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Abstract: Environmental impact assessment (EIA) is a key tool for both environmental and land
management. It identifies potential adverse and unintended consequences of the projects on land use
and the environment and derives possible mitigation measures to address these impacts. Calculating
the volume and severity of impacts is complex and often relies on selections and simplifications.
Moreover, calculating impacts associated with nomadic-pastoral (dynamic) land use is still an
unresolved methodological problem. A full understanding of the patterns of dynamic land use in
nomadic pastoralism is still lacking. Consequently, EIAs are currently able to predict the negative
impacts associated with dynamic land use insufficiently. This article addresses this lacuna by
modeling the spatial occupation of grazing land using a statistical modeling technique of structural
equation modeling (SEM) and the R package lavaan for SEM, in order to explain the behavior of
dynamic land use for EIA. Based on the concepts of the production of space and pastoral spatiality, we
specified and tested a model of spatial occupation of grazing areas hypothesizing interrelationships
between factors influencing the pastoral space using empirical data from two different ecological
zones in Mongolia. The findings suggest that grazing areas, herd mobility, and herd size and
composition have direct positive effects on each other. Compared to broad-scale pastoral movements,
the herd size and composition significantly affect the size of grazing areas and the extent of fine-scale
herding mobility. Herders occupy more pastoral space and increase their daily herding movements at
their campsites when the population of livestock increases. By contrast, the herd size and composition
do not considerably affect the herders’ decision to migrate for extensive grazing between their
seasonal campsites. Likewise, the scale of grazing areas and fine-scale pastoral mobility do not affect
significantly the broad-scale herding mobility between campsites. The broad-scale herding mobility
is relatively independent of the fine-scale mobility; however, they covary. This is the first study to
analyze and quantify the effects of grazing areas, herding mobility, and herd size and composition
in the same study. EIA impact prediction should consider grazing areas as a dynamic space that
is influenced by grazing orbits, fine and broad-scale herding movements including otor, livestock
species, the number of animals as well as households at campsites.

Keywords: environmental impact assessment; grazing land; herd size strategy; lavaan; Mongolia;
pastoral mobility; pastoral space; R; spatial occupation; structural equation modeling

1. Introduction

Land use is a complex process and operates at the interface of multiple socio-economic
and environmental systems [1,2]. Land use in the context of nomadic pastoralism makes
this interface more complex and non-linear due to the inherent dynamic equilibrium of
pastoral systems [3]. Byambaa and de Vries [4,5] argue that current environmental impact
assessments (EIAs) do not address this dynamic character in nomadic pastoralism and
therefore, impacts associated with nomadic-pastoral (dynamic) land use are not sufficiently
and appropriately predicted in EIA. EIA is a legally required tool for environmental
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management applied in more than 190 countries [6,7] and it is the key process that identifies
potential adverse impacts of projects and initiatives at an early stage [8]. Moreover, EIA
suggests possible mitigation measures to address negative impacts on the environment and
people’s health and livelihood and informs decision-makers about those impacts. Thus,
impact prediction about nomadic-pastoral land use in EIA needs to be improved in order
to inform the decision-making properly.

In 2012, a complaint was filed to the Compliance Advisor Ombudsman (CAO) by
the representatives of 89 herder households affected by the Oyu Tolgoi project in Mon-
golia, which is one of the largest known copper and gold deposits in the world. Herder
households were concerned that the negative impacts of the project on their grazing areas
were not appropriately quantified and the methodology used to identify impacts was not
clear to the herders [9]. Indeed, impacts associated with grazing areas of each individual
herder household were not identified sufficiently by the project [10]. Moreover, the impact
prediction [10] failed to look at the interrelationship between grazing areas and pastoral
mobility such as otor1 movements and did not consider the number of livestock and herd
composition when conducting EIA. Environmental and social impact assessment of a new
wind park project in Mongolia also failed to consider the characteristics of dynamic land
use when identifying impacts on grazing areas [11]. These EIAs identified project impact
areas as radial or linear zones around the project facilities and only impacts associated
with grazing campsites located within these impact areas were addressed. Connections
of the affected herders’ campsites with other seasonal grazing areas, which are used by
the same herder, for instance, were not assessed sufficiently. Such links between seasonal
grazing areas are dynamic as pastoral mobility is influenced by various climate, envi-
ronmental and social factors. EIA’s objective is to identify these dynamic grazing areas
affected by the project regardless of how they were generated. A framework by Slootweg,
Vanclay et al. [12] suggests that interrelated impact pathways in nomadic pastoralism
include impacts of projects such as mining on pasture land and impacts of pasture land use,
such as overgrazing, on the environment [4] as well as on land use itself. Thus, impacts,
as well as impact areas, of both project and pastoral land use need to be identified in EIA.
Hence, so far there is a deficiency in addressing impacts associated with dynamic land
use, as the current EIA methods primarily focus only on static land use such as mining
interventions [4,5].

In recent years, the most commonly used method of land-use impact prediction has
been the land-use impact assessment within life-cycle assessments. This method investi-
gates the quantities of land-use changes [4]. It calculates land-use impacts as a function of
(i) the area used for the land use process, (ii) the time required for the transformation and
occupation process of land use, and (iii) the difference in land quality between the current
and initial land use [13–15]. Thus, one of the key parameters of land-use impact is the area
for a specific land-use type. This implies that in order to quantify nomadic-pastoral land
use, an EIA needs to properly account for the dynamic aspects of this land-use type; there
is a spatial variation in land use through the pastoral movements.

