenglan Banner, and 3 towns in Taibus Ban-
ner as our study sites. Appendix B summarizes their
names and characteristics. We used pseudo-random
sampling to choose the families that we interviewed
at each site because the low population density (i.e.
0.2 person per km?) led to a large distance between
families, and required concentration of the families
in some locations. We continued our surveys until no
new factors were identified, thereby ensuring that the
fuzzy maps adequately represented each interviewee’s

perceptions, which was proved to be effective in the
previous studies [47].

Beside the first-hand data, we also obtained
the statistical data from 2000 to 2017 of three
study areas. The data included GDP, population,
regional livestock number, and income. These data
were obtained from the local government’s web-
sites (Xilin Gol League, http://www.xlgl.gov.cn;
West Ujimqin Banner, http://www.xwq.gov.cn/;
Zhenglan Banner, http://www.zlq.gov.cn; Taibus
Banner, http://www.tpsq.gov.cn).

2.2.2. Basic information about the interviewees

We interviewed 21 families in West Ujimgqin, 21 fam-
ilies in Zhenglan, and 25 families in Taibus in 2019.
Figure 1 shows the locations of the interview sites,
and table 2 summarizes the demographic character-
istics of the interviewees. The average age of the inter-
viewees increased from north to south, accompanied
by a decrease in the proportions of Mongolian famil-
ies and female interviewees (table 2). The socioeco-
nomic characteristics of the families also differed
among the study areas.

2.3. Data analysis
Our 67 interviews revealed 28 different factors that
directly affected food consumption (table 3). We
classified the factors into four dimensions: ecolo-
gical factors (10), social factors (5), economic factors
(5) and personal factors (8). Here our classification
referred to the usual sustainable development indic-
ator and dimension [3], while the factors relative
to the personal characteristic and personal emotion
were sorted as the personal dimension. Four dimen-
sions consisted of all types of the impact factors.
Each interviewee scored the strengths of the rela-
tionships among the factors in the fuzzy cognitive
maps. These strengths (V) were divided into four
degrees: very weak (0 < V< 1), weak (1 <V <2),
important (2 < V < 3), and very important (3 < V <
4). Although we expected the scores to be between —5
and 5, in practice the interviewees only assigned val-
ues between —4 and 4.
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Table 2. Socioeconomic characteristics of the respondents in the three study areas.
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Zhenglan banner
(21 families)

Taibus banner
(25 families)

West Ujimgin
banner (21 families)

Gender Male 5

Female 16
Ancestry Han 1

Mongolian 20
Average years of education 7.7
Average age 44.6

7
14
11
10

9.0
51.2

11
14
25
0
5.4
62.9

Table 3. Factors that affected food consumption identified by the interviewees and their classification into four dimensions.

Dimension

Ecological factors

Social factors

Economic factors

Personal factors

Livestock number Infrastructure™ Household income Consumption habits*
Season™ Policy™ Regional economic Age
development
Planting* Festival* Food price Family structure
Nutrition™ Culture and customs Food market matur- Health
ity
Cropland area Transportation Cost of production Vocation
accessibility
Rangeland area Consumption
pattern™
Food security Awareness of health,
nutrition and market
Food quality Conformity™
Residence™
Climate
Total 10 5 5 8

Note: Season means ‘seasonal availability of food’. Planting means ‘crop and vegetable types planted’. Nutrition means ‘nutritional

quality of the food”. Residence means ‘urban or rural (especially rural area with grassland)”. Infrastructure means ‘the length of roads’

Policy means ‘government ecological restoration policy’. Festival means ‘special foods for certain festivals. Consumption habits means

‘personal preferences (e.g. the husband prefers meat, the wife prefers vegetables)”. Vocation means ‘herder, farmer, or both’.

Consumption pattern means ‘regional consumption behaviors (e.g. when people eat mutton, they drink alcohol; family usually stock

and eat a whole sheep or beef in winter)’. Conformity means ‘Conformity with neighbors or cultural traditions’

3. Results

3.1. Overview of the factors that affect food
consumption

According to the interviewees, 28 factors affected the
food consumption in their daily life (table 3). How-
ever, the factors differed among the study areas. In the
pastoral areas (Zhenglan and West Ujimgin), inter-
viewees identified more direct and indirect factors
than in the agro-pastoral transitional zone (Taibus)
(figure 2(a)). However, the numbers did not differ
significantly between the three areas, with an average
of 7 direct impact factors and 4 indirect intermediate
impact factors in each area.

