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Abstract: The human–environment relationship is bidirectional, meaning that human attitudes and
behavior to nature are at the root of environmental change, while changes in the environment affect
human attitudes and behavior. It is necessary to analyze the human–environment relationship
from two aspects: (a) Whether there is a good objective basis for maintaining an environment,
and (b) whether people report that they are satisfied with that environment. This study attempted to
construct a framework to evaluate the human–environment relationship considering these two aspects.
The framework consists of three parts: Traditional evaluation, indicator construction, and evaluation
considering the relationship between subjective and objective assessment. Traditional evaluations
consist of subjective evaluations and objective assessments. Indicator construction focuses on putting
forward indicators that quantitively evaluate the human–environment relationship, considering the
results of objective assessments and subjective evaluations. The indicators introduced in this study
include MD (match degree) and OSC (objective assessment and subjective evaluation comparison) to
explain the difference and the relationship between objective assessments and subjective evaluations
of the environment. Then, based on the indicator value, a matrix containing four situations (Match-H,
Match-L, H-L, and L-H) was constructed to explore why a human–environment relationship may
not be harmonious. Since the upper Minjiang River basin is a typical area, because of its intensive
human activity, as well as its fragile ecological environment, this study chose it as a case study and
used it to verify the framework. Through the framework construction and application, this study
found that: (1) The framework of this study provided a more comprehensive method to evaluate
the human–environment relationship; (2) as the subjective evaluation was based on individual
comprehensive tradeoffs, the evaluation combining the subjective and objective assessment was more
accurate; (3) environmental conditions were the basis, and human activities were the key factors,
for the coordination of human–environment relationships; so the matrix put forward in this study
was necessary for finding the cause of human–environment incongruity.
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1. Introduction

A substantial body of literature has been published examining the human–environment
relationship. In these studies, the human–environment relationship was evaluated from at least
two different perspectives: Object-based assessment and subject-based evaluation.

Object-based assessment focuses on the relationship between an ecological system and a human
societal system, considering in particular the relationship between intensity of development and
ecological vulnerability. Traditional analysis includes index evaluation, as well as a spatial analysis.
Index evaluation mainly uses a method of constructing an index system that includes the social
economic index and the resource environment index. Gao Chao et al. evaluated human–environment
systems through evaluating the vulnerability of eco-environment systems, economic systems, and social
systems, separately, using the vulnerability indicator system [1]. Spatial analysis was conducted based
on mapping GIS, with focus on spatial exploration of social–ecological systems. Alessa et al. identified
social–ecological “hotspots” using mapping GIS [2]. Hamannet al. presented an approach to mapping
social–ecological systems based on bundles of direct ES use [3].

Subject-based evaluation was mainly carried out from the perspective of environmental psychology,
mostly related to environmental attitudes and behavior, such as environmental identity [4–6],
connectedness to nature [7–9], and commitment to the environment. Based on the hypothesis
that a positive attitude to the environment is an important factor for pro-environmental behavior,
and that pro-environmental behavior is beneficial for human–environment congruity [10], a large
number of studies have focused on analyzing whether different environmental attitudes are related to
varied environmental behavior. Hinds and Sparks reported that affective connection is a significant
independent predictor of intention to engage with the natural environment [6]. Whitmarsh and
O’Neill put forward that pro-environmental self-identity was a significant predictor for certain
pro-environmental behavior [11]. Davi et al. explained how commitment to the environment predicted
general ecological behavior and willingness to make sacrifices for the environment [12].

The human–environment relationship is bidirectional, meaning that human attitudes and behavior
to nature are at the root of environmental change [13], while changes in the environment affect human
attitudes and behavior. Paul M Muchinsky reported that there are two types of human–environment
congruence: Supplementary and complementary. Supplementary congruence is the connection between
an individual and a group of people who comprise an environment. Complementary congruence is the
match between an individual’s talents and the corresponding needs of the environment [14]. As a result,
more and more scholars have put forward that it is necessary to analyze the human–environment
relationship from two aspects: (a) Whether there is a good objective basis for maintaining an
environment, and (b) whether people report that they are satisfied with that environment [15,16].
The former is referred to as “objective” because it involves general measures of the qualities of the
environment, while the latter is referred to as “subjective” because it relies on self-reporting tools
through which a person expresses their own observations and evaluations [17,18]. While scholars have
realized the importance of combining subjective cognition and objective bases for the study of the
human–environment relationship, research proposing methods of evaluating the human–environment
relationship that consider the relationship between subjective evaluation and objective assessment was
lacking. Gabriel Moser proposed a framework for connecting objective assessments of an environment
and subjective expressions of individual feelings. The framework provides a matrix containing four
situations: (1) Good objective conditions with environmental satisfaction; (2) good objective conditions
with environmental dissatisfaction; (3) bad objective conditions with environmental satisfaction;
and (4) bad objective conditions with environmental dissatisfaction [18]. Ilaria Rodella chose five
parameters to compare the physical and social assessments of selected beaches and integrated
the CSES and UP parameters through sector analysis, modifying the sectorial table proposed by
Rangel-Buitragoetal and Williamsetal [19].

