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Assessment of ecological environment impact in highway
construction activities with improved group AHP-FCE
approach in China

Dan Zhang & Shengke Yang & Zongzhou Wang &

Chunyan Yang & Yangyang Chen

Abstract Highway construction is time consuming and
complicated. Various environmental issues can be en-
countered during this process. Therefore, it is necessary
to assess the impact of ecologic environment in highway
construction. However, the traditional assessment ap-
proaches paid more attention to the environmental fac-
tors rather than the ecological problems, and the weights
of evaluation indexes were assigned with relatively av-
erage values, which cannot comprehensively and accu-
rately to assess the impact of ecological environment in

highway construction. In order to solve these problems,
this paper established a new model to combine im-
proved group AHP and FCE. A total of six main factors
and 22 sub-factors from three aspects of social, ecolog-
ical, and natural environment were identified. The mod-
el and index system were applied to the ecological
environment impact assessment of the highway from
the city of Hanzhong to Lueyang County section in
Shaanxi Province, and compared with traditional fuzzy
AHP approach to verify the feasibility of this model.
The results showed that only the ranking of social and
ecological factor changed when comparing with the
traditional approach. The weight of social factor deter-
mined by the improved approach was 0.2835, while that
of the traditional approach was only 0.2365, and the
weight difference was 0.047. This improved approach
highlighted the importance of social factor and over-
came the equal weight distribution of traditional ap-
proach, which made the overall weight ratio distribution
more reasonable and objective. The comprehensive as-
sessment result was 0.3482, which was in line with the
“general impact” level. This was consistent with the
actual situation of highway construction. The improved
group AHP-FCE model could be used successfully for
assessing the impact of the ecological environment in
highway construction, and it had good applicability and
popularization value in ecological environment
assessment.
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Introduction

The highway has become an important part of the mod-
ern transportation system with its characteristics of
speed, convenience, and wide coverage (Liu and
Wang 2018), which indicates the level of social and
economic development of a country or region to a
certain extent. However, it not only brings great eco-
nomic and social benefits but also some environmental
problems such as soil erosion and biodiversity reduction
(Nematollahi et al. 2017; Qian et al. 2001; Tu 2016). So
how to realize the harmonious and sustainable develop-
ment of the highway construction projects and the social
and natural environment, it is particularly important to
carry out the ecological environment impact assessment
of the highway construction.

Environmental impact assessment is an important
task of environmental protection, it is an effective means
and approaches of implementing the strategy of sustain-
able development in decision-making and developing
construction activities (Salvador et al. 2000). However,
the traditional assessment approaches paid more atten-
tion to the environmental factors rather than the ecolog-
ical problems, and the highway construction projects
had more impact on the ecological environment securi-
ty. Therefore, the ecological environment impact assess-
ment was very necessary for highway construction pro-
jects. The ecological environment system of highway
construction was a complex system and the rational
selection of comprehensive quantization model was a
key to scientific environmental assessment (Tu 2016).
Different approaches to assessment have been suggested
from classical simple approaches to fuzzy approaches
(Aminbakhsh et al. 2013).

At present, the environmental impact assessment
research approaches related to highways include tra-
ditional AHP, grey correlation analysis, and fuzzy
comprehensive evaluation (FCE) approach (Qizhou
and Hua-pu 2009; X. Zhang et al. 2012; Akay et al.
2018; Lyu et al. 2018; Lv and Ji 2019; Lin et al.
2019; Han et al. 2019). As stated in these studies,
environmental impact assessment approaches and
index system did not appear to have a sufficiently
comprehensive framework. Jing focused only on the
two major types of influence factors, natural and

social environment through road analysis of the
construction period (Jing 2008). Two other studies
(Z. Wang and Chen 2010) (X. Zhang et al. 2012)
also assessed limited impact factors (5 impact fac-
tors), such as soil, water, plants, animals, and soil
erosion. Huang et al. (Huang and Yeh 2008) pointed
out that the index evaluation system of green high-
way needed to be further improved and social fac-
tors should be added. It can be seen that the evalu-
ation system needs to be improved. Akay et al.
(Akay et al. 2018) adopted fuzzy AHP to assess
the six main risk factors and 22 sub-risk factors
during the forest road design and construction pro-
cess. The results demonstrated that the fuzzy AHP
method can be used effectively to assess the risks of
forest road design and construction. Singh et al.
(Singh et al. 2017) dealt with assessment of air
quality in Haora River basin using fuzzy compre-
hensive assessment (FCA) and AHP method. The
results have clearly highlighted superiority and ro-
bustness of this method in determining air quality
indices under study. It has effectively addressed the
inherent uncertainties involved in the evaluation,
modeling, and interpretation of sampling data. These
literatures were all studied by fuzzy AHP approach.
Although, classical AHP was one of the assessment
approaches most commonly used by decision
makers and researchers (Vaidya and Kumar 2006).
It was used to solve complex multi-decision prob-
lems involving qualitative judgments (Saaty 1980).
However, the use of unbalanced scale judgments
and the inability to adequately provide ambiguity
in the pairwise comparisons phase often caused the
AHP to be criticized (Deng 1999). Traditional fuzzy
AHP approach followed the principle that the weight
of each expert was equal, regardless of the negative
effects because of the differences in experts’ knowl-
edge background. In other words, the subjective
judgment and selection preference of the expert
had a great impact on the results (Gao and Li
2004) and the comprehensive results did not take
into account the opinions of multidisciplinary ex-
perts and various stakeholders, making them unreli-
able and unconvincing.