In the context of pastoralism, the complexities of spatiotemporal use of pasture land
tend to be oversimplified in existing conceptual models [16] and have not been analyzed
in a way that has led to an explanatory model of nomadic movement [17]. Explaining
why, where, and how pastoral land use and movement occur requires considerable effort
in terms of mobility modeling and evaluation [18]. The scientific understanding of land-
use changes, which are both spatial and categorical, is still insufficient due to gaps in
knowledge about the pattern and dynamics of land-use intensity [19]. Land-use intensity
is a multidimensional process and can refer to different aspects including the land area
used and the time required for land-use occupation processes [20]. To date, adequate

1 Migration of herders to fatten their animals or to escape drought or harsh winter to distant pastures other than their winter, summer, spring, and
autumn campsites where grasses are available for grazing.
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approaches, conceptualizations, and datasets are often missing for measuring land-use
intensity qualitatively and quantitatively to a sufficient extent [19–21].

A few land-use change models deal with both the location and the quantity of its
change in an integrated way offering only case-specific solutions [21]. Jones, Antle et al. [22]
note that the modeling of livestock systems is particularly complex as it requires a good
understanding of the use of land by herds at various levels and the existing models of
livestock systems mainly focus on predicting animal productivity, animal numbers, herd
dynamics, and herd structure. From case studies, in various pastoral contexts, we know
that it is possible to predict the probability of a livestock movement link between two
locations [23,24]. There are also models that examine the dynamics of livestock in terms
of sales, self-consumption, and stocking [25], and pasture land use with respect to the
demands of domestic consumption and international trade [26]. Associations between
herding practice and water availability as well as cattle productivity (intake rates, foraging
behavior, milk yields, and body conditions) were also examined [27]. Moreover, it is
possible to predict the resource selection patterns for cattle [28], and factors that can play a
role in the generation of mobility patterns of grazing cattle are known [29].

Although extensive research exists on defining, categorizing, and explaining the
variations in pastoral space and its mobility patterns, there is still a need for better insights,
which would explain why, and how herders spatially occupy and alter their dynamic
land use. Only with more detailed information on the significance of factors such as
livestock species and size, location and size of grazing areas, and mobility patterns, is it
possible to conduct an EIA in a more comprehensive way. Access to pastoral data is one
of the challenges of rangeland science for better understanding the grazing interactions
and processes comprehensively [18,30]. Liao [31], for instance, notes that significant
shortcomings still exist in pastoral mobility quantification and only little empirical work
has been conducted to quantify pastoral mobility extensively. Moreover, calculating the
total impacts associated with a complex series of land occupations still remains unresolved
and this is a methodological problem for impact assessment [32] as the current EIA methods
are designed for static land use [4]. This study examined the following twofold questions to
contribute to explanations and quantifications of the dynamic land use: How does dynamic
land use produce pastoral space? How do factors influencing dynamic land use interrelate with
each other? The article intends to address these questions by modeling and explaining the
spatial occupation of grazing areas, using a structural equation modeling (SEM) technique
based on empirical data collected from two different ecological zones in Mongolia. This is
the first study, to our knowledge, to quantify the effects of grazing areas, herd mobility,
and herd size on each other all together. Moreover, the empirical study presented in this
study extends the previous works [33,34], which applied latent variable modeling in the
evaluation and quantification of complex and dynamic interactions in nomadic pastoralism.

2. Model Specification
2.1. Measuring the Pastoral Space and Mobility

The methodological problem in impact assessment related to a series of land occu-
pations requires us to improve our understanding of the spatial occupation of grazing
land generated by pastoral mobility [4]. Two main types of herding mobility are used by
pastoralists [35]. Broad-scale movements related to different seasons that occur between
camps and fine-scale movements that include daily mobility within the pastoral unit.
Various indicators have been suggested by scholars to measure the pastoral space and
mobilities based on studies conducted on the sedentary to semi-sedentary or transhumance
pastoral systems.

We characterize and quantify pastoral areas and mobility by applying the parameters
of grazing orbit, length of daily herding movement, and distances between campsites
which include the number of camps. Grazing orbit is a mobility area from the center of the
household or a livestock enclosure where the path that animals circumnavigate from their
enclosures to grazing and water resources and back to their enclosures in a grazing day [36].



Land 2021, 10, 211 4 of 18

Length of daily herding movement is an indicator of pastoral mobility and it measures the
daily cumulative herd travel [31,36–39]. Pastoral mobility is also measured by the distance
from camp, which considers a daily maximum distance from camp or the spatial stretch of
daily herding movement [27,31,40]. Moreover, the number of camps is an indicator that
measures the extent of grazing mobility [31]. This indicator refers to how many sites are
used as camp locations during a seasonal cycle by pastoralists. Freedom in herd movements
and the degree of constraints on herd mobility is measured by an angular distribution of
footprint which refers to the mean angle in degrees from the livestock enclosure to the point
of furthest travel, in a straight-line distance from the enclosure [31,36].