Considering all the above, this article tried to answer three questions: (1) Whether, in addition to the
theoretical framework, we can put forward a method to quantitively evaluate the human–environment
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relationship considering the results of objective assessments and subjective evaluations; (2) whether
we can apply an indicator to quantify the difference between objective assessments and subjective
evaluations; and (3) how we can identify the reason human–environment relationships are incongruent.

Based on the target stated above, the article was organized as follows. Section 2 introduces the
framework development. Section 3 presents the application of the framework. Section 4 gives a
discussion about the framework while Section 5 draws some conclusions.

2. Framework Development

The framework consists of three parts (Figure 1), including traditional evaluation,
indicator construction, and evaluation considering the relationship between the subjective and
objective assessment. Traditional evaluations consist of a subjective evaluation and objective
assessment. Indicator development focuses on proposing indicators that quantitively evaluate
the human–environment relationship considering the results of objective assessment and subjective
evaluation. Evaluations considering the relationship between subjective and objective assessment
attempts to qualitatively analyze the human–environment relationship, as well as give the suggestion
of coordinating human–environment relationship according to the results of indicator calculation and
comparison among regional characters. The first two parts were inclined to quantitative analysis,
and the third part was inclined to qualitative analysis.
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Figure 1. Framework of human–environment relationship evaluation.

2.1. Traditional Evaluation

2.1.1. Objective Evaluation

The objective evaluation included three parts: The first was an evaluation of the comprehensive
intensity of human activity; the second was an evaluation of natural ecosystem vulnerability; and the
third was an evaluation of human–environment relationship in villages. The first and second parts
were based on the raster data and analyzed from a geographical space, the third part was based on the
results of the first two and analyzed from an administrative space (Figure 2).
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(1) Evaluation of Comprehensive Intensity of Human Activity

With the help of GIS spatial analysis, comprehensive intensity was analyzed, including settlement
activity intensity and road construction intensity.

Human activity intensity varied significantly with the degree of population agglomeration,
so settlement population density was taken as the basic value of human activity intensity of the
settlement center grid I; i.e., source intensity. The source intensity was calculated as follows.

Mn = (Pi × vij/Vi)/Aij (1)

where Mn is the source intensity of the settlement center grid in village i, Pi is the total population of
village i, vij is the residential area of settlement j in village i, and Vi is the total residential area of village
i, Aij is the total area of settlement j in village i. After calculating the source intensity of the center grid
in different settlements, the settlement intensity was calculated as follows:

ISm = Mn − S × lnR (2)

where ISm is the human activity intensity of grid point m whose distance from the settlement center
grid n is R, Mn is the source intensity of the settlement center grid n, and S is the slope correction factor
(the greater the slope, the greater the resistance to human activity intensity spread, so we set 25◦ as a
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threshold; when the slope is more than 25◦, the settlement activity is no longer spreading). R is the
distance from grid point n to grid point m.

Expert scoring methods and the analytic hierarchy process (AHP) were used to determine the
source intensity of roads of different grades (IRm), which was taken as the intensity value of the grid of
the road center point. Considering the road distance attenuation effect of radiation to the surrounding
areas, as well as the impact of topography on radiation limits, and using the inverse distance weighting
method (IDW), with the slope as a limiting factor for spatial interpolation, when the slope is greater
than 25◦, the strength value is 0.

After calculating the settlement activity intensity and road construction intensity, using overlay
analysis in GIS, the comprehensive intensity of human activity was calculated.

Im = WsISm + WRIRm (3)

where Im is the comprehensive intensity of human activity of grid m, Ws and WR is the weight of
settlement activity intensity and road construction intensity, ISm is the settlement activity intensity of
grid point m, and IRm is the road construction activity intensity of grid point m.

Finally, based on the result, the layer of comprehensive intensity of human activity was divided
into four levels, where ‘level 1′ meant human activity was low and ‘level 4′ meant human activity
was high.