Therefore, scholars have improved the ap-
proaches to overcome the shortcomings in determin-
ing the weight of the traditional fuzzy AHP ap-
proach. For example, Zhang et al. (Y. Zhang and
Yang 2016) used the combination of group AHP



construction, this paper established a comprehensive
index system based on social, ecological, and natural
factors. It attempted to build an improved group AHP-
FCE approach to assess the environmental impact of the
construction of the highway from the city of Hanzhong
to Lueyang County section in Shaanxi Province. Com-
pared with the traditional approach, the superiority and
accuracy of the improved approach were verified.

Methodology

Figure 1 lists various steps of methodology used to
evaluate the impact of highway construction on the
ecological environment located in the city of Hanzhong
to Lueyang County section in Shaanxi Province.

Study area

The selected highway from the city of Hanzhong to
Lueyang County section is located in the south of
Shaanxi Province, China (Fig. 2). The route starts at
Xiejiaying Village, Chenggu County, Hanzhong City

Establish evaluation index system

The improved group AHP

Improved weight
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weight of each index to get 

the expert cluster weight

Determine the consistency 

weight of expert according 

to the judgment matrix

Fuzzy comprehensive evaluation approach (FCE)
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Determine the weight matrix of evaluation factors

Multi-level fuzzy synthesis

Final comprehensive evaluation results

Fig. 1 The assessment process of the improved group AHP-FCE
model
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and entropy weight approach instead of AHP to
determine the index weight, reducing the interfer-
ence of human factors and improving the evaluation
accuracy. Zhang et al. (X. Y. Zhang et al. 2020)
adopted the combination of AHP and PCA to assess
the safety of road construction system. The results
demonstrated that judgment dispersion naturally
existing in classical AHP can be effectively reduced
when combined with PCA. In order to determine the
location of the distribution center, Zhou (Zhou
2011) used the group AHP to determine the weight
of each index, and then used the FCE for single-
index and multi-level comprehensive assessment of
the alternative address. This indicated that the group
AHP-FCE approach was suitable for complex and
variable system modeling methods, which combined
qualitative and quantitative methods to make com-
plex problems clear. However, the traditional group
AHP approach treated all experts “equally,” that is,
equal weighting, which failed to highlight the im-
portance of some key indicators. In fact, it was
limited by subjective factors. Because the expert
individual ranking vector weight coefficients were
often artificially determined based on factors such as
the individual’s reputation and authority currently, it
was very difficult to compare the reputation and
authority of experts. On the other hand, scientifical-
ly quantifying comparison results was also compli-
cated. According to the literature, most studies cur-
rently used equal weighted averaging to calculate
group expert weights. Based on this, Xia (Xia
et al. 2011) has explored the approach of determin-
ing the weight of experts, and proposed an improved
group AHP approach, which was used to determine
the weight of medical insurance business assess-
ment. It not only respected the result of individual
judgment and its accuracy, but also paid attention to
the comprehensive opinions of the group. However,
the combination of improved group AHP and FCE
method has not been used in the assessment of the
ecological environment of highway construction. It
can be seen that the advantages of the improved
group AHP method in determining the weight of
experts were fully exploited, and the complementary
advantages of assessment methods were valued,
which was of positive significance for the assess-
ment of complex systems.

Considering the lack of comprehensiveness of the
environmental impact assessment of highway



Fig. 2 Location and terrain of the study area
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(107° 13′ N, 33° 4′ E) and ends at Dashibei Village,
Baishuijiang Town, Lueyang County (106° 4′ N, 33°
37′ E). It is located in Qinba mountain area. The total
length of the project is 154.02 km, with 197 bridges in
total, including 4 super bridges, 157 major bridges, 36
medium and small bridges, and 207 culverts. There are
50 tunnels in the whole line, including 2 very long
tunnels, 4 long tunnels, 9 medium tunnels, and 35 short
tunnels, accounting for 56.38% of the total length of the
line. A total of 10 interconnecting interchanges are
arranged along the entire line, and its connecting lines
have 7 locations.

Establishing indicators system

The environmental impact assessment of highway con-
struction had multiple objectives and multiple levels.
This paper combined the comprehensive and hierarchi-
cal principles, previous research results (Robinson et al.
2010; Jaeger et al. 2005; Jaeger et al. 2006; Coffin
2007), and expert opinions and the characteristics of
the highways from the city of Hanzhong to Lueyang
County section in Shaanxi Province to establish an
ecological environment impact index system, including
the 6 main factors of the social environment (A1), eco-
logical environment (A2), acoustic environment (A3),
surface water environment (A4), groundwater

environment(A5) and air environment(A6), and 22 sub-
factors, as shown in Fig. 3.