2.2. Modeling and Hypothesizing the Spatial Occupation of Grazing Land

We specified a model formulating the relations between a set of parameters we
discussed in the previous section. This model presents our assumptions about the spatial
occupation of grazing areas and is based on Karplus and Meir’s [41] concept of pastoral
spatiality developed under the Lefebvre [42] framework for the production of space.
Lefebvre’s [42] spatial framework conceptualizes space as a triad consisting of perceived,
conceived, and lived spaces interrelated to each other. These three elements produce a space
linking physical and abstract aspects of any socially produced space. In his framework, a
perceived space embraces the concrete physical space where we practice everyday activities.
In contrast, a conceived space is a conceptualized space imagined by scientists, engineers,
and planners through maps and plans creating a system where the spatial relations are
imposed by order of signs and codes. A lived or representational space, in turn, is “the space
of inhabitants, hence, space which is passively experienced and in which the imagination
seeks to change appropriately. It overlays the physical space, making symbolic use of its
objects” by which we imagine the space we live (see p.39 in [42]).

By drawing on the Lefebvre [42] framework, Karplus and Meir [41] defined the pas-
toral spatiality as an interrelated space produced through pastoral mobility (perceived
space), social territoriality (conceived space), and pastoralists’ ideological attachment to
space through symbols and cultural codes (lived space). Byambaa and de Vries’ [4] review
concluded that the rationalist theory and linear cause-effect epistemologies are dominant
underlying fundaments of EIA discourses. They argued that nomadic-pastoral land users
need EIA theory to incorporate irrational logic and complex and unpredictable socio-
ecological features of dynamic land use and they called for more adaptive or nomadic
theories to be applied in EIA. Karplus and Meir’s [41] concept of pastoral spatiality incor-
porates the needs of dynamic land use as this framework was specifically conceptualized
to understand pastoral space. They conceptualize that “pastoralists’ perceived space is
produced as a series of temporary campsites linked by journey trails” (see p.39 in [41]).
Thus, in our model, the perceived space is characterized by indicators related to pastoral
mobility (Figure 1).

Furthermore, according to Karplus and Meir [41], a pastoral conceived space is pro-
duced as social territoriality where spatial resources and social interaction are managed
by means of a group of people. Our model uses the livestock population as a parameter
characterizing the pastoral conceived space. Sayre, Davis et al. [43] note that land degrada-
tion in rangelands more often results from intensifying commercial livestock production.
A recent study by Hilker, Natsagdorj et al. [44] also showed a clear connection between
increases in animal population and overgrazing. Moreover, some countries successfully
prevented grassland degradation by controlling the increase in livestock population [45,46].
Hence, the livestock population is the key indicator and rule of managing spatial resources
of pasture land, and therefore, we link the herd size strategy to the pastoral conceived
space in our model.
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Lastly, according to Karplus and Meir [41], “continued production and reproduction
of localities lead to lived space that gives precedence to ideologies of socio-spatial bonds”.
Moreover, a herding pattern represented by a grazing orbit in different localities is the
synergistic spatial product of social and ecological conditions in pastoralism [40]. In fact,
an effective communal land-use system in pastoralism is driven by a complex mix of com-
munity dynamics, social relations, and the biophysical characteristics of the landscape [47],
and traditional ecological knowledge [48]. Thus, in our model, the grazing land, which
represents the grazing orbit, is linked to the lived space. We relate indicators of daily
herding movements on campsites also to the lived space. This relation is necessary to
understand the symbolic and cultural significance of the nomadic-pastoral lifestyle. We
specify that, together, these factors relate to each other and contribute to the production of
pastoral space (Figure 1).

Pastoral space in nomadic pastoralism is dynamic and varies in size and location due
to herders’ decisions to migrate between grazing areas. Thus, it is improper to observe
grazing areas, herding mobility, and herd size strategy from static observations. Instead,
these factors are latent variables in our model. We hypothesize that the grazing land,
pastoral mobility, and the herd size strategy are interrelated key factors of the pastoral
space and quantified by grazing areas, both fine and broad scale herding mobilities, the
number of households, and the number of animals (Figure 1). As so, the proposed model is
defined by these three latent variables (factors): grazing land, pastoral mobility, and herd
size strategy and in addition, seven observed variables (indicators): total grazing orbit,
total length of daily herding movement, total number of households on campsites, total
distance between campsites, total distance between campsites including otor, total number
of animals, and total number of sheep and goats.

Based on the above conceptual model, we hypothesize (Figure 1) that the grazing land
and pastoral mobility are interrelated (grazing land ~~ pastoral mobility) and measured by
a factor related to herd size and composition, which we name herd size strategy (grazing
land ~ herd size strategy; pastoral mobility ~ herd size strategy). Herd composition is
related to the foraging and feeding of livestock species and depending on livestock diet
selection, herders make decisions about the location and size of grazing areas. Thus,
the number of sheep and goats which characterize herd composition is an indicator that
measures herd size strategy in our model. We hypothesize that the herd size strategy has a
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direct effect on both the grazing land and pastoral mobility. The observed variables of daily
grazing patterns and households on campsites measure the grazing land (grazing land =
~grazing orbit + length of daily herding movement + number of households on campsites).
Moreover, pastoral mobility is quantified in our model by the total distances between
all seasonal (spring, summer, autumn, winter) grazing camps including otor campsites
(pastoral mobility =~ distance between campsites + distance between campsites including
otor campsites + number of households on campsites). Otor is a traditional mobility
strategy developed by Mongolian herders to cope with harsh winter [49] and it improves
the effectiveness of grazing reserves [50]. Moreover, otor provides herders with the means to
maintain livestock husbandry in highly variable and uncertain environments by accessing
key resources through extensive movements [49]. Therefore, otor is an important indicator,
which measures pastoral mobility. The number of households on each of those campsites is
predicted by both the grazing land and pastoral mobility as the availability of pasture land
and the needs for seasonal movements depend on access to grazing areas which influence
the households’ decision to stay in or move out the campsites. The observed number of
animals and the sheep/goat herd composition measure the herd size strategy.