(2) Evaluation of Natural Ecosystem Vulnerability

Considering the erosion risk and disaster risk, the natural ecosystem vulnerability was calculated.
Firstly, considering rainfall erosion, relief degree of land surface, soil erodibility, and vegetation

coverage, as well as the soil erosion situation, the erosion risk were obtained. The result was divided
into three levels, including low, general, and high, through the natural fracture method in GIS.
Then, using overlay analysis in GIS, the erosion risk layer and disaster risk layer was overlaid and,
according to the discriminant standard (Table 1), the natural ecosystem vulnerability was calculated.

Table 1. Discriminant standard of natural ecosystem vulnerability evaluation.

Disaster Risk

Erosion Risk
Low General High

Low Low low General
General Low General High

High General High High

(3) Evaluation of Human–Environment Congruity of Villages

Based on the result of the evaluation of the comprehensive intensity of human activity and natural
ecosystem vulnerability, the human–environment congruity of geographical space was obtained
using the overlay method. Focus group discussions (FGD) were conducted in order to determine
the discrimination model of human–environment congruity (Table 2). The focus group consisted
of sixteen experts from the Chinese Academy of Sciences, Yunnan University, Sichuan University
and Sichuan Normal University. Experts debated the issue that human activities and environment
conditions, which had a greater impact on the human–environment relationship. Through discussion,
most of the experts thought human activities had a slightly larger impact on human–environment
relationship, so the discrimination model first focuses on human activity intensity, and then integrated
the environment conditions. Based on the conclusion, this study divided human–environment
congruity into five categories, including excessive area, antagonism area, background area, balanced
area, and harmonious area.
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Table 2. Discrimination model of human–environment congruity.

The Fragility of Natural Ecosystems

Human Activity

Lowest Low General High

Low Balance Balance Harmonious Harmonious
General Background Background Antagonism Antagonism

High Background Background Excessive Excessive

Excessive area means intense human activity within a fragile ecological environment; antagonism
area means the human activity was generally high while the ecological environment was generally
fragile. The areas with low human activity and fragile ecological environment were divided into
the background area, while balanced area included the areas with low human activity and a healthy
ecological environment; harmonious area means human activity was intense in the area but the
ecological environment was not fragile.

As we focus on the human–environment congruity of villages, the value assignment of different
categories is necessary in order to obtain the human–environment congruity of administrative space.
Through the focus group discussions (FGD), the value assignment was determined (Table 3) and
the human–environment congruity of different villages is calculated. Using spatial analysis in GIS,
including the natural fracture method, the village was divided into five categories: The higher the
value, the more harmonious the human–environment congruity.

Table 3. Assignment of human–environment congruity.

Category Excessive Antagonism Background Balance Harmonious

Value 0 1 2 3 4

2.1.2. Subjective Evaluation

The data of subjective evaluation was acquired from the questionnaire. We hypothesized that
cognition on a single environment (such as air condition, water condition, etc.) affected cognition
on the overall environment; the findings of our investigation supported this hypothesis. Therefore,
in addition to the demographic questions, the questionnaire included two components that refer to
environment cognition. One was focused on a single environment and the other on the comprehensive
perception. Most of the questions were closed questions. These questions were developed to measure
attitudes to the environment on a three-point scale from ‘well’ to ‘bad’ (e.g., What do you think of the
situation of vegetation and the change of vegetation? What do you think of the living environment in
this village? What do you think of the effect of human activity on the environment, such as farming,
industry, road construction, or tourism development?)

Meanwhile, a small number of questions were semi-closed questions to get more information
from these questions (e.g., How is the environment changing, for better or worse? What causes this
change? Do you think the environment was suitable for living and why?)

The subjective evaluation model was based on closed questions and, through the focus group
discussions, the AHP method was used to determine the weight of two components, as well as different
factors were determined. The model was as follows:

HECS_E = W1

∑n

i=1
wixi + W2

∑m

j=1
w jx j (4)

where HECS_E means the subjective evaluation of human–environment congruity; W1 and W2 were
the weight of two components; wi was the weight of xi in component 1 and xi was the factor about the
cognition of a single environmental component, such as air condition, land quality, etc., in component
1; wj was the weight of xj in component 2 and xj was the factor on comprehensive perception and
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attitude to the comprehensive environment in component 2. The higher the value of HECS_E was, the
more harmonious the human–environment congruity. This study then divided the HECS-E into three
categories including harmonious, general, and inferior. The percentages of different categories were
calculated; the category with the highest proportion is the result of a subjective evaluation of the village.