Among the four dimensions of the impact factors,
personal and ecological factors were perceived as the
most important factors in all three banners, with both
a greater number of mentions (figure 2(b)) and a
greater cumulative score (figure 2(c)) than the other
factors. The key impact factors analysis also indicated
that interviewees showed stronger cognition in per-
sonal and ecological factors, which we will discuss in
section 3.2.

From the view point of each banner, the factors
in four dimension also showed the differences. In
Taibus Banner, ecological (8 times per interviewee)
and personal factors (7 times) were mentioned most
often and social factors were mentioned least often
(3 times). In Zhenglan Banner, personal factors were
mentioned most frequently (10 times), and economic
factors were mentioned least frequently (4 times),
although economic factors were ranked 3rd instead
of 4th in the cumulative scores. In West Ujimgin Ban-
ner, the pattern was similar to that in Zhenglan, which
means that even though residents did not mention
economic factors frequently (5 times), they ranked
the economic factors highly. Although Taibus res-
idents did not mention ecological factors and per-
sonal factors as often as residents in Zhenglan and
West Ujimgqin did, they gave both dimensions higher
scores. Residents in Taibus considered the social
factors to be least important, with the fewest men-
tions (3 times) and lowest score (1.8 in total). This
may be because socioeconomic development in the
pastoral areas (Zhenglan and West Ujimqin) has been
very rapid since 2008. We will discuss this in more
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Table 4. Overview of the fuzzy cognitive mapping results for the number of factors per dimension and additional indicators for the three
study areas. Values are means+SE.

West Ujimgqin (n = Zhenglan (n = 21) Taibus (n = 25)
p-Value 21)X £ SE X+SE X+SE

Impact factors (no. 0.617 ns 6.95+2.18 6.9+£2.43 7.44+1.56
for the 4 dimensions)
Rangeland size (ha) <0.001*** 2515.71 £353.74 1289.64 £ 219.63 4.87 £1.30
Cropland size (ha) 0.0106* 0+0 0+0 42.41+17.55
Family size (no. of 0.010" 3.62£0.20 3.62+0.29 2.7240.22
people)
Education (no. of 0.003"* 7.71+£0.70 9.00 £ 0.69 54+0.79
years)
Number of cows (no.) <0.001*** 34.57 +9.28 41.80+7.04 2.4440.74
Number of sheep <0.001*** 317.14 +49.81 34.90£11.92 5.84 +3.02
(no.)
Household income <0.001*** 18.62+2.14 13.834+1.95 2.40+0.31
(10* yuan per year)

Significance (ANOVA): ns, not significant; *p < 0.05, **p < 0.01, ***p < 0.001.

15 (a) number of impact factors

‘o -
 Ta =

number of factor
—
o

(]

Taibus Zhenglan West Ujimqin

M direct impact factor B indirect factor

ecological . .
(b) frequency 30 (c) cumulative  ccolosical
0 factor
SCOore
personal economic .
factor factor personal economic
factor factor
social .
factor social factor
== Taibus Zhenglan  e=@==\est Ujimqin === Taibus Zhenglan e=®@==\est Ujimqin

Figure 2. (a) The number of factors that the interviewees said influenced their food consumption. In the boxplots, the horizontal
line represents the mean, the boxes represent the 75% confidence interval, and the whiskers represent the 95% confidence
interval. Dots represent outliers. (b) The frequency and (c) cumulative score for the four factor dimensions in table 3, determined
by the interviewees.

detail later in the paper. The residents of these areas Our analysis of the structural and functional
strongly perceived the changes and the impacts on  demographic variables showed that residents in
their lives, which would lead them to focus more on  Taibus, Zhenglan, and West Ujimqin banners differed
significantly in their perceptions of impact factors,
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family size, rangeland size, cropland size, number of
sheep, number of cows, years of education, household
income, and subsidies (table 4).