Quantifying assessment indicators

Quantifying qualitative indicators

This paper used the assessment grade membership
method (X. Xu 2006) to quantify the qualitative
indicators. First, set the set of qualitative indicators:
M = {m1, m2, ···, mn}, where m1, m2, ···, m5 were
qualitative indicators to be evaluated. To determine
the degree of influence of each indicator, we referred
to the “five equal division” method of evaluation
grade (Cao 2013). In this research, the indices data
were normalized to [0-1], and then, the evaluation
values were divided into five grades. Accordingly, V
= (V1, V2, V3, V4, V5) corresponded to the five
grades: {lower, low, medium, high, and higher}.
Assign a value to each grade to turn qualitative eval-
uation into quantitative evaluation, that is, V1 = 0.2,
V2 = 0.4, V3 = 0.6, V4 = 0.8, and V5 = 1.0. Finally,
the expert survey method was used to determine the
membership of the element of mi in the set. There
were five qualitative indicators in this article: the
impact on regional development planning (A11), the
demolition and resettlement impact (A12), the impact
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Fig. 3 Hierarchical impact assessment framework for highway construction
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on infrastructure along the route (A13), the wild ani-
mal impact (A22), and the groundwater level drop
(A51). Ten experts were organized to express their
opinions on the surveyed indicators and then to cal-
culate the results, as shown in Table 1.

By normalizing the elements nij in the matrix
and adopting the equal specific gravity method (X.
Xu 2006), the fuzzy membership degree of the
evaluation index can be obtained by the equation
rij = nij/n, and then the fuzzy membership matrix
R can be obtained.

Quantifying and non-dimensionalizing quantitative
indicators

Dimensionless processing was to normalize the
values of evaluation indicators, which mainly in-
cluded linear, polygonal, and curved dimensionless
methods (Tu 2016). This paper used a linear dimen-
sionless method. When the actual value of the indi-
cator was converted into a standard value, the two
were converted into a linear proportional relation-
ship. The evaluation indicators in this paper can be
divided into two types: large value type and small
value type. Large value indicator was that bigger
was better, such as highway landscape quality
(A14). Small value indicators were that smaller was
better, such as loss rate of plant cover (A23), total
soil erosion (A24), and BOD (A44).

The dimensionless value of the index was Si, Si
∈ [0, 1]. The assessment index set was V and the
assessment indicator vi ∈V. The indicator attribute
value was xi. The assessment standard had a max-
imum value of Mi and a minimum value of mi. The
equations were shown in (1), (2), and (3).
ri ¼ vd xið Þ; i ¼ 1; 2;⋯n ð1Þ

Table 1 Determination of the membership degree of qualitative
evaluation indicators

Assessment index Assessment level V Number of experts n

V1 V2 V3 V4 V5

m1 8 2 0 0 0 10
m2 0 4 6 0 0

m3 0 0 6 4 0

m4 0 0 5 5 0

m5 0 7 3 0 0



Fig. 4 Triangle membership function
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The smaller the better type

ri ¼ vd xið Þ ¼
1 ; xi≤mi
xi−Mi

Mi−mi
; xi∈ mi;Mi½ �

0 ; xi≥Mi

8
>><

>>:

ð2Þ

The bigger the better type

ri ¼ vd xið Þ ¼
0 ; xi≤mi
Mi−xi
Mi−mi

; xi∈ mi;Mi½ �
1 ; xi≥Mi

8
><

>:
ð3Þ

Traditional fuzzy AHP approach

The traditional fuzzy AHP approach was established
based on a four-step process (X. Wang et al. 2019):

Step 1: Establishment of factor set and assessment set

The factor set was a fuzzy set composed of various
factors of the indicator, A = (A1, A2, ···, Am). An assess-
ment set was a collection of various assessment results,
V = (V1, V2, ···, V5).

Step 2: Calculation of single index

This paper used the triangular membership function
to determine the membership of each indicator
(Laarhoven and Pedrycz 1983), which was defined as
shown in Fig. 4.

The {r1, r2, ···, ri} in Fig. 4 was the set of assessment
levels, and the membership function was obtained as
follows:

f xð Þ ¼

1 ; rmin≤x≤ r1
x−ri−1ð Þ
ri−ri−1

; ri−1≤x≤ri

0 ; Other
riþ1−xð Þ
riþ1−ri

; ri≤x≤riþ1

1 ; r4≤x≤rmax

8
>>>>>>>>><

>>>>>>>>>:

ð4Þ
After the calculation of a single-index measure, the

single-index measure evaluation matrix was as follows:

R ¼
r11 r12 … r1m
r21 r22 … r2m
⋮ ⋮ … ⋮
rn1 rn2 … rnm

2

6
6
4

3

7
7
5

Step 3: Determination of indicator weight

The AHP approach was used to quantitatively de-
scribe the importance of each index factor. The 1–9
scale method (Lian and Cai 2012) was used to compare
the impact degree of the index and establish a judgment
matrix. Then, after consistency test, the weight set of
each index factor was W = (w1, w2, ···, wn), and
∑n

i¼1wi=1.
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Step 4: Multi-level fuzzy comprehensive operation

After calculating the single-indexmeasure evaluation
matrix by the equation, the weight matrix for each index
can be obtained by matching the corresponding index
weight calculation method. Then, the multi-index com-
prehensive evaluation matrix was obtained by multiply-
ing the single-index evaluation matrix and the corre-
sponding weight matrix. The calculated equation was
as follows:

Ai ¼ Wi*Ri ð5Þ

Where Ai was the comprehensive evaluation matrix,
and Wi was the weight of index, and Ri was the single-
index matrix.