2.2. Indicator Construction and Calculation

In order to combine the objective assessment and subjective evaluation, this study put forward two
indicators including match degree (MD), objective assessment and subjective evaluation comparison
(OSC) which included two sub-indices higher degree (HD) and lower degree (LD). MD was used
to evaluate the difference between the objective assessment and subjective evaluation. The value of
MD was higher; the difference between the object assessment and subjective evaluation was smaller.
OSC was used to determine the relationship between objective assessment and subjective evaluation.
For quantitative evaluation, this study provided the calculation model of MD, HD, and LD.

MD =
Ns

T
(5)

HD =
Nh
T

(6)

LD =
Nl
T

(7)

where MD meant the match degree, HD meant the higher degree, and LD meant the lower degree;
Ns was the number of households where the subjective evaluation was the same with the objective
evaluation (i.e., in the objective evaluation, the village belongs to the general level and in the subjective
evaluation, the household thinks the village belongs to the general level), Nh was the number of
households that the subjective evaluation was higher than the objective evaluation (i.e., in the subjective
evaluation, the household thinks the village belongs to the harmonious level while the village was
inferior in the objective evaluation), Nl was the number of households where the subjective evaluation
was lower than the objective evaluation (i.e., in the subjective evaluation, the household thinks the
village belongs to the inferior level while the village belongs to the general level in the objective
evaluation); T was the total number of households in the village.

2.3. Evaluation Considering the Relationship between Subjective and Objective Assessment

In addition to quantitively evaluation, a matrix was then constructed. It included four situations
(Table 4).

Table 4. Matrix of comparison between subjective evaluations and objective assessment.

Obj-Assessment

Sub-Evaluation
High Low

High Match-H L-H
Low H-L Match-L

Through the matrix, the human–environment relationship could be evaluated. The H-L
or Match-H areas were human–environment congruous area, while the L-H or Match-L areas
were human–environment incongruous areas. Based on the comparison between the regional
characteristics of human–environment congruous areas and human–environment incongruous areas,
regional differences were obtained. Additionally, based on it, the suggestion of coordinating
human–environment was provided.
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3. Application of the Framework

3.1. Study Area

The Upper Minjiang River basin refers to the reaches above Dujiangyan. Areas covered by the
tributaries include the Wenchuan County, Mao County, Li County, Songpan County, Heishui County.
It is located in the northwest Sichuan Basin, east of the Aba Tibetan autonomous Prefecture, east of the
Qinghai-Tibet Plateau, and on the east margin of the Hengduan Mountain. It is located at 30◦45′~33◦09′

N and 102◦35′~103◦56′ E. The upper Minjiang River basin covers an area of approximately 24,000 km2.
The Upper Minjiang River basin is a key area of the upper reaches of the Yangtze River; it features

complex geological conditions, abundant resources, and species diversity. The ethnic composition and
economic development are very typical, not only effectively reflected in the development characteristics of
the upper reaches of the Yangtze River, but also as an important epitome of the development of mountainous
areas in China. For these reasons, we chose The Upper Minjiang River basin as our study area.

Furthermore, based on the sixth census of China (2010), the total population in the upper Minjiang
River basin is 385,200 [20], with major population distribution in river valleys and mountain terraces.
With the advantages of transportation and location, Wenchuan County and Maoxian County gather
more than half of the total population of the upper Minjiang River basin, with the population in Li
County the smallest. Meanwhile, the topographic conditions and ecological vulnerability in these
three counties were more complex. We chose villages in these three counties as sample villages.

Based on objective evaluation of human–environment congruity, villages were divided into five
levels by the natural fracture method of ARCGIS (Table 5), the classification criteria were as follows:
(I) 0–1.72, (II) 1.72–2.13, (III) 2.13–2.58, (IV) 2.58–3.26, (V) 3.26–4.86. Next, the random sampling method
was used to select typical sample villages with different human–environment congruity. Due to the
large difference in the number of villages in each level, unequal proportion random sampling was
selected, with each level set to extract a number according to the total number. Finally, we chose 12
villages as sample villages (Figure 3, Table 6).

Table 5. The value of human–environment congruent of village.

Name Value Name Value Name Value

YGM4 3.17 GK1 1.56 NZ1 1.69
XMX4 3.25 QD2 2.12 SL5 3.45

JZ5 3.55 MT1 1.72 WMG2 1.93
MK3 2.52 AX3 2.54 HTG2 1.91

Table 6. The characteristics of sample village.