3.2. The key impact factors and their characteristic
Livestock numbers, household income, regional
economic development, consumption habits, age,
and infrastructure were the most important impact
factors mentioned by the interviewees and showed the
most interactions with other factors (figure 3). In all
study areas,the high scores that interviewees gave goes
to livestock numbers, household income, regional
economic development, consumption habits, which
were all showing V' > 2.0 (important degree). Espe-
cially, age was thought as an important factor affected
household daily food consumption in Taibus, where
V =2.6, showing important degree compared to
other two areas). Besides, though the social factors
were ranked lower than other factors, infrastructure
were scored highest among all the social factors in
West Ujimgin (V =1.8) and Zhenglan (V =1.2),
which also showed distinguishing difference between
pastoral areas and agro-pastroal transitional zone
(V=0.1 in Taibus). Thus, in this paper we focus
on these important factors and analyzed their
characteristic.

Additionally, through the key impact factors
we found that interviewees paid more concerns
on the ecological factors and economic factors,
which could also find the clue s in figure 2—
interviewees showed high frequency and high cumu-
lative score in ecological factors, while relative low
frequency and high cumulative score in economic
factors. It suggested that ecological factors likes live-
stock numbers are so important that interviewees
all mentioned them frequently as well as gave
high score; though interviewees mentioned eco-
nomic factors not so often, they tended to gave high
score as long as they gave the economic factors a
nomination.

Among all these key factors, interviewees were
more concerned about ecological factors (livestock
number) in the northern areas (Zhenglan and
West Ujimgqin) than in the southern area (Taibus)
(figure 3). In addition, personal factors (especially
consumption habits) and economic factors (espe-
cially household income and regional economic
development) were ranked as the second and third-
most important groups of factors after the ecolo-
gical factors in the pastoral areas (Zhenglan and West
Ujimgin), whereas in the agro-pastoral transitional
area (Taibus), ecological factor (livestock number)
was also ranked first, and economic factors (espe-
cially household income) were ranked as the second-
most important factors. These results suggest that
as we moved from the north to the south, residents
becamemoreconcerned-about the economic and per-
sonal factors and less concerned about the ecological
factors.

W Yang and L Zhen

3.2.1. Ecological factor: number of livestock
In all three study areas, the number of livestock
was considered the most important factor (V> 3 in
the three study areas) that affected daily food con-
sumption (figure 3). The number of livestock dir-
ectly affects a resident’s food consumption by defin-
ing the size of this food resource, but also affects
food consumption indirectly by its effect on house-
hold income. This was true in all three areas.
However, we also observed a trend from north
to south, in which the number of livestock was
affected by a change in priorities from ecological
factors (number of livestock, season, rangeland) and
economic factors (household income, regional eco-
nomic development) to economic factors (household
income, regional economic development, food price)
and personal factors (consumption habits, age, fam-
ily structure). Especially in the pastoral areas (West
Ujimgqin and Zhenglan), the number of livestock was
strongly affected by the rangeland area. Also, the
number of interviewees who emphasized the number
of livestock tended to decrease moving from north to
south.

3.2.2. Personal factors: consumption habits and age
The most important personal factor involved con-
sumption habits (V > 2.5 in all three study areas).
In all three study areas, this was ranked as one of
the most important factors, and one that interacted
strongly with the other factors (figure 3). These habits
were mainly affected by household income, voca-
tion, and ancestry, and all of these factors were also
affected by regional economic development. Even
though residents’ consumption behaviors have prob-
ably changed over time in response to other changes
in their lives (e.g. rapid economic development),
these changes were reflected in their consumption
habits at the time of our interviews.

Age had a particularly important impact on food
consumption in Taibus (V = 2.6), which relates to the
problem of an aging population in this area. Resid-
ents’ average age in Taibus was 62.9, which is more
than 10 years older than in the other regions (table 2).
In addition, the areas of rangeland and cropland for
each family were smaller in Taibus than in the two
pastoral areas (table 4), and interviewees considered
their income from agriculture too low to provide a
comfortable life for young people; as a result, it was
mostly old people who chose to stay in rural areas in
Taibus. The aging problem affected consumption dir-
ectly by leading residents to eat less and restrict their
food choices, and indirectly by affecting their health,
income, vocation, and residence location (figure 3).

