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With the rise of low-carbon concept and the trend of low-carbon planning, the evaluation of low-carbon planning has been paid
more and more attention by the academic and planning circles. Carbon evaluation has become a hot topic after “environmental
evaluation” and “green evaluation.” In order to promote the important content of energy conservation and sustainable de-
velopment in the construction of low-carbon cities, this paper constructs and plans the content of low-carbon city planning and
construction. On the basis of the e�ectiveness evaluation index system, this paper discusses the linkage between analytic hierarchy
process and fuzzy comprehensive evaluation method and makes a comprehensive quantitative evaluation on the e�ectiveness of
case planning EIA. Combining the advantages of analytic hierarchy process and fuzzy comprehensive evaluation method, the
subobjectives and weights of each index are determined by the analytic hierarchy process.  e multi-level fuzzy comprehensive
evaluation method is used to evaluate the factors that a�ect the low-carbon e�ect of urban high-rise residential district planning.
 is study leads the new trend of future urban construction, and the construction of low-carbon residential areas, as an important
part of promoting urban sustainable development, is the core component of future low-carbon urban planning and construction.

1. Introduction

Housing is the basic material condition for human survival,
which combines the means of survival, enjoyment, and
development, and together with food, clothing, and trans-
portation, it constitutes an indispensable consumer product
in people’s daily life to meet the needs of human physical and
spiritual life [1]. In recent years, with the continuous de-
velopment of social economy, the resources and environ-
ment are under great pressure, and the ecological
environment on which human beings depend has been
damaged as never before. In order to protect the ecological
environment and achieve sustainable development, China
has reversed the end-of-the-road thinking of “pollution �rst
and treatment later” and taken corresponding measures to
control environmental pollution at the source [2]. Low-

carbon development is a trend, adaptation planning is a
choice of the times, program carbon assessment is a quality
control link, and standard adaptation is an inherent demand.
Low-carbon planning is a way of thinking, a methodological
system, and a technical path [3]. In contrast, the land supply
is tight, and the development of urbanization requires more
construction land indicators to meet the needs of rapid
socioeconomic development, and under this double pres-
sure, the e�ciency of land resource utilization has received
unprecedented attention [4].

Urban systems are a rather important part of the carbon
cycle, and the development of a low-carbon economy is of great
signi�cance for maintaining climate and environment [5]. In
the context of global climate change, the development of a low-
carbon economy is gradually becoming a consensus among
decision makers at all levels [6].  e ecological spatial

Hindawi
Mathematical Problems in Engineering
Volume 2022, Article ID 9529110, 9 pages
https://doi.org/10.1155/2022/9529110

mailto:sunguofei@hit.edu.cn
https://orcid.org/0000-0001-5082-6853
https://orcid.org/0000-0002-7080-5723
https://orcid.org/0000-0001-6165-7266
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2022/9529110


environment can promote the organic combination of indoor
and outdoor spaces and provide a borrowed view for the living
space, which is an important factor for high-rise settlements to
win the market and has become the main criterion for mea-
suring the quality of high-rise residential areas [7]. Also, high-
rise residential areas have high efficiency for land use, which
can meet the living needs of more people on the same area of
land and become an effective way to solve the urban living
space tension [8]. Promoting low-carbon economic develop-
ment, energy saving, and emission reduction is both a key
solution to combat global warming and an important means to
practice the scientific concept of development [9].

-e current large-scale residential construction at the
edge of Chinese cities has led to the uncontrolled spread of
cities in a pie-like circle, and the fervent development of
more low-rise high-rise residential areas on the outskirts of
cities, driven by developers with economic interests, was
once considered as a solution to the urban population
housing problem [10]. -e evaluation of the carbon effect of
settlement planning and design schemes is a research field
that has emerged in recent years to effectively respond to
global climate change and is an important technical tool to
examine and control the low-carbon nature of planning
schemes at the planning stage and to reduce the life-cycle
carbon emissions of settlements. With the rise of low-carbon
planning, the evaluation of low-carbon scheme (or the
evaluation of carbon effect of scheme) has started to receive
attention from academic and planning circles, and it is called
“carbon evaluation” which is more respected after “envi-
ronmental assessment” and “green assessment.” “Carbon
assessment is due to the introduction of existing technical
specifications for residential planning under the baseline
scenario without climate change response measures in
China. -erefore, there are many incompatibilities with the
International Low-carbon background, which fundamen-
tally affect the low-carbon nature of urban settlement
planning schemes. In contrast, AHP is a combination of
quantitative and qualitative methods that expresses and
processes subjective human judgments in quantitative form,
minimizing the drawbacks associated with personal sub-
jective judgments and making the evaluation results more
credible. Since the rubric used in conducting the evaluation
is often fuzzy, it is appropriate to use the AHP-fuzzy
comprehensive evaluation method.