Improved fuzzy AHP approach

Determination of weights

The traditional fuzzy AHP approach used the AHP
to determine the weight of index, which had great-
er subjectivity and uncertainty. Therefore, this pa-
per used the improved group AHP approach in-
stead of the AHP to determine the index weight.
The improved approach combined quantitative and
qualitative analysis, which not only respected the
result of individual judgment and its accuracy, but
also paid attention to the comprehensive opinions
of the group.

The determination of the weight of the improved
approach (Xia et al. 2011) was based on the traditional
AHP approach. First, establish a hierarchical model,
construct a judgment matrix, calculate a judgment ma-
trix, and check consistency. Through the previous steps,
the weight given by each expert to the indicator was
obtained, and the weight that cannot be used for analysis
was eliminated.

Secondly, the eigenvalues of the individual judgment
matrix were used to reflect the influence of each expert
on the integrated ranking vector change, and the consis-
tency degree of the construction judgment matrix for
expert can be calculated accordingly by Eq. (6).

Fi ¼ mþ 2ð Þ− λmaxð Þi ð6Þ

Where Fiwas the consistency degree of the construc-
tion judgment matrix for experts. Themwas the order of

the judgment matrix. λmax was the largest eigenvalue of
the judgment matrix constructed by the experts.

Thirdly, we took individual vectors that passed sev-
eral expert consistency tests as samples, and performed
cluster analysis. This paper used SPSS (version 22.0) to
perform systematic clustering on several experts, and
calculated the weights of several experts based on the
clustering results combined with Eq. (7).

λi ¼
φp

∑t
p¼1φ

2
p

ð7Þ

Where λiwas the weight of the expert i. The twas the
number of categories of individual sorting vectors. The
φp was the class capacity, that is, the number of indi-
vidual vectors contained in the p class.

Finally, determining the comprehensive weight of
the expert was to combine the consistency degree of
the judgment matrix constructed by the expert with the
class capacity expression information of each category
by Eq. (8). Then, Ki' was normalized to obtain the final
expert weight Ki.

K
0
i ¼ Fi*λi ð8Þ

Ki ¼ K
0
i

∑n
i¼1K

0
i

ð9Þ

Sum each column weight, and finally get the new
weight of the indicator.

W j ¼ ∑n
i¼1KiWij i ¼ 1; 2;⋯10; j ¼ 1; 2;⋯6ð Þ ð10Þ

Where Wj was the new weight of the indicator j. Ki'
was the combined weight of the expert i. Wij was the
weight of the expert i to the indicator j. Then, calculated
the new weight of the remaining indicators by Eq. (10).

Secondary situation assessment of multi-index

The traditional fuzzy AHP approach usually used first-
level assessment, which treated each influencing factor
as a whole. Due to the data distribution, characteristics
of each factor had a negligible impact on the evaluation
results. This paper used a secondary-level assessment
model and determined weights with an improved group
AHP approach. Other steps of multi-index secondary
situation assessment were the same as the traditional
fuzzy AHP approach described in the “Traditional fuzzy
AHP approach” section.
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Results and discussion

Assignment and normalization of indicators

The environmental impact index of highway construc-
tion was mainly obtained through the field research of
Chang’an University Environmental Engineering Re-
search Institute and relevant departments. Based on the
actual situation of the city of Hanzhong to Lueyang
County highway and the environmental conditions of
the county and city, the maximum and minimum eval-
uation index of each quantitative index were given.
According to Eqs. (2) and (3), the index was dimension-
less to obtain the normalized value, as shown in Table 2.

Establishment of fuzzy evaluation matrix

In this research, we referred to the “five equal division”
method of evaluation grade (Cao 2013) and the indices

data were standardized and normalized to the interval of
[0, 1], and then, the evaluation values were divided into
five grades. Accordingly, V = (V1, V2, V3, V4, V5)
corresponded to the five grades: {lower, low, medium,
high, and higher}. Assign a value to each grade to turn
qualitative evaluation into quantitative evaluation, that
is, V1 = 0.2, V2 = 0.4, V3 = 0.6, V4 = 0.8, and V5 = 1.0.
The evaluation matrix were calculated according to the
normalized values in Table 2 and Eq. (4) of the mem-
bership, as shown in Table 3.