3.2.3. Economic factors: regional economic
development and household income

Regional economic development is one of the most
important economic factors that affected other
factors that in turn affect food consumption (V = 2.5
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parameter identified by interviewees.
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in West Ujimqin, V=2.3 in Zhenglan, V =2.3
in Taibus) (figure 3). In the pastoral areas, eco-
nomic development improved the infrastructure and
increased household income, thereby changing ways
of life and affecting food consumption. In the agro-
pastoral transitional zone, interviewees believed that
their nutrition had improved and that their num-
ber of livestock had increased, making herding more
profitable, and this affected their choice of vocation
and food consumption.

Household income was another important eco-
nomic factor that interacted with many other factors
and differed among the three study areas (V =2.4
in West Ujimqin, V' =2.3 in Zhenglan, V' =2.9 in
Taibus) (figure 3). In the pastoral areas (Zhenglan
and West Ujimgqin), household income was mainly
affected by factors related to animal husbandry such
as the number of livestock, cost of production, food
price, food market maturity, agriculture policy, and
area of rangeland. In the agro-pastoral area (Taibus),
household income was mainly affected by the per-
sonal and social factors (i.e. vocation, health, family
help, family structure).

3.2.4. Social factor: infrastructure

In the pastoral areas, infrastructure had the highest
score among the social factors (V = 1.8 in Zhenglan,
V' =1.2 in West Ujimgqin), but in Taibus, it had a
much weaker effect on food consumption (V =0.1;
table 4, figure 3). Due to the large grassland area,
the infrastructure (mainly roads) was poor and lim-
ited residents’ access to markets and the outside world
in the pastoral areas. Along with economic devel-
opment and government policy, the infrastructure
improved, thereby improving food consumption and
offering more diverse food choices that became easier
to access. However, in the agro-pastoral area (Taibus),
which had a higher population density and a smal-
ler area, the cost for governments to build basic infra-
structure was lower and rural residents found it easier
to get access to local markets where they could obtain
more food, thereby weakening the strength of the
social factors in this area (figure 3).

4. Discussion

4.1. Key factors that affected food consumption
Based on changes in the socioeconomic character-
istics of the study areas from 2000 to 2017 and the
basic information on farmers and herders that we
obtained in the 2019 field survey, we analyzed the
social, economic, and ecological dimensions of the
study areas to reveal causes of the differences in the
number of livestock, household income, regional eco-
nomic development, consumption habits, and age in
the three typical areas based on the fuzzy cognitive
mapping (figure 3).

The number of livestock differed greatly among
the three study areas. The number of livestock in
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the study area also decreased (in response to a gov-
ernment policy to prevent overgrazing) at different
rates from 2000 to 2017. In 2017, the number of live-
stock in West Ujimgin was 930 900, versus 365 600
in Zhenglan and 191 200 in Taibus (figure 4(c)). The
residents of West Ujimgqin tended to herd more sheep,
whereas residents of Zhenglan tended to herd more
cattle, and residents of Taibus tended to herd a small
number of animals with a high economic value, such
as camels and horses. In addition, the size of range-
land decreased moving from north to south (table 4),
and this may have affected the number and type of
livestock owned by a family.

With economic development, the per capita GDP
and household income of interviewees have grown
rapidly since 2000. The per capita GDP of West Ujim-
qin increased from 9680 yuan (2000) to 153 971 yuan
(2017), an increase to 15.9 times the original value;
the per capita GDP of Zhenglan increased from 5005
yuan (2000) to 85 583 yuan (2017), an increase to 17.1
times the original value; and the per capita GDP of
Taibus increased from 3035 yuan (2000) to 26 767
yuan (2017), an increase to 8.8 times the original
value (figure 4(a)). The household disposable income
of residents in West Ujimgqin (23 662 yuan) was always
highest, and the income decreased from north to
south (figure 4(b)). Moreover, the GDP differences
between the three areas widened during the study
period, which suggests there were significant regional
differences in the economic conditions. The num-
ber of livestock decreased from 2000 to 2017 in West
Ujumgqin and Zhenglan, but remained relatively con-
stant (despite some fluctuation) in Taibus. Besides,
residents in Xilingol League witnessed a significant
wealth growth in the past decades, on one hand it was
mainly contributed by the resource exploitation (i.e.
mining) [6], which also posed challenges to regional
sustainable development; on the other hand, the rapid
economic development would change residents’ daily
food budget as well as daily food consumption struc-
ture [16] , which raised new demand for regional food
supply.