3. Methodology and Data Collection
3.1. Study Areas

The study was conducted in two areas in Mongolia. The first area, Turgen soum2 of
Uvs aimag3 is located in western Mongolia at an average altitude of 1763 m in a forest steppe
region, approximately 1500 km from the capital city of Mongolia. The second, Delgertsogt
soum of Dundgovi aimag is located at an average altitude of 1432 m in a semi-desert steppe
region in southern Mongolia. However, both areas include dry and mountain forest steppe,
desert and mountain desert steppe ecoregions in their entirety (Figure 2). Turgen had
340 herder households and 143,960 animals in 2018, whereas Delgertsogt had 380 herder
households and 185,860 animals in total [51]. In both soums, households herd sheep, goats,
cows (and yaks), horses, and camels and move between winter, spring, summer, autumn,
and otor campsites. The herd composition and herding pattern differ in these two study
areas due to their variations in altitude and climate conditions. Such different areas were
chosen to include a representation of various movement patterns and herd composition
which exist in Mongolian pastoralism.

Open grazing areas are owned by the state in both zones [52], however, they are de
facto managed as common properties [53]. Formal possession rights are allocated to khot
ail (groups of livestock keeping families [54]) in those soums to use grazing areas in winter
and spring campsites [55]. Moreover, land rights on grazing lands in autumn, summer,
and otor campsites are regulated through “manifestations and interpretations of herders’
customary rights and the reworked legacy of historical institutional arrangements” (see
p.1401 in [56]).

3.2. Data Collection

Data were collected from the two study sites in Mongolia between July and September
2019. First, we used a survey questionnaire containing questions related to the movement
pattern of animals. The design of the questionnaire used the indicators of pastoral land use
and mobilities such as the grazing orbit, the length of daily herding movement, and the
number of camps (Table 1). We administered the questionnaire through structured face-to-
face interviews. To carry out the interviews, we visited the homes of herder households as
well as various events such as community meetings and celebrations where many herders
gathered. From each soum, we interviewed senior family members of 100 households
in the Mongolian language and in total, received 200 responses from two soums to our
questionnaire.

2 The second-level administrative subdivision of Mongolia.
3 The first-level administrative subdivision of Mongolia.
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The face-to-face interviews we conducted with 200 herder households reveal that
horses and camels graze freely in any pasture area. They graze within a much longer
distance compared to sheep, goats, cattle, and yaks. Moreover, the herders who participated
in the survey noted that horses and camels mostly graze outside their grazing orbit.
Therefore, we considered the length of daily herding movement and the grazing orbit of
only sheep, goats, and cattle (and yaks) in our model.
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Table 1. List of collected data on herd population, mobility, and grazing areas from two sites in Mongolia.

Livestock
Number of Herder

Households on
Campsites

Distance between
Campsites

Length of Daily
Herding

Movement
Grazing Orbit

Total number of
animals (sheep, goats,

cows (and yaks),
horses, camels)

Winter campsite Winter-Summer Sheep and goats Sheep and goats at
winter campsites

Summer campsite Winter-Spring Cattle (and yaks) Sheep and goats at
summer campsites

Spring campsite Winter-Autumn Sheep and goats at
spring campsites

Number of sheep Autumn campsite Spring-Summer Sheep and goats at
autumn campsites

Number of goats Otor campsite Spring-Autumn Sheep and goats at otor
campsites

Autumn-Summer Cattle
Summer-Otor Yaks

Summer-Temporary
campsite
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Mongolian herders used their ecological knowledge of plant-animal-environment
relationships in their nomadic herding strategy [48]. Different knowledge systems such as
the pastoralists’ own knowledge system were also used for understanding pastoral mobil-
ity [35]. Moreover, participatory mapping was used to obtain local spatial knowledge [57].
During the interviews, we also conducted participatory mapping with herders to identify
the locations of their winter, summer, spring, autumn, and otor grazing areas using the
local names printed on a map prepared in advance. Seasonal movements between winter,
summer, spring, autumn pastures practiced by Mongolian herders have repeated patterns
and the location of basic pasture types remains constant between years [48]. Therefore,
herders who participated in the survey had good knowledge about their seasonal pastures
and they provided us information about their grazing distances, locations, number of
animals, grazing distances, and households, which share pasture in their campsites during
the survey. Grazing locations were then further marked on a shapefile we obtained from
the local authorities to measure distances between campsites using spatial analysis. The
shapefiles included locations of grazing campsites of these soums allocated to herders for
possession rights and were used as the second source of data for this study.

3.3. Structural Equation Modeling and Exploratory Factor Analysis

The methodological approach taken in this study is a structural equation modeling
(SEM) technique. SEM is a methodology for explaining the patterns of relationships among
variables and for estimating the magnitude of effects of one variable on the other. We use
SEM to test and estimate complex relationships among both observed (indicators) and
unobserved (factors) variables [58]. Factors representing nomadic-pastoral land use are
not measured directly and therefore, they are latent variables. SEM fits into the purpose
of this study in examining both latent and observed variables related to pastoral space
in the same analysis. We tested Karplus and Meir’s [41] concept of pastoral spatiality
by specifying a model of the spatial occupation of grazing land employing this concept.
SEM is used for both confirmatory and exploratory purposes and it examines the extent of
interrelationships among the variables [59]. Thus, SEM also suits our objective to quantify
the pastoral areas and mobility by estimating the magnitude of effects of our variables on
each other.