Village Name Characters

YGM Nearby factory
XMX Nearby factory, located at the debris flow gully

JZ Agriculture (vegetable) and tourism
MK Agriculture (fruit trees) and tourism
GK The relocation village
QD The relocation village, Tourism
MT Tourism
AX Agriculture (fruit trees), Nearby wetland park
NZ near by the town of Mao County
SL Agriculture (vegetable)

WMG Agriculture (vegetable), near by the project of railway construction
HTG Agriculture (vegetable), near by the project of railway construction
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3.2. Data Source

3.2.1. Spatial Data and Procedure

The spatial data used in this study included spot-5 image data (Panchromatic resolution ratio of
5 m, 2013), DEM. We utilized remote sensing images in Google Earth for supplementing data (Spot 5
and Spot 4 images, 10 m; 2013). Furthermore, we used the vector data of disaster distribution (2013),
hazard risk data, soil erosion data, and NDVI data of the upper Minjiang River basin.

Based on the Spot-5 image data and remote sensing images in Google Earth, the rural settlements
and roads were interpreted; these data were used to analyze human activity intensity. Based on the
DEM data, the relief degree of the land surface was calculated and used for analyzing the natural
ecosystem’s vulnerability.

3.2.2. Investigation Data and Procedure

There were four field investigations from 2013 to 2016. The first investigation started on 17
November 2013 in Wenchuan County and ended on December 8th, in Songpan County. During this
investigation, we focused on getting an overall understanding of the upper Minjiang River basin and
getting information from the governments of different county. The second field work period started on
28 July to 13 August 2014, checking the results of our visual interpretation of the settlements in this
investigation. The third investigation ranged from 28 July to 5 August 2016, looking at the objective
evaluation of human–environment congruity and choosing sample villages for further investigation.
The last field investigation was from 28 August to 4 September 2016 when, based on the sample village
choice, we finished the questionnaire survey and deep interviews with the village chief and villagers.
Through these field investigations, we not only got a clear understanding of the whole situation in the
upper Minjiang River basin, but also the problems in the upper Minjiang River basin.

During the questionnaire survey, all participants received a four-page questionnaire concerning
personal characteristics and their perceptions and attitudes to the natural environment.

To gain a better understanding from interviewees, we interviewed them one to one. If the
interviewee did not understand the question, we explained it to them. Interviewers asked questions
at random and the questions could be mutually corroborating, so that we could check whether the
answer was true. Finally, 319 questionnaires were issued and 301 were returned. Participants in the
investigation were broadly demographically representative of the population sampled (Table 7).
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Table 7. Statistics on the participants.

Variables Category Amount Percentage (%) Variables Category Amount Percentage (%)

Sex
Male 167 55.48

Household Income

None 7 2.33
Female 134 44.52 Up to 5000 43 14.29

Age

18–25 22 7.31 5001–10,000 39 12.96
26–40 80 26.58 10,001–20,000 66 21.93
41–50 78 25.91 20,001–30,000 55 18.27
51–60 49 16.28 30,001–50,000 54 17.94

61 and over 72 23.92 50,001–100,000 28 9.30

Ethnic

Han 70 23.26 Higher than 100,000 9 2.99
Qiang 178 59.14

Source of Income

Farming 170 56.48
Zang 52 17.28 By-business 5 1.66
Hui 1 0.33

Education

Primary School and Below 177 58.80 Employee 85 28.24
Junior High School 89 29.57

Senior High School 24 7.97 Individual Business
Operation 17 5.65

Junior College 7 2.33
Undergraduate College and Above 4 1.33 Other 24 7.97
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3.3. Results

3.3.1. The Objective Evaluation

Through the objective evaluation, the spatial differences of human–environment congruity were
obvious. There were 215 villages with a high value (2.59–4.86) of human–environment congruity,
accounting for 35.54% of the total villages. Most of these villages were located in the north of the upper
Minjiang River basin, including Songpan County and Heishui County. There were 253 villages with a
low value (0–2.12) of human–environment congruity, accounting for 41.82% of the total villages. Most of
these villages were distributed in the south of the upper Minjiang River basin, such as Wenchuan
County, Li County, and Mao County

The univariate Moran’s I analysis gave a Moran’s value of 0.52, meaning the human–environment
congruity of the upper Minjiang River basin was positively spatially correlated. According to
Moran’s scatter plot (Figure 4), the main cluster type was high–high cluster (a village with high
value of human–environment congruity was surrounded by villages also having a high value of
human–environment congruity) and low–low cluster. There were 205 and 280 villages belonging to
first quartile and the fourth quartile, respectively, accounting for 33.89% and 46.28% of the total villages.
There were only 72 and 48 villages belonging to the second quartile (low–high cluster) and the fourth
quartile (high–low cluster), accounting for 11.9% and 7.93%, respectively.
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The local Moran’s I analysis revealed exactly where the cluster was. Through the analysis, the ‘hot
spots’ (i.e., areas with a high value of human–environment congruity) of were mainly concentrated in
Songpan County and the south of Wenchuan County, while the ‘cold spots’ (i.e., areas with a low value
of human–environment congruity) were mainly located in the contiguous area between Wenchuan
County, Mao County, and Li County.