Consumption habits and age also differed signi-
ficantly between the three regions. Previous research
on our study areas showed that the food consumption
by residents of the three study areas differed greatly
in quantity, structure, and preference. In West Ujim-
qin, residents tended to consume meat, vegetables,
and fruits; in Zhenglan, residents tended to consume
meat, grains, vegetables, and fruits; and in Taibus,
residents tended to consume grains, vegetables and
fruits (table 1). This suggests changes in the diet from
primarily pastoral to primarily agricultural areas.

The mean age of residents of the three study areas
increased from north to south, from 45 years in West
Ujimgqin to 51 in Zhenglan and 63 in Taibus. How-
ever, the total population of each region remained
stable from 2000 to 2017 (figure 4(d)). However,
the age structure in Taibus represents a potential
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problem. On the one hand, the banner had a much
higher population than the other two regions (fig-
ure 4d) as well as a high population density (62 per-
sons per km?; table 1, figure 4d); on the other hand,
large numbers of rural people have moved into the
banner’s cities to find jobs, leaving a growing propor-
tion of elderly people in rural areas. Many of the eld-
erly people are unable to find jobs in the city or pre-
ferred to remain in rural areas due to the low cost of
living.

As GDP increased, infrastructure development
also increased, especially in terms of the construc-
tion of roads. In Taibus, the small land area (table 1)
means that construction of roads has not caused
problems related to access to food supplies; that
is, a relatively small number of roads can meet
the needs of residents. However, in West Ujim-
qin and Zhenglan, which are larger, governments
have had more serious problems building sufficient
roads.

4.2. Differences in household perceptions

In the Xilin Gol Grassland, there is a natural gradi-
ent of ecosystems and environmental conditions from
north to south. Our results and previous research
suggest that this gradient has affected the local
culture, customs, and perceptions of local resid-
ents [14, 26, 49]. The socioeconomic characterist-
ics of the residents differed among the three areas,
as did their perceptions of the grassland system
that sustained them, with both direct and indir-
ect impacts on human systems and activities in
the Xilin Gol Grassland. Human activities have
adversely affected the region’s vulnerable environ-
ment; on the one hand, overgrazing and unsustain-
able use of local natural resources (i.e. grassland,
water) led to the environmental issues [6, 7]; on the
other hand, since the implementation of key ecolo-
gical projects (i.e. Grassland Ecological Compensa-
tion Policy, Grain for Green) by the government, the
local ecosystem has recovered since 1999 [50, 51].
As we moved from north to south along our tran-
sect, residents relied less on grasslands for their liv-
ing and more on agriculture. Thus, their percep-
tions of the importance of the grassland weakened,
and they showed less concern about the ecology
of their local grasslands. Such transitions along a
grassland transect have been described previously
[14, 52]. Furthermore, in the other grassland areas,
people’s food consumption behaviors were found
to be affected not only by infrastructure, consump-
tion habits, household income, local food supplies,
and family size [18, 53], but also market accessibil-
ity, eco-friendliness, local production, and nutrition
[53-55].

Moreover, household perceptions between Han
people.and-Mongolian.people showed some differ-
ences in the impact factor scale and score of factors
(appendix D1). We took Zhenglan as example to
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divide the interviewees into two group by nationality
of the family members, in which Han family group
was consist of 11 interviewees and Mongolian family
group was consist of 10 interviewees. The results
showed that Mongolian interviewees perceived more
factors (26) than Han interviewees (18). What’s more,
Mongolian showed special focus on infrastructure
(V=2.0 ) while Han interviewees especially con-
cerned the season (V = 2.7).It suggests that the infra-
structure (e.g. road) did affect household food con-
sumption a lot through the food accessibility; while
the Han family tend to plant some vegetable in the
yard which are one of most important sources of food,
and the planting of vegetables is directly relative to the
season in this area.

4.3. Limitations of our study

The largest limitation on our study related to budget
and time constraints, which limited the number of
residents we could interview. In order to test the
effectiveness of our results in limited sample scale,
we divided all the family into two group randomly
to compare the results in three banners. The res-
ults showed that there were not significantly dif-
ference between two groups in all three banners
(appendix D). On one hand, no matter in West
Ujimgqin (appendix D2), Zhenglan (appendix D3) or
Taibus (appendix D4), the scale of food consumption
impact factors revealed by the interviewees were close;
on the other hand, the high scored factors and high
frequency factors in different groups within the ban-
ner were similar and kept consistency to the results of
the whole banner.