Calculation of weight

Traditional AHP approach to determine weight

The fifteen experts (including professors, senior engi-
neers, and graduate students) in the field of highway
environment were invited to judge the importance of
each indicator. With the help of yaahp software (version

Table 2 Normalized value of the index

Main factors Sub-factors Attribute value Index
maximum

Index
minimum

Normalized
value

Social environment
A1

Impact on regional development planning A11 – – – 0.2400

Demolition and resettlement impact A12 – – – 0.5200

Impact on infrastructure along the route A13 – – – 0.6800

Highway landscape quality A14 (%) 61.02 100 30 0.4431

Ecological environment
A2

Highway construction areaA21 (hm
2) 985.76 1074.61 645.83 0.7928

Wild animal impact A22 – – – 0.7000

Loss rate of plant cover A23 (%) 73.95 100 10 0.7106

Total soil erosion A24(t/(km
2·a)) 4500 8000 500 0.5333

Acoustic environment
A3

Noise pollution levels of construction
machinery A31 (dB)

69.14 72 66 0.5233

Number of noise sensitive points A32 12 45 6 0.1538

Surface water A4 Suspended solids content A41 (mg/L) 100 200 70 0.2308

COD A42 (mg/L) 250 300 150 0.6667

Grease A43 (mg/L) 50 100 30 0.2857

BOD A44 (mg/L) 110 150 30 0.6667

Total nitrogen A45 (mg/L) 20 25 25 0.5000

Groundwater A5 Groundwater level drop A51 – – – 0.4600

Petroleum content A52 (mg/L) 10 15 8 0.2857

Permanganate index A53 9 15 2 0.5385

Nitrate concentration A54 (mg/L) 21 30 2 0.6786

pH A55 6.8 8.5 6.5 0.1500

Air A6 TSP A61 (mg/m3) 0.28 0.3 0.15 0.8667

Asphalt smoke A62 (mg/m
3) 43.7 80 10 0.4814

“–” represents a qualitative indicator; the evaluation attribute value refers to the “Quantifying qualitative indicators” section



10.1), an assessment index model was constructed, and
the weight and consistency test given by each expert to
the main factors were calculated. When CR < 0.1, the
consistency test was qualified; otherwise, it was not
qualified (Saaty 1980). The weights of the main factors

by the experts have passed the consistency test, as
shown in Table 4.

The weight value of the same index that has pass the
consistency test was arithmetically averaged, and the
traditional comprehensive weight representing the

Table 3 Fuzzy evaluation matrix of the index

Main factors Lower Low Medium High Higher

Social environment A1 0.8000 0.2000 0 0 0

0 0.4000 0.6000 0 0

0 0 0.6000 0.4000 0

0 0.7845 0.2155 0 0

Ecological environment A2 0 0 0 0.0360 0.9640

0 0 0.5000 0.5000 0

0 0 0.4470 0.5530 0

0 0.3335 0.6665 0 0

Acoustic environment A3 0 0.3835 0.6165 0 0

1 0 0 0 0

Surface water A4 0.8460 0.1540 0 0 0

0 0 0.6665 0.3335 0

0.5715 0.4285 0 0 0

0 0 0.6665 0.3335 0

0 0.5 0.5000 0 0

Groundwater A5 0 0.7000 0.3000 0 0

0.5715 0.4285 0 0 0

0 0.3075 0.6925 0 0

0 0 0.6070 0.3930 0

1 0 0 0 0

Air A6 0 0 0 0.6665 0.3335

0 0.5930 0.4070 0 0

Table 4 Empowerment of main factors and consistency ratio

Expert number W’1 W’2 W’3 W’4 W’5 W’6 λmax CR

1 0.0676 0.2684 0.163 0.1034 0.177 0.2206 6.4051 0.0643

2 0.3328 0.1121 0.0834 0.1109 0.1915 0.1693 6.1831 0.0291

3 0.1858 0.474 0.0569 0.1045 0.1045 0.0744 6.1988 0.0316

4 0.1829 0.1477 0.0472 0.3112 0.0806 0.2304 6.3051 0.0484

5 0.3564 0.2143 0.0419 0.1018 0.1825 0.1031 6.3118 0.0495

6 0.3201 0.1093 0.0511 0.187 0.2557 0.0768 6.2372 0.0376

7 0.3539 0.2408 0.0377 0.114 0.1794 0.0742 6.2655 0.0421

8 0.0621 0.26 0.0372 0.275 0.2958 0.0699 6.3089 0.0490

9 0.1098 0.3837 0.0506 0.1467 0.216 0.0932 6.4105 0.0652

10 0.394 0.2388 0.0542 0.0976 0.0871 0.1283 6.3028 0.0481

Environ Monit Assess (2020) 192: 451 Page 9 of 18 451
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opinions of all experts was obtained. Similarly, the
traditional weights of secondary indicators were deter-
mined, as shown in Table 5.

Improve group AHP approach to determine weight

Based on the traditional weights of the ten experts
calculated in the previous section, then use SPSS soft-
ware to perform systematic clustering, and cluster into
four categories at a distance of 16 as shown in Fig. 5.
The first category had five experts, which numbered 5,
7, 10, 2, and 6. The second category had one expert,
which numbered 4, and the third category had three
experts, which numbered 3, 9, and 1. There was one
expert in category four and the number was 8.