-is paper analyzes the different problems of carbon
emission and carbon absorption in different types of resi-
dential areas. Innovatively take the urban high-rise resi-
dential area as the starting point, comprehensively analyze
the influencing factors of the carbon effect of the high-rise
residential area planning and design scheme, and conduct
the carbon effect evaluation research. Based on the idea and
method of system theory, the analysis of low-carbon
influencing factors of urban high-rise residential planning
scheme is regarded as a complex system.From the overall,
elements and environment three aspects of systematic
analysis, to find out the constraints of low-carbon devel-
opment factors. Compared with the traditional urban
analysis method, the research method of this paper has a
wider range and is discussed in the context of the whole

urban system. From the overall perspective of urban design
and residential planning, solve the problems existing in the
interactive space design of urban high-rise residential
buildings and increase the consideration and analysis of
regional influencing factors.

2. PlanningIdeasofHigh-RiseResidentialAreas
Based on AHP-Fuzzy Comprehensive
Evaluation Method

2.1. Construction of AHP-Fuzzy Comprehensive Evaluation
Model. When using the analytic hierarchy process to make
decisions, we make full use of people's cognition and ex-
perience. Qualitative analysis and quantitative calculation
are organically combined to decompose a complex system
into a multi-level single-objective problem. -e AHP-fuzzy
integrated evaluation model (Figure 1) quantifies the
qualitative factors in the evaluation of the effectiveness of
planning EIA and realizes the quantitative evaluation.

First, a complex multi-objective decision problem is
considered as a system by applying the principle of multi-
level ordering. By analyzing the judgment of each factor
within the system, it is decomposed into a recursive hier-
archy of several levels of multiple indicators. If the factor
data of different magnitudes are to be analyzed compara-
tively at the same time, they need to be normalized. -e
value of i factor and j factor in all samples is

Zi,j �
Xi,j − μj

σj

, (1)

where μj is the mean value of factor i and σj is the standard
deviation of factor j.

By analyzing the target layer and the interrelationship
among the factors, the relevant factors are decomposed into
several levels and categorized to form amulti-level structure.
-e carbon sources and carbon sinks of settlement products
have multiple channels, which involve the production
process, consumption process, and waste process of resi-
dential products, and are influenced by production tech-
nology, living concept, ecological background, and external
policies. -erefore, in the evaluation stage of the carbon
effect of the revised planning scheme at the settlement level,
it is not appropriate to adopt the practice of increasing the
floor area ratio and building density in the evaluation stage
of the general planning and control planning schemes at the
city level. We use an n-dimensional random variable to
represent X with a weighting factor of Ai, i.e., the weighted
sum of n basis vectors to represent X.

X � 
n

i�1
ziϕi. (2)

So, the degree of influence of each indicator on the
evaluation result is analyzed, and the quantitative result of
the degree of influence, i.e., the weight coefficient of each
indicator, is obtained. -rough the open planning layout of
small group homogeneity and large area mixing, which
interpenetrate each other and maintain a certain
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independence and similarity to maintain a sense of security
and identity, the income and social background between
neighbors are similar, so that security and stability can be
maintained. Carbon sink refers to the process, activity, or
mechanism of absorbing carbon dioxide in the atmosphere
through a�orestation, vegetation restoration, and other
measures, so as to reduce the concentration of greenhouse
gases in the atmosphere. e weight coe�cient of each index
in this paper well re�ects the evaluation characteristics of the
carbon source sink e�ect of the “source sink” and “increase
or decrease” schemes.  e evaluation of carbon sink func-
tion of the scheme is highlighted, and the important position
of soft soil in the construction of settlement carbon sink is
considered. Combining the idea of weight set with the
maximum weight value of horizontal weighting and vertical
weighting, for the term set X � i, i2, i3, . . . , ia{ }, the mixed
weighted support of X is de�ned as

Supportm(X) � hxsupv(X)

� max h1, h2, . . . , hk{ }
∑ni�1 ViCount Xi( )( )

Nv
.