3.3.2. The Subjective Evaluation

According to the subjective evaluation (Figure 5), the 12 villages were divided into four categories.
MK, NZ, and SL were the first category. The percentage of harmonious was highest in these villages,
accounting for 68.18%, 52.78%, and 52.17%, respectively, all exceeding 50%. JZ, QD, GK, and AX were in
the second category. The proportion of different types (harmonious, general, and inferior) was equally
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distributed in these villages, all around 30%. MT was the third category. The percentage of ‘general’
was highest (more than 50%) while ‘inferior’ was lowest (around 10%). YGM, HTG, XMX, and WMG
were the fourth category. In contrast to the first category, the percentage of inferior was highest in
these villages, accounting for 70.83%, 90.47%, 79.17%, and 57.14%, respectively, all exceeding 50%.
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3.3.3. The Results of MD and OSC

According to the MD (match degree) value (Figure 6), HTG village was highest, with a value of
0.9, while YGM village was lowest with a value of 0. There were three villages in which the MD was
higher than 0.5. Six villages had a MD between 0.2 and 0.5. Three villages had a MD less than 0.2.
One village belonged to Match-H (SL village) and two villages belonged to Match-L (HTG village and
YGM village).
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Figure 6. Results of MD (match degree) and OSC (objective assessment and subjective
evaluation comparison).

According to the OSC value (Figure 6), the HD (higher degree) and LD (lower degree) was
calculated. The HD value of MT, NZ, MK, GK, and QD village was high, meaning that the villagers
thought the human–environment relationship is better than the actual situation (from the objective
evaluation). The HD value of MT was highest and the value was 0.88. The value of NZ, MK, GK,
and QD were 0.75, 0.68, 0.67, and 0.55, respectively. The LD value of the YGM, XMX, JZ villages was
high, meaning the villagers thought the human–environment relationship is worse than the actual
situation (objective evaluation). The LD value of YGM was highest with a value of 1. The LD value of
XMX and JZ was 0.875 and 0.619. The LD value of SL and WMG were 0.47 and 0.42. The HD value
and LD value was equal in the AX village (around 0.3). According to the HD value and LD value,
three villages belonged to L-H (YGM, XMX, JZ village) and two villages belonged to H-L (MT, NZ,
MK, GK, QD village).
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4. Discussion

4.1. The Framework of this Study Provided a More Comprehensive Method to Evaluate the
Human–Environment Relationship

The purposes of the objective evaluation and subjective evaluation were different. The objective
evaluation focuses on the problem of finding or judging the suitability of human activities, while
the subjective evaluation was more helpful to understanding the state of the human–environment
relationship during the process of development. Furthermore, in addition to the environment itself,
subjective cognition was very important; this was helpful for searching for annoyance explanations
in a wider stimulus context [21]. Therefore, combining the objective and subjective evaluation was
important to examining the human–environment relationship and was helpful for finding areas where
the human–environment relationship needs to be adjusted. Therefore, the framework of this study
provided a more comprehensive method to evaluate the human–environment relationship.

There were three situations needing special attention. The first indicator was Match-L, it meant
that the region was not suitable for human activity from the objective aspect and the subjective
evaluation was the same. For example, HTG village belongs to Match-L. HTG village located at Mao
County and closed to a debris flow gully. Due to the high relief degree of land surface, the farmland was
limited. The objective assessment reported it was not suitable for human activity while the subjective
evaluation was inferior due to the limited land and effect of mountain hazards.