We followed the key steps of SEM [60]. First, we specified the model, while choosing
indicators for observations and designing a questionnaire for data collection. We evaluated
the model by applying exploratory factor analysis (EFA) using the Zhang, Jiang et al. [61]
EFAutilities package in R. The EFA is conducted to test the assumptions between measured
variables and to identify the common factors and covariation that explain the structure
among our observed variables [62]. We tested the relationships among all our observed
variables using the datasets derived from 200 survey responses including data on horses
and camels by applying EFA. However, the factor loadings of variables of horses and
camels were not significant. A factor loading for a variable is a measure of how much the
variable contributes to the factor [63]. The face-to-face interviews with the herders also
verified that the movement of horses and camels are substantially different from the daily
grazing patterns that herders practice. Therefore, the EFA focused on data on sheep, goats,
and cattle (and yaks).

Following the model evaluation, we estimated the model using the R package lav-
aan [64] which applies the maximum likelihood (ML) method to calculate the fit of the
model and we evaluated model fit. We assessed the goodness of fit indices of the model
with the Comparative Fit Index (CFI), Tucker–Lewis Index (TLI), Root Mean Square Er-
ror of Approximation (RMSEA), and Standardized Root Mean Square Residual (SRMR).
Some rules of acceptable criteria for goodness-of-fit indices exist although there are no
well-established guidelines for adequate fit [65]. For the ML method, the cut-off values
CFI > 0.95, TLI > 0.95, RMSEA < 0.06, and SRMR < 0.08 are suggested to assess whether
the hypothesized model and the observed data fit sufficiently/significantly [66]. Moreover,
SRMR < 0.10 and RMSEA ≤ 0.08 are suggested as acceptable fit [65,67].
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A fitting model represents a tool that explains causal assumptions among variables
and such results should support conclusions about matters to which the theory applies [68].
Thus, we interpreted the parameter estimates in connection with the concept of pastoral
spatiality. Moreover, we interpreted the results following the Schreiber, Nora et al. [59]
guidelines and recommendations for reporting results of SEM.

4. Results
4.1. Exploratory Factors

The results of the EFA show that the grazing orbit and the total length of daily herding
movement load on the first factor (grazing land) ranged from 0.82 to 0.98 and this factor
represents what we have called grazing land in our conceptual model (Table 2). The
number of herder households on campsites also loads on the first factor with a value of
0.20 which is relatively significant compared to other variables.

Table 2. Exploratory factor analysis of the observed variables of data used in the model testing
and the factor loadings (Factor 1—Grazing land; Factor 2—Pastoral mobility; Factor 3—Herd size
strategy; Estimation method—maximum likelihood; Rotation type—oblique).

Observed Variables (Indicators) Factor 1 Factor 2 Factor 3

Total number of animals 0.05 0.01 0.91
Total number of sheep and goats 0.01 0.01 0.99

Total grazing orbit 0.98 0.02 0.03
Total length of daily herding movements of sheep,

goats, cattle (and yaks) 0.82 0.05 0.03

Total number of herder households on campsites 0.20 0.36 0.05
Total distance between campsites 0.01 1.00 0.03

Total distance between campsites including
otor campsite 0.12 0.82 0.07

Distance related two variables (the total distance between campsites and the total
distance between campsites including otor campsite) as well as the number of households
on campsites load on the second factor (pastoral mobility). The factor loadings ranged from
0.36 to 1.00. The total number of animals and the total number of sheep and goats load on
the third factor (herd size strategy), which had factor loadings of 0.91 and 0.99 respectively.
Our results of EFA validates the structure of the three factors we applied in our model
considering the conceptual framework on pastoral spatiality. Following this analysis, the
fit of the model was tested, and its parameters were estimated.

4.2. Estimation of the Model

The estimation of the hypothesized structural equation model was carried out using
the Rosseel [64] R package lavaan for SEM. We quantified the standardized factor loadings
and parameter estimates of this model which we specified with R code4 using lavaan
(Figure 3).

As presented in Table 3, the data we collected fitted with the model and resulted in
reasonable fit indices. The relationships between the indicators of the model are shown
in Table 4 and the correlation/covariance among the measurements are all positive in our
model. Furthermore, Table 5 and Figure 3 illustrate the standardized factor loadings and
parameter estimates for the structural model. Parameter estimates explain the effects of the
factors and indicators on each other [69].

As presented in Figure 3, our structural equation model consists of measurement
and structural components. The measurement component is shown using thin lines and
the structural component is presented using bolded lines [59]. The latent variables are

4 R code is included in Bayarmaa Byambaa. (2020). Pastoral space and mobility datasets [Data set]. Zenodo. http://doi.org/10.5281/zenodo.4379679
(accessed on 9 February 2020).

http://doi.org/10.5281/zenodo.4379679
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illustrated with ellipses, whereas rectangles represent our observed variables. The model
shows the association between three latent and seven observed variables and predicts the
changes in our measured variables with change in the latent variables. A minimum number
of indicators per factor is two, and one indicator may measure more than one domain [60].
Thus, in our model, two indicators related to the number of livestock measured the factor
of herd size strategy. The number of households on campsites also loads on two factors.
One loading for each factor is fixed to one to assign a metric to each factor [60].
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According to the model, both the total number of animals and the number of sheep
and goats grew, with the increase of the herd size strategy factor. Herd size strategy
increased by 0.59 of the standard deviation when the total number of sheep and goats
increased by one standard deviation. An increase in the herd size strategy also led to an
increase in the grazing land and a slight increase in the broad-scale pastoral movements.
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Moreover, 58% of the changes occurring in the herd size strategy influenced the grazing
land and pastoral mobility. When the grazing land increased by one standard deviation,
the herd size strategy increased by 0.44 of the standard deviation. Although, there is a
positive association between the herd size strategy and pastoral mobility, the effect of the
herd size strategy on pastoral mobility is small compared to its effect on the grazing land.