(3)

Second, relevant experts were invited to make com-
parative judgments on the relative importance of each index
and assigned corresponding values. According to the
established hierarchy, the expert consultation method is
used to compare the importance of each factor of the same
level belonging to the same upper level from the second level,
and the judgment matrix is constructed using the 1∼9 scale
method. Due to the di�erent knowledge level, structure, and
knowledge of experts, the credibility of their judgment
matrix given by using hierarchical analysis method is not the
same. Assuming that there are k experts, the expert weights
are obtained using the following formula:

pi �
1

1 + zC Ri
(i � 1, 2, L, k). (4)

 e landscape layout of multi-storey residential areas
mostly adopts the form of landscape layout combining

centralization and decentralization. Pay attention to the
homogeneity of the landscape, and the layout of the central
landscape and group landscape of the residential area is
relatively balanced. Ecological design of settlement envi-
ronment refers to the planning and design of settlement
environment.  e environmental factors covered by the
settlement space should be fully considered, and the deci-
sion-making and direction of the design should be deter-
mined. In order to maintain the ecological balance of the
spatial environment, reduce the waste of energy and re-
sources and �nally realize the sustainable development of the
settlement environment. erefore, an evaluation problem is
decomposed into multiple evaluation factors, and the
evaluation index corresponding to each evaluation factor is
determined to ensure that the evaluation index can re�ect
the evaluation problem comprehensively and the index
meaning is not duplicated.  e weights of the evaluation
indicators are only two values, i.e., 0 or 1. If the lexical items
appear in the matrix, the corresponding weight value is 1;
otherwise, it is 0.  e level-weighted support of the item set
X � i1, i2, . . . , ik{ } is de�ned as

Suph � max h1, h2, . . . , hk{ } × Sup(X), (5)

where Sup(X) is the traditional support count of itemX and
Max h1, h2, . . . , hk{ } is the weight of items.

 is expression is intuitive, easy to understand, and
provides a common platform for comparison between
residential products of di�erent areas, which better re�ects
the good or bad carbon emission e�ect of residential
products.  e supporting facilities of urban settlements
mainly include municipal utilities and public service facil-
ities, which indirectly a�ect the carbon emission of settle-
ments through in�uencing the daily life energy
consumption, water consumption, living habits, and tra�c
and travel of the residents in the settlements, whose daily
outdoor activities are shown in Figure 2.

Finally, the weights of each index at each level are cal-
culated using mathematical methods and ranked; the
planning analysis and decision making are performed based
on the ranking results. After the calculation of the weights of

Constructing index system

Establish hierarchical structure
model

Constructing judgment matrix

Consistency check

Constructing fuzzy membership
matrix

Determine the weight matrix

Multilevel fuzzy operation

Get a comprehensive evaluation

Get index weight

Figure 1: AHP-fuzzy comprehensive evaluation model.
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the factors at each level, the constructed judgment matrix
must be tested for consistency, which is generally judged by
calculating the consistency ratio CR. Take the judgment
matrix H as an example, that is:

HW � λW, (6)

H is the judgment matrix and W is the feature vector.
While keeping the development plot ratio as stipulated

in the control plan of the site basically unchanged, the green
area ratio and soft ground ratio can be increased by reducing
the building density.  is ensures that the increase in carbon
sink is much larger than the increase in carbon source, thus
achieving a reduction in net carbon emissions and a re-
duction in carbon volume ratio. By setting quantitative
standards, the raw data are converted into dimensionless
values such as fractions, so that indicators of di�erent scales
can be compared quantitatively in the same system and
�nally a “composite score” is obtained.  erefore, we do not
consider these economic function indicators separately but
focus on the input-output perspective to evaluate the carbon
sink obligation per unit of input and emphasize that the real
estate development behavior should be clearly responsible
for carbon reduction while causing environmental load.

2.2. Ecological Design Method of High-Rise Residential Space
Environment.  e integrated method of AHP and fuzzy
comprehensive evaluation is selected to study the spatial
environmental ecological design of high-rise settlements,
that is, the fuzzy comprehensive evaluation is based on the
hierarchical analysis method.  e combination of the two
complements each other and helps to improve the au-
thenticity and validity of the evaluation.  e positioning,
content, layout, and scale of public facilities should be
considered comprehensively with the overall positioning
and scale of the residential area. Secondly, the public service
facilities should adapt to the changing needs of residents and

be constantly changed, basically classi�ed as shown in
Figure 3.