Combined with the results of the classification,
the expert weights were calculated according to Eq.
(6), and the improved weights of the main factors
were further calculated according to Eqs. (7), (8),
(9), and (10). In the same way, calculate the im-
proved weight of sub-factors, and the results were
shown in Table 6.

Results of comprehensive evaluation

According to Eq. (5) and the data in Tables 3 and 6, the
first-level fuzzy evaluation results were calculated, as
shown in Table 7. As can be seen from Table 7, the
degree of influence of highway construction on each of
the main factors was different.

In the whole assessment process of quantitative anal-
ysis, by calculating the assessment value of the main
factors, we can understand the impact of highway con-
struction on the environmental factors, which was con-
ducive to making timely and appropriate decisions for
the adverse impact of environmental factors. Figure 6
clearly showed the main factors under different degrees
of influence. As can be seen, the impact level of high-
way construction on social factors and acoustic factors
was “lower,” the impact on ecological factors, surface
water, and groundwater factors was “medium,” and the
impact on air factors was “high.” Therefore, environ-
mental protection measures can be taken to control the
factors with greater impact.

Finally, according to the first-level fuzzy situation
assessment results and the improved weight values in

Table 5 Traditional weight values of the index

Main factors Traditional weight Sub-factors Traditional weight

Social environment A1 0.2365 Impact on regional development planning A11 0.4023

Demolition and resettlement impact A12 0.2092

Impact on infrastructure along the route A13 0.1991

Highway landscape quality (%) A14 0.1894

Ecological environment A2 0.2449 Highway construction area A21 0.1119

Wild animal impact A22 0.2741

Loss rate of plant cover (%) A23 0.3427

Total soil erosion A24 0.2713

Acoustic environment A3 0.0623 Noise pollution levels of construction machinery A31 0.4417

Number of noise sensitive points A32 0.5583

Surface water A4 0.1552 Suspended solids content A41 0.0813

COD A42 0.2953

Grease A43 0.1535

BOD A44 0.1806

Total nitrogen A45 0.2893

Groundwater A5 0.1770 Groundwater level drop A51 0.2636

Petroleum content A52 0.1764

Permanganate index A53 0.2242

Nitrate concentration A54 0.1797

pH A55 0.1562

Air A6 0.1240 TSP A61 0.5117

Asphalt smoke A62 0.4883



Fig. 5 Dendrogram of variables
of cluster analysis

Table 6 Improved weight values of the index

Main factors Improved weight Sub-factors Improved weight

Social environment A1 0.2835 Impact on regional development planning A11 0.4302

Demolition and resettlement impact A12 0.1815

Impact on infrastructure along the route A13 0.2117

Highway landscape quality (%) A14 0.1766

Ecological environment A2 0.2308 Highway construction area A21 0.1069

Wild animal impact A22 0.2600

Loss rate of plant cover (%) A23 0.3776

Total soil erosion A24 0.2556

Acoustic environment A3 0.0618 Noise pollution levels of construction machinery A31 0.4167

Number of noise sensitive points A32 0.5833

Surface water A4 0.1307 Suspended solids content A41 0.0847

COD A42 0.3092

Grease A43 0.1425

BOD A44 0.1717

Total nitrogen A45 0.2919

Groundwater A5 0.1764 Groundwater level drop A51 0.3008

Petroleum content A52 0.1463

Permanganate index A53 0.2340

Nitrate concentration A54 0.1924

pH A55 0.1267

Air A6 0.1169 TSPA61 0.5730

Asphalt smoke A62 0.4270
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Fig. 6 Distribution of assessment levels of major factors on environmental impact. a Medium impact factors; b High impact factors; c
Lower impact factor
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Table 6, the second level assessment results were shown
in Table 8.

According to the principle of maximummembership,
0.3482 ∈ [0.4, 0.6], the secondary situation assessment
level was “medium,” that is, the impact of the selected
section of highway construction on the ecological envi-
ronment was general, which was consistent with the

actual situation of environmental impact of highway
construction.

In summary, the highway construction behavior had
more impact on the ecological environment safety. The
traditional environmental impact assessment only con-
sidered water, atmosphere, noise, solid waste, and other
factors, which was not comprehensive. In order to

Table 7 Result of the first level evaluation

Main factors Lower Low Medium High Higher

Social environment A1 0.3442 0.2972 0.2740 0.0847 0.0000

Ecological environment A2 0.0000 0.0852 0.4691 0.3426 0.1031

Acoustic environment A3 0.5833 0.1598 0.2569 0.0000 0.0000

Surface water A4 0.1531 0.2201 0.4665 0.1604 0.0000

Groundwater A5 0.2103 0.3452 0.3690 0.0756 0.0000

Air A6 0.0000 0.2532 0.1738 0.3819 0.1911



Table 8 Result of the second level evaluation

Assessment level Lower Low Medium High Higher

Membership 0.1907 0.2330 0.3482 0.1820 0.0238

Table 9 Weight rankings for main factors

Main factors Traditional weight Rank Improved weight Rank

Social environment A1 0.2365 2 0.2835 1

Ecological environment A2 0.2449 1 0.2308 2

Acoustic environment A3 0.0623 6 0.0618 6

Surface water A4 0.1552 4 0.1307 4

Groundwater A5 0.1770 3 0.1764 3

Air A6 0.1240 5 0.1169 5
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objectively assess the ecological environment impact of
highway projects, the ecological impact factors must be
fully considered. Therefore, an effective and scientific
ecological environment impact assessment method was
established, which adapted to the current ecological
environment. The results showed that the established
ecological environment evaluation index system and
method were very successful. It overcame the shortcom-
ings of equal weight average in traditional methods,
highlighted the importance of individual indicators,
and made the evaluation results more accurate and
objective.

