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Abstract: Highway construction is crucial for regional economic and social progress; yet, it presents considerable ecological
challenges, including habitat disruption and exacerbated soil erosion. Conventional linear transportation infrastructure
projects focus on evading ecologically sensitive zones, such as nature reserves, scenic areas, and watershed protection
regions. Additionally, they enforce erosion control strategies, encompassing protective installations and drainage networks.
These efforts are heavily dependent on standard regulations and the expertise of designers. A principal challenge is that
prevailing standards tend to be principle-based, concentrating more on post-construction environmental rehabilitation than
offering quantitative benchmarks and techniques for preemptive ecological preservation. To address these issues, this study
introduces a set of evaluation indicators and a decision-making framework designed to assess the ecological impact of

highways. The aim is to integrate proactive ecological conservation measures into the early planning and design stages of
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highway projects. The evaluation indicator system innovatively accounts for not only the conventional metric of area
encroachment in ecologically sensitive areas but also the highways’ influence on ecosystem services, including habitat
quality, water yield, and soil erosion. With a focus on the Qinghai-Tibet Plateau region, the effects of highways on
permafrost are additionally a crucial factor to consider. Consequently, the evaluation system includes indicators like the
extent of permafrost and medium-thickness seasonal frozen soil impacted by route choices, the regions of grassland and
forestland encroached upon, alterations in habitat quality, water yield, and soil erosion within the zones influenced by
roads. To tackle the challenges of integrating qualitative and quantitative attributes, ambiguous attribute grading thresholds,
and complexities in decision-making based on analogous reasoning within the multi-attribute decision-making framework, a
multi-dimensional and multi-rule cloud model has been developed. This model evaluates and decides on route options from a
low ecological impact perspective, based on the established indicator system. It categorizes all evaluation indicators and
results into three levels, calculates the corresponding numerical features of the cloud model, determines the membership
degree and evaluation indicator score through rule generators, and finally calculates the total score of route options through
weighted summation for ranking and decision-making. Subsequently, the evaluation and decision-making method for low
ecological impact was applied in the planning of the Jiuma Expressway. The results indicate that the preliminary design
phase and the detailed design phase for construction drawings of the Jiuma Expressway achieved scores of 0.489 and 0.483,
respectively. It was observed that by optimizing route schemes, utilizing bridges and tunnels instead of embankments,
enhancing slope protection, and reclaiming temporary land, the ecological disturbance caused by construction can be
significantly reduced. The study proposes a method for evaluating and deciding on low ecological impact in highway
construction, facilitating a shift from post-recovery to proactive planning and protection of the ecological environment. This
method provides decision support for highway design optimization, ecological risk monitoring and management, and

ecological protection policy-making, thereby fostering regional ecological protection and sustainable development.

Key Words: environmental protection and sustainable development; highway ecological impacts; highway decision-

making; ecosystem services; cloud model
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Table 1 Data types and their sources
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AR s it o E R 2 B B IR IR B B Pl
Annual mean temperature & (https ://www.resde.cn/ ) /BB AG %
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Table 2 Threats and their impact weights and maximum impact distances

PR M A KM B/ km
Threats Weights Maximum impact distances
AN B L BE Roadbed sections of expressways 0.95 4

— RN PR BRI EE Roadbed sections of first-class highways 0.85 3
TN B BB Roadbed sections of second-class highways 0.75 2

N AT % B Bridge and tunnel sections of all roads 0.25 1

B Farmland 0.8 4

1 AL Built-up land 1 5
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Table 3 Habitats and their suitability
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Habitat . Habitat Habitat . Habitat

umber  oPitat suitability || number  LoDitat suitability
11 JKHI Paddy field 0.4 44 K AMEVK)ZE i Permanent glacier snow 0
12 524 Dry land 0.3 45 W Tidal flat 0.2
21 A Htth Woodland 1 51 WML Urban land 0
22 HEARMK Shrub 1 52 AT B 45 Rural settlement 0
23 BibkHL Sparse woodland 1 53 HE ML Other construction land 0
24 HAth Mt Other woodland 0.8 530 RT3/ [ Expressway 0
31 1578 5 % RO b High coverage pastureland 1 531 — 2\ W First-class highway 0
32 7 35 B R Medium coverage pastureland 0.7 532 YN Second-class highway 0
33 fFR 7 35 B M Tow coverage pastureland 0.4 61 70l Sandy land 0
41 A% River channel 0.7 62 VAL Wetland 1
42 WA Lake 0.8 63 # 43 Bare land 0.2
43 IKIESYE Reservoir pit 0.7 64 M5 A i Bare rock texture 0.2
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Fig.2 Low ecological impact evaluation and decision-making process for highways based on cloud model
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Fig.5 Land cover and frozen soil of the roadway area in the Jiuma Expressway
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Fig.8 Soil erosion of the roadway area in the Jiuma Expressway
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Fig.9 The impacts of route scheme on ecosystem services at the preliminary design phase
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Fig.10 The impacts of route scheme on ecosystem services at the construction drawing design phase
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Fig.11 Cloud models for evaluation indicators and results
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