The second indicator was L-H, it meant that the differences between objective and subjective
evaluation was significant. From the objective aspect, the region was suitable for human activity,
however, from the subjective aspect, the human–environment relationship was not the same with the
objective evaluation. This region needs to pay more attention in order to find out why the subjective
evaluation was not as good as objective evaluation and the way to prompt the human–environment
relationship. It was worth noting that the socio-economic and demographic variables also play a role
in subjective evaluation, such as the match between an individual’s talents and the corresponding
needs of the environment or the sense of fulfillment and beauty in front of a certain environment [14].
Therefore, the key of human–environment coordination in these areas was speculating the reasons for
low subjective assessment considering the socio-economic and demographic variables. For example,
YGM village and XMX village belonged to L-H. Through the analysis of the socio-economic and
demographic variables, as well as the characteristic of the villages, it showed that the development of
industry was the main reason for low subjective evaluation. This indicates that the human–environment
relationship in this region had a tendency to deteriorate, which needed special attention.

The third indicator was H-L. From the objective perspective, the region was not suitable for human
activity; however, from the subjective perspective, villagers were satisfied with the environment and
thought that the human–environment harmonious. For example, the MD value of MT village and MK
village was low while the objective evaluation was inferior or general. This result indicates that the
appropriate development was more important for human–environment coordination. Tourism was
one of the green developments, even though the objective evaluation of MT village and MK village was
relatively low, the development of tourism promoted the human–environment coordination. Therefore,
the subjective evaluation was high. The key of human–environment coordination in these areas was
analyzing the development model and providing reference models for other regions.

Therefore, the Match-L, as well as the L-H and H-L, were more comprehensive indicators
to evaluate the human–environment relationship to effectively guide and coordinate the
human–environment relationship.

4.2. As the Subjective Evaluation Was Based on Individual Comprehensive Tradeoffs, the Evaluation Combining
the Objective Assessment Was More Accurate

Drawing on relevant theories of cognitive psychology, environmental satisfaction is necessarily
purposive; i.e., it depends on people’s goals and focus [21,22]. In other words, human cognition
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concerning the environment is based on the objective environment and influenced by the comprehensive
effect of subjective factors, such as their own environmental protection consciousness, or personal
benefit to come from development, family income, source of livelihood, etc. Evaluating human
environment only from the subjective perspective would be biased. Therefore, the framework
provided in this study which combines the objective and subjective evaluation was more accurate
for exploring the human–environment relationship. The results of this study confirmed this. Known
from the case analysis, most residents in XMX village thought (in the subjective evaluation) that the
human–environment relationship was depleted by industry development. However, the few residents
working in the factory whose income from the enterprise was their main source of household income
thought the human–environment congruity was general.

• ‘I worked in the factory since its construction. The effect of this factory on the environment was
small. The gas discharged from the factory was treated and did not pollute the environment.’
one of the residents who worked in the factory said [23].

GK village was a relocation village due to hydropower construction and disaster avoidance projects.
Half of the new village was the hydropower construction relocation (we called it village A) while the
other was disaster avoidance relocation (we called it village B). The government unified planning and
construction of the new village. Compared to the original village, the living conditions in the new village
were much better; however, attitudes to the environment were obviously different among residents.
Most of the residents from village A thought the human–environment congruity was harmonious or
general while a large number of residents from village B thought the human–environment congruity
was general or inferior. The reason for this difference was that the farmland of village B remained
in the original village so residents had to abandon cultivated land because of the walking distance.
More importantly, due to a lack of skills, most residents could not find a job other than farming.
The attitudes to the environment were the result of the overall balance of advantages and disadvantages
for individuals.

• ‘Our farmland was not relocated to this village. Because of the distance, I cannot get to the original
village on foot. I must go back by motorcar or bus to farm. It takes 100 minutes to go back and
forth. So I had to give up farming. However, I don’t know any other work except farming. I want
to move back to the original village, even if there is a threat of disaster,’ one of the residents of
village B said [23].

Village AX gives empirical evidence about how environmental protection consciousness affects
the perception of the environment. AX village was close to a tourism park famous for its skiing.
The construction of the ski resort had an impact on the surrounding environment, such as reducing
grassland. Villagers who did not care about environmental protection were satisfied with the
human–environmental relationship, while villagers who paid attention to environmental protection
thought the human–environmental relationship worsened with the construction of the ski resort. As a
result of the subjective evaluation, AX was balanced (the proportion of each type, harmonious, general,
and inferior, were equal).

4.3. Environmental Conditions Are the Basis, and Human Activities Are the Key Factors for the Coordination of
Human–Environment Relationship, so the Matrix Put Forward in this Study Is Necessary for Finding the Cause
of Human–Environment Incongruity

The human–environment relationship is bidirectional, as human attitudes and behavior to
nature are at the root of environmental change, while changes in the environment affect human
attitudes and behavior. Furthermore, with the change of human’s cognition and utilization ability
of environment, the influence of environment also changes accordingly. Therefore, actually in the
human–environment relationship, “human” is in the active position. Whether the human–environment
relationship is harmonious or contradictory depends more on human cognition and activities. As a
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result, it is necessary for finding the cause of human–environment incongruity to combine subjective
cognition. The case study confirmed this conclusion. Combined objective and subjective assessments
found out the following: (1) Improper industry development in an area of human–environment
congruity caused deterioration in the human–environment relationship; (2) tourism development
would promote coordination of the human–environment relationship in regions with relatively low
human–environment congruity.