Comparison of traditional and improved approaches

Comparison of weight values

When the traditional AHP approachwas used to identify
and rank the weight values of the main factors (Table 9),
it can be seen that the ecological factor ranked first, and
the social factor ranked second, but the result of each
other was very close, which indicated that the impor-
tance of two factors in the traditional AHP approachwas
almost equal to each other. Our study results were
partially similar to those of Hatefi et al. (Hatefi and
Tamošaitienė 2018). In the improved approach, the
social factor showed the highest weight, followed by
the ecological factor. Compared with traditional ap-
proach, it highlighted the importance of social factor in
the assessment. This was consistent with the actual
situation of the environmental impact of the highway

construction project. Most studies often only focused on
the impact of ecological factor and ignored the social
factor. The present assessments in China emphasized
particularly on the effect of the natural environment,
leaved a blank on the social environment (W. Wang
2009). Therefore, the improved approach emphasized
the importance of social factor, and overcame the short-
comings of equal treatment of expert opinions in tradi-
tional approaches.

Assessment of the sub-factors with respect to the
main factors showed that only the ordering of the sub-
factor weights under social factors has changed with the
improved approach, and the weight values of the sub-
factors under the other main factors have changed but
the ranking has not changed. Impact on regional devel-
opment planning was the most important sub-factor
under social factors in two approaches (Table 10). In
traditional approach, demolition and resettlement im-
pact was in the second place and impact on infrastruc-
ture along the route was in the third place although it
was in the second place with the improved approach.
This indicated that impact on infrastructure along the
route factor was more important than demolition and
resettlement impact factor which was also consistent
with the actual situation. Relevant literature research
(L. Xu et al. 2010) showed that the weight ratio of
demolition and resettlement impact factor was only
0.042, which was relatively small. It indicated that this
factor did not have a great impact on the environment.

Loss rate of plant cover was the most important sub-
risk factors under ecological factors which was



Table 10 Weight rankings for sub-factors

Sub-factors Traditional weight Rank Improved weight Rank

Impact on regional development planning A11 0.4023 1 0.4302 1

Demolition and resettlement impact A12 0.2092 2 0.1815 3

Impact on infrastructure along the route A13 0.1991 3 0.2117 2

Highway landscape quality (%) A14 0.1894 4 0.1766 4

Highway construction area A21 0.1119 4 0.1069 4

Wild animal impact A22 0.2741 2 0.2600 2

Loss rate of plant cover (%) A23 0.3427 1 0.3776 1

Total soil erosion A24 0.2713 3 0.2556 3

Noise pollution levels of construction machinery A31 0.4417 2 0.4167 2

Number of noise sensitive points A32 0.5583 1 0.5833 1

Suspended solids content A41 0.0813 5 0.0847 5

COD A42 0.2953 1 0.3092 1

Grease A43 0.1535 4 0.1425 4

BOD A44 0.1806 3 0.1717 3

Total nitrogen A45 0.2893 2 0.2919 2

Groundwater level drop A51 0.2636 1 0.3008 1

Petroleum content A52 0.1764 4 0.1463 4

Permanganate index A53 0.2242 2 0.2340 2

Nitrate concentration A54 0.1797 3 0.1924 3

pH A55 0.1562 5 0.1267 5

TSPA61 0.5117 1 0.5730 1

Asphalt smoke A62 0.4883 2 0.4270 2
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consistent with Zhang et al. (X. Zhang et al. 2012). The
higher the loss rate of plant cover, the greater the dam-
age to the ecological environment during the construc-
tion period. COD was the most important sub-risk fac-
tors under surface water factors. Zhang et.al. (G. Zhang
et al. 2015) pointed out that the main reason for the
increase of COD was the domestic sewage produced
during the construction of the highway. In groundwater
factors, groundwater level drop had the greatest impact
on the environment. However, the decrease of ground-
water level will lead to the collapse of subgrade, the
drying of vegetation, and so on. In air environment
factors, TSP was the most important factors. This was
mainly due to dust coming out from mixing plant, and
smoke coming out from the small-scale automobile on
the road, carrying of construction materials like sand,
bricks, stone chips, and cement in open trucks and
vehicular movements on highways (Singh et al. 2017).
In recent years, public awareness has increased regard-
ing the environmental impacts of road construction
(Gumus et al. 2008). However, the most important thing

in assessing the impact of highway construction on the
environment was to consider the combined impacts of
society and nature.