Table 3. Model fitting test and fit statistics assessed with cut-off-values.

Estimator ML

Optimization method NLMINB
Number of free parameters 18
Number of observations 200
Model Test User Model:
Test statistic 19.264
Degrees of freedom 10
p-value (Chi-square) 0.037
Model Test Baseline Model:
Test statistic 1044.957
Degrees of freedom 21
p-value 0.000
User Model versus Baseline Model:
Comparative Fit Index (CFI) 0.991 (cut-off value: CFI > 0.95)
Tucker–Lewis Index (TLI) 0.981 (cut-off value: TLI > 0.95)
Root Mean Square Error of Approximation:

RMSEA 0.068 (cut-off value: RMSEA < 0.06;
RMSEA ≤ 0.08 also acceptable)

Standardized Root Mean Square Residual:

SRMR 0.027 (cut-off value: SRMR < 0.08; SRMR
< 0.10 also acceptable)

Table 4. Correlation between the indicators of the structural equation model of spatial occupation of
grazing land.

Indicators 1 2 3 4 5 6 7

1 Total number of animals 1.0
2 Total number of sheep and goats 0.93 1.0
3 Total grazing orbit 0.36 0.36 1.0
4 Total length of daily herding movement 0.33 0.31 0.84 1.0
5 Total number of households on campsites 0.13 0.15 0.35 0.29 1.0
6 Total distance between campsites 0.06 0.07 0.37 0.34 0.43 1.0
7 Total distance between campsites inc. otor 0.18 0.20 0.46 0.40 0.41 0.86 1.0

Table 5. Standardized parameter estimates from the hypothesized structural equation model.

lhs op rhs est se z p Value ci.lower ci.upper std.all

Herd size
strategy =~ Total number of animals 1.000 0.000 NA NA 1.000 1.000 0.967

Herd size
strategy =~ Total number of sheep

and goats 0.589 0.045 13.157 0.000 0.501 0.676 0.957

Grazing land =~ Total grazing orbit 1.000 0.000 NA NA 1.000 1.000 0.980

Grazing land =~ Total length of daily
herding movement 0.816 0.063 12.908 0.000 0.692 0.940 0.860

Grazing land =~ Total number of
households on campsites 0.255 0.098 2.611 0.009 0.064 0.446 0.197

Pastoral mobility =~ Total number of
households on campsites 1.000 0.000 NA NA 1.000 1.000 0.338
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Table 5. Cont.

lhs op rhs est se z p Value ci.lower ci.upper std.all

Pastoral mobility =~ Total distance
between campsites 0.204 0.046 4.489 0.000 0.115 0.294 0.886

Pastoral mobility =~ Total distance between
campsites inc. otor 0.234 0.054 4.364 0.000 0.129 0.340 0.970

Grazing land ~ Herd size strategy 0.439 0.081 5.405 0.000 0.280 0.598 0.380
Pastoral mobility ~ Herd size strategy 0.089 0.042 2.110 0.035 0.006 0.171 0.176

Grazing land ~~ Pastoral mobility 0.137 0.040 3.451 0.001 0.059 0.214 0.444
Total number

of animals ~~ Total number of animals 0.040 0.041 0.970 0.332 -0.041 0.120 0.064

Total number of
sheep and goats ~~ Total number of sheep

and goats 0.018 0.014 1.286 0.198 -0.010 0.046 0.084

Total
grazing orbit ~~ Total grazing orbit 0.032 0.050 0.640 0.522 -0.065 0.129 0.039

Total length of
daily herding

movement
~~ Total length of daily

herding movement 0.181 0.038 4.809 0.000 0.107 0.254 0.260

Total number of
households on

campsites
~~ Total number of

households on campsites 1.016 0.103 9.889 0.000 0.815 1.218 0.785

Total distance
between

campsites
~~ Total distance

between campsites 0.002 0.000 3.945 0.000 0.001 0.003 0.216

Total distance
between

campsites inc.
otor

~~ Total distance between
campsites inc. otor 0.001 0.001 0.979 0.327 -0.001 0.002 0.059

Herd size
strategy ~~ Herd size strategy 0.577 0.074 7.813 0.000 0.433 0.772 1.000

Grazing land ~~ Grazing land 0.661 0.085 7.817 0.000 0.495 0.826 0.856
Pastoral mobility ~~ Pastoral mobility 0.143 0.065 2.201 0.028 0.016 0.270 0.969

=~—directional effects; ~~—(co)variances/correlations; ~—regression; lhs—left-hand side variable; op—the lavaan syntax operator;
rhs—right-hand side variable; est—parameter values; se—standard error for the standardized parameters; ci.lower—lower end of the
confidence interval; ci.upper—upper end of the confidence interval; std.all—standardized estimates on the variances of observed and
latent variables.