First, the overall spatial layout of the building is de-
termined by considering the climatic characteristics, to-
pography, sunlight, prevailing wind direction, and
surrounding environment of the area to which the settle-
ment belongs. Measuring the carbon emissions in the life
cycle of residential buildings is of positive signi�cance for
controlling carbon emissions and slowing down the global
deterioration. In order to accurately calculate the life cycle
carbon emissions of residential areas, it is necessary to
comprehensively consider the carbon emissions in the whole
stage and process of “from nothing to nothing and then from
nothing to something.” AHP-fuzzy comprehensive evalua-
tion model based on fuzzy mathematics is used to evaluate
the advantages and disadvantages of things, and the eval-
uation indexes of each level are evaluated according to the
determined evaluation slogan level.  e appropriate fuzzy
a�liation matrix is established, and the relevant operations
of fuzzy synthesis are carried out by the fuzzy a�liation
matrix and the weight set matrix, so as to make an accurate
judgment on the merits of the studied things. After the
recursive hierarchy model is established, it is necessary to
compare the importance of each index of the same level to
the index of the previous level to which it belongs, i.e., to
determine the weight occupied by each index, so the cor-
responding judgment matrix needs to be constructed �rst.
 at is, the diversity constraint is transformed into an upper
and lower bound constraint for the classi�cation, and the
optimization problem is as follows:

max ∑
i,j

wijxij, (7)

wherewij is the ij judgmentmatrix and xij is the �nal match.
 e original plan is optimized through the scienti�c and

rational use of relevant low-carbon technologies and plan-
ning and design tools. While bringing a certain amount of

�e most frequent
daily activities

Commute

Go to and from school

Purchase

See a doctor

Purchase

Recreational and sports
activitiesRequired activities

Residents' outdoor activities

Figure 2: Frame diagram of outdoor activities of residents in residential areas.
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carbon reduction to the settlement during the planning
stage, it will also contribute to the sustainable development
of the settlement’s economy, society, and environment.  e
subsystems of indicators and the speci�c indicators play
di�erent roles in describing a social phenomenon or social
situation.  erefore, the composite indicator value is not
equal to the simple sum of the subindicators but is a
weighted summation relationship, i.e.,

S �∑
n

i�1
wifi Ii( ), i � 1, 2, . . . , n, (8)

where fi(Ii) represents some measure of Ii and wi is the
weight value of each index.

Secondly, a reasonable building orientation can not only
give full play to natural lighting but also make maximum use
of natural wind, thus reducing the use of machine ventilation,
air conditioning and heating facilities, etc. By evaluating the
carbon sink level of greening in residential areas, we can
highlight the greening tree species, composite structure, and
green space form.  is helps us to analyze the importance of
patch combination index and carbon sink plant proportion in
the construction of low-carbon residential areas and is
conducive to distinguishing between "low-carbon greening"
and "landscape greening."”  e di�erences and similarities
between “low-carbon greening” and “landscape greening” can
be distinguished. At the same time, there are shortcomings
that the evaluation results depend on the experience and
subjective judgment of the participants, and the calculation
process is precise but the judgment is more arbitrary and
cannot be used for problems requiring high precision.
 erefore, after calculating the single ranking weights of the
index factors of a certain level relative to the index factors of
the previous level and then applying the weights of the index
factors of the previous level for weighted synthesis, we can
calculate the total ranking weights of the level.  e weights of
indicators at the same level can be obtained by normalizing
the column vectors and ranking them according to their
weights. e independent variable analysis, on the other hand,

analyzes the higher-order characteristics of the signal, and
�nally the components that are independent of each other can
be derived. Suppose a mixed signal, X(k), consists of
m-dimensional observed signal vectors.

x(k) � x1(k), x2(k), . . . , xm(k)[ ]T. (9)

Finally, the large �oor space and the relatively less shaded
vertical walls that point buildings have determine the building
surface to receive more solar exposure.  e residences are
composed of both residential and o�ce components, placing
the o�ces to the north and ensuring a better daylight en-
vironment.  e residence, on the other hand, is in the south
direction and receives better sunlight, and a special sunroom
is set up directly for the residence’s interior and exterior,
which corresponds to the di�erent sunlight requirements in
di�erent seasons and makes su�cient preparation. Data
envelopment analysis method does not need to determine the
weights in advance, and the index values are ratio values, so
that there is no need to unify the scale by other methods,
which has the advantage of strong objectivity. Among them,
determining the individual factors a�ecting the target is the
key to decision evaluation.  e absolute value is compared
with the speci�ed threshold, and the part less than or equal to
the threshold is 0, and the part greater than the speci�ed
threshold is the di�erence with the speci�ed threshold, which
is the soft threshold denoising.  e calculation formula is

ωλ �
[sign(ω)](|ω| − λ), |λ|≥ λ,
0, |ω|< λ.