Comparison of comprehensive assessment results

Compared with the improved approach and the tradi-
tional fuzzy AHP, the assessment results were shown in
Fig. 7. The result of this project using traditional assess-
ment approach was “medium.” It can be seen that the
results obtained by the improved approach in this paper
were consistent with the traditional approach, indicating
that it was feasible to use the improved group AHP-FCE
approach to assess the environmental impact of the
highway construction period. However, in the tradition-
al approach, the subjective judgment and selection pref-
erence of the experts had a great impact on the results,
while in the improved approach, combining with the
consistency of each expert’s judgment matrix and the
idea of cluster analysis, the opinions of experts have
been considered more comprehensively and
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meticulously, and some subtle impacts have been more
accurately judged, and the status of some important
indicators in the entire system can be effectively
highlighted, thereby ensuring the objectivity and reli-
ability of the environmental impact assessment results
of highway construction project.

For the overall analysis, the improved group AHP-
FCE approach systematically considered various fac-
tors, made full use of various information, better
highlighted the status of some important indicators in
the whole system, and could more comprehensively
reflect the true status of the highway construction pro-
jects. Moreover, it hadmore pertinence and guidance for
the plan adjustment and measures implementation of
environmental impact of highway construction projects,
which showed that the model has strong operability and
better practicability.

Protective measures

According to the characteristics of the ecological
environment along the Hanzhong to Lueyang sec-
tion of the road, combined with the assessment
results of this study, the factors that had a greater
impact on the social environment were impact on
regional development planning factor (A11), demo-
lition and resettlement impact factor (A12), and im-
pact on infrastructure along the route factor (A13). In
the ecological environment, the loss rate of plant
cover (A23) was the most important factor, followed
by the wild animal impact factor (A22). In the sur-
face water environment, COD (A42) was the most

important factor. In the groundwater environment,
groundwater level drop (A51) had the greatest im-
pact on the environment. In the air, TSP (A61) had
the greatest impact on the environment. In order to
coordinate the development of highway construction
and the ecological environment, the following pro-
tection measures were proposed from the five as-
pects of social, ecological, water, acoustic, and air
environment in combination with these specific
impacts.

Social environment

Try to occupy less arable land and rely on the govern-
ments along the line to do a good job in land acquisition.
Make preparations before construction to ensure the
normal life of residents.

Ecological environment

First, construction should be standardized. Secondly,
soil erosion and wildlife protection should be strictly
protected. In the end, the topsoil backfill will be imple-
mented as soon as possible and the vegetation will be
restored.

Water resource

Set up a sedimentation tank to treat this part of the
wastewater to the standard, and all the treated wastewa-
ter will be reused for equipment washing and dust
prevention.

Acoustic environment

Try to select low-noise construction machinery and
technology. The operation time with strong noise source
can be put in the daytime (06:00-22:00) or adjusted
appropriately. The construction road shall be far away
from sensitive points such as residential areas and
schools.

Fig. 7 Comparison of assessment results
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Air environment

The place where dust was generated shall be watered
regularly, such as construction road and waste slag
plant. During the construction stage, the temporary ac-
cess road shall be hardened and the transportation of
powdery materials shall be covered. For the construc-
tion of asphalt pavement, the asphalt concrete mixing
plant was located in the downwind direction outside the
environmental sensitive points such as residential areas
and schools.

Conclusions

In this study, an index evaluation system using a com-
bination of improved group AHP and FCE model was
established for the first time. The model applying case
was confirmed the accuracy and scientificity, and based
on the evaluation results, corresponding protection mea-
sures were proposed for the construction project. The
following conclusions were drawn:

1. An improved group AHP-FCEmodel was proposed
and a second-level evaluation model was
established. A total of six main factors and 22 sub-
factors were identified, including social environ-
ment (A1), ecological environment (A2), acoustic
environment (A3), surface water environment (A4),
groundwater environment (A5), and air environ-
ment (A6).

2. The improved group AHP approach was applied to
determine the weight of evaluation index. It com-
bined the consistency of matrix with cluster analy-
sis, which not only respected the result of individual
judgment and its accuracy, but also paid attention to
the comprehensive opinions of the group. It over-
came the equal weight distribution of traditional
approach, which made the overall weight ratio dis-
tribution more reasonable and objective.

3. This model was applied to the case study of ecolog-
ical environment impact assessment of the highway
construction project from the city of Hanzhong to
Lueyang County in Shaanxi Province. The weight
of social factor determined by the improved ap-
proach was 0.2835, while that of the traditional
approach was only 0.2365, and the weight differ-
ence was 0.047. This approach highlighted the im-
portance of social factor and overcame the equal

weight distribution of traditional approach, which
made the overall weight ratio distribution more
reasonable and objective. The comprehensive as-
sessment result was 0.3482, which was in line with
the “general impact” level. This was consistent with
the actual situation of highway construction. The
improved group AHP-FCE model could be used
successfully for assessing the impact of the ecolog-
ical environment in highway construction, and it
had good applicability and popularization value in
ecological environment assessment. The study re-
sults will also enable highway managers and de-
signers to compare the weight rankings of relevant
impact factors and take targeted precautions
accordingly.
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