The indicators of grazing orbit, daily herding movement, and the number of house-
holds on campsites measure the grazing land. The number of households on campsites
along with the distance-related indicators measure pastoral mobility. The grazing land and
pastoral mobility co-vary positively. However, their effects on each other were found to
be insignificant.

5. Discussion

Compared to other statistical methods, complex relationships including latent con-
struct level hypotheses can be examined using SEM [70]. We modeled the spatial occupation
of grazing land and analyzed the relationships between the grazing land, pastoral mobility,
and the herd size strategy as unobserved latent constructs and we examined their associa-
tions with different measured variables. Structural parameters of SEM such as parameter
estimates are interpreted as effects of one variable on the other [69]. In the following
sections, we discuss the causal assumptions of our structural equation model.

5.1. Grazing Land

The grazing land is a latent variable, which represents the lived space in the concept
we used in this study. This variable characterizes fine-scale movements and home range
herding patterns in our model. According to the model specification, the number of
households on campsites also quantifies the grazing land together with the grazing orbit
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and the daily herding movement. Households on campsites are the pastoral land users
who define the land cover through how they decide to exploit the land area.

In our model, the grazing orbit represents the interconnected total home range grazing
areas at herders’ winter, summer, spring, autumn, and otor campsites. However, the current
methods used in EIA do not consider their connections as a series of land-use occupations.
It is important that our model explains this link for EIA. Moreover, it is noteworthy that
the model significantly links the pastoral land users with the pastoral areas and mobility
and recognizes them as participants in the production of the pastoral space. As the scale of
the grazing land and pastoral mobility is measured by how many pastoral land users share
grassland resources on specific campsites, the land-use agreements and rights established
between herders regulate the pastoral space in terms of how it is occupied. In fact, land
users indicate their land tenure right boundaries based on their personal views on local
dependency relations and social advocacy networks [71]. Thus, considering our conceptual
underpinning (Karplus and Meir [41]) which gives precedence to ideologies of social and
spatial connection, we can presume that our assumption about pastoral lived space is
credible. In other words, the grazing land measured by the herding patterns and pastoral
users is one of the key factors in the production of pastoral space.

Our model indicates that the grazing land has a strong positive effect on daily herding
movements, this can be interpreted spatially. When the grazing orbit is larger, pastoral
users practice long-distance herding, or reversely, the length of daily herding movement
tends to be shorter when the grazing land is smaller. In contrast to the relationship between
the grazing land and the daily herding movements, the grazing land has less effect on the
number of households in the campsites. Over the last eight years, the number of herder
households has increased by 17% in Mongolia [51]. With an increase in the number of
households, there is no significant increase in the grazing land while the size of rangeland
has stayed the same. This implies that the number of households on a specific campsite is
not influenced by the size of the grazing land.

The effects of the latent variables of grazing land and pastoral mobility on each other
were found to be positive, yet not significant. Herding on a smaller grazing area did
not increase broad-scale pastoral mobility. Previous studies have reported that social,
economic, and institutional factors limit the pastoral management decisions including
choices between broad or fine-scale pastoral mobilities [72–74]. In our study areas, herders
move a minimum of four times in different seasons between three to four distinct areas
each year and they kept such a customary pattern of pastoral land use in post-socialist
Mongolia [75]. In addition, seasonal movements are also related to climatic conditions.
Thus, it is also possible that such norms of pasture use make broad-scale pastoral mobility
more constant and independent of the fine-scale movements and size of grazing areas. On
the other hand, it is alarming that herders are not practicing broad-scale movements even
though when the number of animals increases in their grazing orbits as this might lead
to overgrazing.

If we turn now to the relationship between the grazing land and the herd size strategy,
the effect was found to be significant. The herd size strategy has a direct positive effect on
the grazing land and indirect effects on the daily herding movements of animals and the
number of households on seasonal campsites. The model suggests that with the increase in
the number of animals, the size of the grazing land will increase too. Moreover, the changes
in the number of animals on campsites would possibly affect the number of households
and the length of daily herding movements of animals.

5.2. Herd Size Strategy

The herd size strategy in our model is a latent variable measured by the total number
of animals and the total number of sheep and goats each herder household has at their
campsites. This factor represents the conceived space in our model and the herd size and
composition are influenced by this factor. In our study areas, pastoral land users herd five
types of livestock: sheep, goats, cattle/yaks, horses, and camels. The EFA revealed that the
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grazing patterns of horses and camels are not correlated significantly with the factors of
the model. The results suggest that particularly, the population of sheep and goats in the
herd composition plays a considerable role in how the pastoral space is used by herders
compared to other species. Sheep and goats have the ability to utilize a wide range of
food sources as well as to cope with harsh climatic conditions [76]. Thus, it is likely that
herding sheep and goats in home-range grazing areas is easier for herders due to their
diet behavior. Moreover, these factors further indicate that the movement of sheep and
goats better characterizes the spatial pattern of customary pastoral land use compared to
the movement of cattle/yaks, horses, and camels. Saizen, Maekawa et al. [77] also noted
that in contrast to other types of animals, goats have the greatest impact on grasslands in
Mongolia where the data for this study have been collected.

Furthermore, the model suggests that the herd size strategy was found to have a
direct effect on grazing land and pastoral mobility. In particular, the relationship between
the herd size strategy and the grazing land increased while the herd size strategy was
estimated to explain 44% of the variance that occurred in the grazing land. By contrast, only
9% of the changes occurring in pastoral mobility are explained by the herd size strategy.
The herd size strategy has a direct positive effect on pastoral mobility; however, the effect
was found to be minor. We hypothesized that the livestock population is the key indicator
in managing the pastoral space and it influences the grazing pattern of animals as well as
their movements. These parameter estimates support our hypothesis.