{ (10)

After applying the sum and product method to the
judgment matrix to �nd out the weights corresponding to
the indicators, the judgment matrix is �nally tested for
consistency.  e consistency test of judgment matrix a given
by each expert must be carried out before it is adopted. Only
a that meets the conformance test can be used to calculate a.
 at is, in a of N experts, the consistency condition is
satis�ed. Because when comparing results by combining all
indicators of all levels, there are inevitably inconsistent
factors.  erefore, when evaluating the demand for subsi-
dized housing, the relative importance of each indicator
must be determined on a case-by-case basis, usually
expressed in terms of weights.  is is because although each
level has passed the consistency test of hierarchical single
ranking, each judgment matrix has a more satisfactory
consistency. However, when examined together, the non-
consistency of each level may still accumulate and cause
more serious non-consistency in the �nal analysis results.

3. Application Analysis of AHP-Fuzzy
Comprehensive Evaluation Method in the
Evaluation of Influencing Factors of Low-
Carbon Effect

3.1. Environmental ImpactAssessment andAnalysis ofCarbon
Emissions. Urban CO2 emissions, as an environmental ef-
fect resulting from the urbanization process, are considered
the main cause of urban heat island formation. At the same
time, cities are also very vulnerable to the direct e�ects of

Commercial service

Supporting public
facilities in

residential areas

Conservation education

Recreation and sports

Health care

Finance posts and
telecommunications

Figure 3: Classi�cation diagram of public facilities.
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climate change because of the relative concentration of
population, resources, and infrastructure there. Climate
warming, carbon emission, and urbanization process are
intertwined, and in the face of a series of serious ecological
and environmental problems at present, we need to change
the traditional urban development model to cope with them
and accelerate the era of ecological civilization.  e per-
formance test of AHP-fuzzy comprehensive evaluation
method with K-means algorithm and the time consumption
analysis of single-pass algorithm are shown in Figure 4.

Firstly, ETM+ images from Landsat 7 are used as the
main data source, combined with other vector data and
statistical data, to calculate and extract information about
the urban environment and its related factors. Since the pace
of population growth is much faster than the ability of the
environment to absorb the waste generated by human ac-
tivities, a continuously growing population will bring about
a continuous deterioration of the environment. A reasonable
allocation ratio is a means to ensure a reasonable amount of
greenery, and there is a scienti�c basis that excessive
greenery stacking will have an adverse e�ect on the venti-
lation of settlements.  e whole environmental impact
evaluation of carbon emission from the top to the bottom
layer includes target layer, guideline layer, indicator layer
and program layer, etc.  e decision to select and evaluate
the demand for guaranteed housing program is classi�ed as
the establishment of the comprehensive relative importance
system of the bottom layer relative to the top layer of the
target for guaranteed housing demand. In terms of impacts
on abiotic natural processes, sustainable landscapes can help
regulate the dynamic balance of above-ground and
groundwater, reduce the hazards of storm �ooding, and
transform its use. Although each level has been tested for
single ranking of levels, when comprehensive examination is
made, the cumulative superposition of each level is needed,
which still causes non-consistency in the total ranking re-
sults to some extent; therefore, the total ranking of levels also
needs to be tested for consistency. In carbon emission en-
vironmental impact assessment, the data points near the
prediction points are smoothly distributed, and the future
trend can be estimated by analyzing these data points.  is
dataset is mainly based on the basic principles and methods
of “ISO 14067:2018 Greenhouse gases-Carbon footprint of
products-Requirements and guidelines for quanti�cation” to
determine the greenhouse gas emissions throughout the
product life cycle including the whole life cycle from
obtaining raw materials to production, use, and waste. For
the convenience of use, we divide the whole life cycle
emissions of a unit product into upstream emissions,
downstream emissions, and waste management emissions.
Since the construction of this dataset is based on the col-
lection, collation, analysis, evaluation, and recalculation of
public literature, the emission calculation of some products
and some links cannot strictly follow the boundaries and
processes of ISO 14067. For the benchmark datasets, three
datasets Aggregation, Compound, and DIM1024 are se-
lected in this paper, which are described in Table 1.