Firstly, the situation seen in the XMX and YGM village show that even in areas where
human–environment relationship are harmonious, improper industry development was not conducive
to human–environment relationship [23]. These two villages are located in Wenchuan County, north of
the upper Minjiang River basin. From the objective evaluation, the ecological vulnerability of XMX and
YGM village was low. Furthermore, the location advantage of these two villages was obvious—close to
Chengdu, the capital of Sichuan province. Furthermore, it was near the highway exit, so transportation
was very convenient and the government made the main core area for economic development in
the upper Minjiang River basin. Industrial parks were laid out here. From the objective viewpoint,
human–environment congruity should have been harmonious (intense human activity in an area with
low ecological vulnerability). However, the MD indicator show that the MD values of YGM village and
XMX village were very low. The objective evaluation of YGM village and XMX village was harmonious
while the subjective evaluation of these two villages was inferior. Due to the cement plant, the air was
polluted and the vegetation was affected, turning yellow. Villagers thought the environment was no
longer suitable for living.

• ‘In the past, the environment of the village was very good; because of the construction of the
factory, the air was not good, there was often a pungent smell, the leaves were smoked yellow,
and some of them were directly dry,’ an old villager in the XMX village said.

Secondly the MK village, MT village, and QD village provided empirical evidence that tourism
development would promote coordination of the human–environment relationship in regions with
relatively low human–environment congruity. From the objective evaluation, human–environment
congruity in these three villages was low or general, due to their low ecological vulnerability with high
human activity intensity. Known from the HD indicator, the HD value of MT village, MK village and QD
village was 0.88, 0.68, and 0.55, respectively, meaning the subjective evaluation of human–environment
congruity was much higher than the objective evaluation. Of the villages where the objective evaluation
was inferior or general, only these three villages developed tourism. The leading industry of MT
village was tourism, while it was agriculture and tourism in MK and QD villages.

Tourism development prompted human–environment congruity in these three villages. On the one
hand, villagers paid more attention to environmental protection in order to increase the attractiveness of
the village and promote tourism development. On the other hand, because of the tourism development,
villagers could stay home instead of going out to work. As a result, from the subjective viewpoint,
people felt that the human–environment relationship was harmonious. It is worth noting that the
better the tourism development, the higher the subjective evaluation of human–environment congruity
was. Tourism in MT was operated by a company, MK village was a spontaneous tourism village,
and the government guided QD village to develop tourism. There was little difference between these
three villages. MT was already a 4A scenic spot, relying on attractions to bring in visitors. MK focused
on experiential tourism, relying on fruit picking. QD was a relocation village, built into a cultural
experience base and relying on an experience of the life of a Tibetan family. As a result, among these
three villages, MT village had the best tourism development, followed by MK village and QD village.

5. Conclusions

Our exploration extends the existing literature, providing a framework to evaluate the
human–environment relationship. This framework included two key parts, quantitative analysis and
qualitative analysis. The quantitative analysis put forward two indicators, as well as four situations to
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quantify the difference between objective assessment and subjective evaluation of human–environment
relationship. The qualitative analysis was conducted to get the regional difference among the areas with
different human–environment relationships, and then through summarizing the reasons for regional
differences, the cause about human–environment incongruency was identified. The framework was
verified and can be applied to other regions.

However, there were some limitations of this study. Firstly, the socio-economic and demographic
variables also play a role in subjective evaluation, but this study did not pay attention to analyzing
the influence of personal characteristics on the differences between the objective assessment and
subjective evaluation, so the next step is to explain the coupled mechanism of personal characters and
regional characters that led the difference between objective assessment and subjective evaluation
through the HLM model. Secondly, considering the application of the model, there were only two
parameters to assess the human impact: Settlement activity intensity and road construction intensity.
The settlement activity takes into account population density, as well as farmland. However, as reported
in the literature [24–26], more human activities should be considered. Therefore, the next step is to
supplement the model parameters.

Supplementary Materials: Supplementary materials can be accessed at http://www.mdpi.com/2071-1050/12/1/
167/s1.
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