5.3. Pastoral Mobility

Pastoral mobility represents the perceived space in our model and is measured by
the total distance between campsites located in different seasonal grazing areas and used
for the purpose of extensive herding including areas for otor migration. These indicators
consider the number of campsites used by herders for seasonal migration as we observed
distances between campsites separately. It is interesting that pastoral mobility is measured
with otor migration and the number of households as this emphasizes the importance of
otor and herder households in nomadic pastoralism.

The herd size strategy was found to have a direct positive effect on pastoral mobility;
however, the effect is not significant. Mobile pastoralism has many advantages such as re-
silience to droughts [78]. However, research by Kerven, Robinson et al. [74] in Kazakhstan
has shown that the pastoralists are subjected to a number of limitations in using biophysical
niches such as lack of access to water resources and financial constraints, thus most pastoral-
ists’ choices of distributing their livestock are compromised despite the wide availability of
pasture areas. Moreover, in their study conducted in the Mongolian Altai, Lkhagvadorj,
Hauck et al. [73] revealed that herder families have reduced their seasonal migration due
to high transportation costs and climate change resulted in a shortage of fodder. In the
meantime, in this area, over the last 20 years, the livestock population has been increasing
in response to market demand for products such as cashmere [77] and decreasing due to
climatic factors such as dzud (severe winter) which killed millions of animals [51]. This
tendency supports the weak relation between the herd size strategy and pastoral mobility.
In other words, even though herders do not use all their seasonal migration campsites,
the livestock number may still increase. Liao’s [18] model on herding decision making in
southern Ethiopia also suggests that compared to community-level factors, households’
herd size plays a lesser role in the practice of extensive herding. Moreover, Karplus and
Meir [41] noted spatial mobility as a central characteristic that distinguishes nomadic from
sedentary societies and emphasized Lefebvre’s [42] view about social existence where he
argued that every society produces its own space and those societies failing to produce
their own space would disappear sooner or later. Thus, the nomadic pastoralists’ society
should maintain both fine and broad-scale herding mobility to sustain its social existence
and nomadic identity.

Lastly, the grazing land and pastoral mobility were shown to be dependent on each
other, however, the magnitude of their relationship is not significant. A study carried out by
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Adriansen [35] in northern Senegal noted pastoralists’ preference for moving around within
a small territory and their unwillingness to employ broad-scale movements themselves
whilst their herds still being quite mobile. The model indicates that broad-scale movements
between seasonal migration campsites do not decrease or substantially increase when the
size of grazing orbit is large, or the degree of fine-scale movements is extensive. Thus,
according to our hypothesized assumptions, the broad-scale movements are relatively
independent of the fine-scale movements, but still associated with each other.

6. Conclusions

The dynamic pastoral space occupied by herders is one of the most important pa-
rameters which needs to be understood and predicted in any impact prediction in EIA in
order to identify negative impacts associated with nomadic-pastoral land use. We used the
SEM technique, which combines factor and multiple regression analyses, for explaining
spatial occupation of grazing land for EIA. We specified a hypothesized structural equation
model of dynamic pastoral space based on Karplus and Meir’s [41] concept of pastoral
spatiality. We hypothesized that the grazing land, pastoral mobility, and the herd size
strategy are interrelated factors and together they produce the pastoral space. Moreover,
we hypothesized that these three factors are measured by grazing areas, both fine and
broad scale herding mobilities, the number of households on campsites, and the number
of animals. We estimated the structural relationships between land, mobility, and herd
in the case of Mongolian pastoralism and quantified the direct effects of these factors on
each other.

The assumptions tested in this study suggest that the herd size strategy has a direct
effect on the pattern of grazing land and pastoral mobility and their effects on each other are
all positive. Specifically, the findings indicate that the scale of the grazing land and pastoral
mobility depends on the grazing orbit, fine and broad scale movements as well as the
number of land users who are herding on particular seasonal campsites. Furthermore, the
herd size strategy has a significant positive effect on the grazing land compared to pastoral
mobility. This finding was unexpected and suggests that individual herder households’
decision-making regarding herd size and composition has more of an effect on fine-scale
pastoral movements in their home range grazing areas than broad-scale extensive mobility
between their seasonal campsites. The grazing land and pastoral mobility, in turn, covary
but not considerably. Nevertheless, this study suggests that pastoral mobility is still one of
the fundamental characteristics of the pastoral space associated with pastoral land use and
herd size strategy in Mongolia.

We hope these results contribute to broadening the perspective of EIA methods with
respect to predicting impacts associated with nomadic-pastoral land use. Particularly, our
findings provide evidence with regard to identifying impact zones in EIA that impacts
of the project on herd size strategy at a specific campsite significantly affect the size of
grazing areas, pastoral mobility, and the number of herder households. Thus, this study
extends EIA’s knowledge of the impact zones associated with nomadic-pastoral land use.
Moreover, EIA impact prediction should consider grazing areas as a dynamic space which
are shaped by herd size, composition, and mobility instead of looking at campsites as a
static physical space. Therefore, EIA should distinguish impacts on pasture lands paying
more attention to the details related to herding, specifically, to grazing orbits, fine and
broad-scale herding movements including otor, livestock species, the number of animals as
well as households at campsites.
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