Secondly, the generated raster values are assigned to the
rectangular grid covering them by mapping all micro-

locational environmental factor indicators and using a
quantitative inversion model.  e energy consumption of
high-rise settlements mainly includes two parts: energy
consumption of residential building system and energy
consumption of external environment of settlements (such
as electricity consumption of street lights and landscape
lights), with energy consumption of residential building
system accounting for the major part. Combining the
current topography and geological conditions, the use of
parking garage, landscape structures, the current water
surface design elevation, and other conditions, the overall
design is divided into two platform systems and the wa-
terfront walking system intersecting with the water surface.
 e design elevation of the waterfront pedestrian system
takes into account the connection with the external entrance
and the two-way accessibility of the waterfront upper �oors,
as well as the interference of pedestrians with the view of the
villa. Residents’ needs and concerns for the public envi-
ronment are low. However, when conditions become better
and the needs of the private domain are satis�ed, the res-
idents will shift their attention and needs to the public
environment and facilities.  e results of the data �tting for
the extraction of textual feature items are shown in Figure 5.

 e biggest driver of carbon emission growth is per
capita growth, and the increase in average annual household
income brings a tendency toward carbon-intensive con-
sumption patterns, which continues to drive the growth of
carbon emissions. In view of the energy consumption of each
part of the settlement and the local resource and environ-
mental conditions, a comprehensive planning of the
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Table 1: Benchmark dataset.

Dataset Aggregation Compound DIM1024
Number of samples 576 283 427
Sample dimension 3 2 6
Number of categories 8 7 3
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settlement energy use is carried out based on the principle of
appropriateness, and the proportion and e�ciency of re-
newable energy use are improved to reduce the overall
energy consumption of the settlement.

Finally, the data of the indicators that have been gridded
are standardized for later data mining and exploration
purposes. In the energy supply chain, we can reduce energy
waste at the source by developing new energy sources, in-
creasing the scale of low-carbon energy use such as wind,
water, and nuclear energy, and improving the e�ciency of
fossil energy use such as coal. In addition, in the process of
waste treatment, with the development of carbon capture
and sequestration technology, the carbon dioxide generated
will be permanently stored on the seabed or in mines.
Experts predict that if the supply, production, and appli-
cation of ground source heat pump technology, it can ef-
fectively reduce the impact of adverse climate on the indoor
environment of buildings, improve the living environment
and reduce the consumption of conventional energy.
 ereafter, it can gradually enter a stable development stage,
showing self-consciousness and initiative. e speci�c layout
techniques can be �exibly changed according to the scale and
positioning of the residential area in order to create a
landscape space with its own characteristics. In addition, in
the absence of low-carbon policies to cope with climate
change, there will be a substantial increase in the carbon
source category indicators.  e physical factor with the
largest correlation coe�cient with human subjective eval-
uation of road tra�c noise can prove that noise exposure
level plays a dominant role in the process of human sub-
jective evaluation, and the change in the size of noise ex-
posure level in the propagation process is mainly determined
by the spatial morphological information related to the
layout of settlement building forms.

3.2. Analysis of IndexWeight in Factors A�ecting Low-Carbon
E�ect. For the weight calculation process of each level, for
example, when conducting the weight calculation of the
target level and the criterion level, this calculation process is
consistent; that is, for any level and several indicator factors

under it, their calculation procedures in determining the
weights are common and feasible. Hierarchical single
ranking is the weight ranking of a group of indicators rel-
ative to the indicators of the higher level to which they
belong, but eventually the weight ranking of each indicator
in each level relative to the target level is determined, i.e., the
total ranking of the levels. In addition, the weights also have
a strong orientation function, and when determining the
indicator weights, the importance of each indicator in the
target should be carefully analyzed and the weights should be
reasonably assigned, so that the comprehensive evaluation
results can be objective. Determining the index weight is
mainly divided into subjective weighting method and ob-
jective weighting method. Subjective weighting method is a
method to determine the attribute weight according to the
importance of each attribute.  e original data are obtained
by experts’ subjective judgment based on experience.  e
basic idea of objective weighting method is to determine the
attribute weight according to the connection degree of each
attribute or the amount of information provided by each
attribute.