We nonetheless found interesting differences
among the three banners that suggest a need for addi-
tional research to clarify these differences. Fuzzy cog-
nitive mapping provided an effective way to analyze
household perceptions of the factors that affected
food consumption and to provide a quantitative
(though subjective) description of the study area.
However, there are limitations of this approach,
including the subjectivity of the assessments of the
strength of a given factor that affects food consump-
tion. In addition, our approach cannot assess the
impacts of unknown factors. Because we did not
provide interviewees with a predetermined list of
factors, it is possible that many of them were unaware
of some of the factors that other interviewees iden-
tified or failed to remember those factors during the
interviews. However, this weakness of our research is
also a strength, since the interviewees had a chance
to identify factors that they considered to be import-
ant rather than being biased by our prior choices of
factors. Future research should focus on the com-
plete set of factors that we identified in the present
study.

Our results are also influenced by various subject-
ive biases. For example, residents tended to remember
the impact of recent or extreme climate events, and
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Figure 4. Changes in the socioeconomic characteristics of the three study areas from 2000 to 2017. (a) Per capita GDP, (b) annual
per capita disposable income, (¢) livestock number, (d) population. Data sources: West Ujimqin (2001-2018); Zhenglan Banner

(2001-2018); Taibus Banner (2001-2018).

this may have exaggerated the weight they assigned to
such factors. This shortcoming could be mitigated by
conducting surveys with a time lag in future research
to see whether perceptions change.

5. Conclusions

In this study, we used primary data obtained by con-
ducting interviews to support fuzzy cognitive map-
ping in three typical areas of the Xilin Gol Grass-
land. We identified the factors that residents believed
had affected their food consumption along a north
to south transect through the grassland based on
household perceptions of the key factors and their
relative strengths, and combined those findings with
socioeconomic data to analyze the impacts of the
key factors in three typical regions of the grass-
land. From north to south along the transect, per-
ceptions of the factors that affected food consump-
tion changed in terms of both the key factors and
their perceived strengths. The number of livestock,
household income, regional economic development,
consumption habits, age, and infrastructure were
perceived as the most important factors. However,
the residents of pastoral areas (West Ujimgin and
Zhenglan) focused more on ecological and economic
factors, whereas residents of the agro-pastoral trans-
itional zone (Taibus) placed less emphasis on ecolo-
gical factors and were more concerned about personal
and social factors. The key factors differed among
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the three regions, which suggests that local factors
influenced the residents’ perceptions and the result-
ing food consumption.

Our data on the factors that influence food con-
sumption are preliminary, but future research to
improve our understanding of these household per-
ceptions will provide insights into the relationships
between human activities and the grassland ecosys-
tem, thereby providing improved guidance for policy
development.
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Appendix A. Example of a record of the fuzzy cognitive mapping that was performed
during the field survey

Appendix B. Information about the villages where the interviews were conducted

Number of inter-

Banner Town or sumu Village or gacha viewees
West Jirengaole Town, Shandanbaolige 21
Ujimgqin Waulanhalaga Sumu, Gacha, Xingaole
Haoletugaole Town, Gacha, Wuritugaole
Bayanhushu Sumu, Gacha, Alatangaole
Bayanhua Town Gacha, Saihannuoer
Gacha, Bayanhaoletu
Gacha
Zhenglan Sanggendalai Town, Bayinsurige Gacha, 21
Shangdu Town, Saiy- Qinggeletu Gacha,
inhuduga Sumu, Yirilejihu Gacha,
Naritu Sumu Chaidamu Gacha,
Tugurige Gacha,
Ligesitai Gacha,
Hulusitai Gacha
Taibus Baochang Town, Fuxing Village, 25
Yongfeng Town, Fanmao Village,
Qianjingou Town Tianxingyuan Village,
Pingchuan Village
17 67
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Appendix C. Network of all factors that affected food consumption in the three study
areas
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(c) Taibus Banner
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Appendix D. Results of resident’s perceptions in different groups

Different nationality group (Zhenglan )
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Figure D4. Difference between Han people and Mongolian people in Zhenglan.
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