Firstly, the in�uencing factors of low-carbon e�ect are
analyzed in terms of correlation and a�liation, so as to form
a multi-level weighting analysis model. In most countries,
the share of government �scal expenditure can be used to
comprehensively measure the government’s macro-control
e�orts, and this indicator can re�ect the proportion of social
resources spent by a country or region’s government to the
total social resources, which is convenient for international
comparison. Due to the high population density of high-rise
settlements, the public buildings occupy a large area
according to the 1,000 people index method, and the
buildings are large in shape, which often cause the e�ect of
domination in the central space, and the outdoor activities
for residents in the central space are the remaining corner
areas squeezed by public buildings.  e comprehensive
evaluation indicators include two parts: external indicators
and internal indicators.  e external indicators include
Jaccard similarity, FM index, and Rand index; the internal
indicators include DBI index and Dunn index.  e external
performance indexes of the algorithm in this paper are tested
with single-pass algorithm as a reference.  e experimental
results of Jaccard index, FM index, and Rand index are
shown in Figures 6, 7, and 8.

In terms of the relationship between the building and the
dominant wind direction, the ventilation of a single building
is best when the main façade (long side) of the building is
laid out vertically with the dominant wind in summer.
However, it is not optimal for the overall building layout of
the residential area because this layout tends to a�ect the
summer ventilation e�ect of the rear buildings. According to
the fuzzy evaluation terminology, a certain number of rel-
evant experts are invited to judge the rank of each index of
the lowest �oor, and the judged rank is transformed into the
a�liation degree.  rough scienti�c and e�ective means,
uphold the concept of sustainable development, integrate all
major factors, avoid the recurrence of pollution of the
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Figure 5: Data �tting results.
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environment, jointly create a harmonious and natural living

environment, combine social and economic development

with nature, and improve the living environment and
spiritual enjoyment of residents.

Secondly, constructing the judgment matrix is a key
step of the AHP method.  e judgment matrix is formed
by comparing two by two the same-level indicators af-
fecting the low-carbon e�ect with respect to the extent to
which they a�ect the factors of the upper-level indicators.
 e expansion of the functions of a country and the
expansion of the scope of state activities, as well as the
government’s e�orts to maintain market order, address
externalities, and optimize the allocation of resources,
will increase the proportion of �scal expenditure ac-
cordingly.  e indicators of the evaluation of the con-
struction e�ectiveness of high-rise settlements must be
directly related to the construction e�ectiveness of high-
rise settlements and can e�ectively re�ect part of the
construction e�ectiveness of high-rise settlements, rather
than indicators that are irrelevant or not closely related to
the construction e�ectiveness of high-rise settlements.
Since the traditional sound pressure level evaluation
method is one-sided, ACF and IACF analysis methods are
introduced to analyze the temporal and spatial charac-
teristics of measured road tra�c noise.  is paper uses
DPC, KNN-DPC, and AHP-fuzzy integrated evaluation
method to conduct experiments to verify the e�ectiveness
as well as the feasibility of the AHP-fuzzy integrated
evaluation method in this paper.  e results are shown in
Table 2.

Finally, hierarchical single ranking and hierarchical total
ranking are performed according to the judgment matrix,
and then the evaluation factors and evaluation factor weights
are determined. Environmental pollution may have di�erent
characteristics depending on di�erent open economic
conditions, and the expansion of a country’s exports will
increase the consumption of energy and resources, thus
leading to the intensi�cation of the degree of environmental
pollution.  e indicators for the evaluation of the con-
struction e�ectiveness of high-rise settlements must be
comparable, and there should be a large enough gap between
the indicator data of di�erent high-rise settlements in the
evaluation range to distinguish the advantages and disad-
vantages of the construction e�ectiveness of di�erent high-
rise settlements. If the evaluation results of a certain indi-
cator of all high-rise settlements are similar, the indicator
loses its signi�cance.  e construction of high-rise settle-
ments is a systematic and complex process, and the resulting
construction e�ectiveness involves various aspects such as
economic construction, industrial construction, cultural
construction, ecological construction, and people’s liveli-
hood construction of the area.  erefore, the selection of
evaluation indexes of high-rise residential construction ef-
fectiveness should also re�ect all aspects of high-rise resi-
dential construction e�ectiveness in a systematic and
comprehensive manner.  e physical factor re�ecting the
spatial information contained in the noise is mainly in�u-
enced by the spatial information of the settlement, including
not only the spatial morphological information related to the
layout of the building form but also the environmental
information.
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Figure 7: Performance comparison of FM index.
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Figure 8: Performance comparison of FM index.
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Figure 6: Performance comparison of Jaccard index.
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4. Conclusions

In recent years, as China continues to promote the con-
struction of a resource-saving society, urban living space also
needs to be developed economically and compactly. Al-
though there are many advantages of low-density settle-
ments, they must also be strictly limited, and the
construction of high-rise high-density settlements is both a
passive choice and an important means of sustainable urban
development in China. Low-carbon planning, as a key
technology and precondition for low-carbon city con-
struction, has become a major direction of research in urban
and rural planning disciplines.-e high speed of urbani-
zation makes the construction volume of urban settlements
higher, and the energy security and environmental pollution
brought by it can be solved by certain low-carbon and
energy-saving technical means, but technology is not the
only solution, and the application of low-carbon guiding
technology from the source of settlement construction, i.e.,
planning and design, will become a new trend in the de-
velopment of settlement construction concept. Both AHP
and fuzzy integrated assessment are good at dealing with
imprecise and fuzzy information, simulating human com-
prehensive judgment and reasoning ability, and establishing
a link between qualitative and quantitative analysis. So, this
paper explores the linkage between AHP and fuzzy com-
prehensive evaluation method on the basis of constructing
an index system for evaluating the effectiveness of planning
EIA and makes a comprehensive quantitative evaluation of
the effectiveness of instance planning EIA. Based on the
analysis and summarization of carbon effect evaluation
studies, the influencing factors of carbon effect of urban
high-rise residential planning and design scheme are ana-
lyzed. -us, it provides more scientific, advanced, and
reasonable methods and strategies for the development of
ecological settlements to achieve the predetermined low-
carbon goals and to obtain the ecological-economic win-win
results.

Data Availability

-e data used to support the findings of this study are
available from the corresponding author upon request.

Conflicts of Interest

-e authors declare that they have no conflicts of interest.

References

[1] Y. Wang, “AHP evaluation method of urban residential area
planning and design quality,” Regional Governance, vol. 20,
p. 1, 2018.

[2] L. Pan, J. Sun, and R. Zhou, “Research on the construction of
age-friendly community based on fuzzy comprehensive
evaluation model: evidence from community in hefei of
China,” Risk Management and Healthcare Policy, vol. 14,
p. 3841, 2021.

[3] H. Zhang and Li Chen, “Sponge city investment risk evalu-
ation based on AHP-fuzzy comprehensive evaluation
method,” Green Science and Technology, vol. 22, p. 4, 2018.

[4] J. Mosseray, N. Aernouts, and M. Ryckewaert, “Institutional
ethnography: a transformative mode of inquiry in the reno-
vation of a Brussels high-rise housing estate,” European
Planning Studies, vol. 2022, pp. 1–17, Article ID 2057186, 2022.

[5] T. Liu, Y. Wang, H. Li, and Y. Qi, “’’China’s low-carbon
governance at community level: a case study in Min’an
community, Beijing,” Journal of Cleaner Production, vol. 311,
Article ID 127530, 2021.

[6] B. Xu and J. Chen, “How to achieve a low-carbon transition in
the heavy industry? A nonlinear perspective[J],” Renewable
and Sustainable Energy Reviews, vol. 140, Article ID 110708,
2021.

[7] G. O. Gil, J. I. Chowdhury, N. Balta-Ozkan, Y. Hu, L. Varga,
and P Hart, “Optimising renewable energy integration in new
housing developments with low carbon technologies,” Re-
newable Energy, vol. 169, pp. 527–540, 2021.

[8] B. Jin, M. Sun, and H. Li, “Evaluation of plant landscape in
Guilin “two rivers and four lakes” tourist attractions based on
AHP-fuzzy comprehensive evaluation method,” Northern
Horticulture, vol. 1, pp. 203–207, 2017.

[9] B. Wang, X. Xintian, and S. Lan, “Cultural value evaluation of
forest parks based on AHP-fuzzy comprehensive evaluation
method,” Forestry Economics, vol. 39, no. 11, p. 5, 2017.

[10] F. Ruixue and Y. Wang, “Research on the planning method of
high-rise residential areas based on sunshine analysis and
calculation,” Jushe, vol. 11, p. 2, 2019.

Table 2: Calculation results of index weights of different algorithms.

Algorithm DPC KNN-DPC AHP-fuzzy comprehensive evaluation method
Parameter 0.2 0.4 5
Purity 0.452 0.376 0.568
F1 0.334 0.452 0.631
ARI 0.462 0.675 0.885

Mathematical Problems in Engineering 9


