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Suitability Evaluation of Garden Landscape in Chizhou Residential

Area
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Abstract Through the field survey of construction of garden landscape in residential areas, combined with the analytic hierarchy process

(AHP) , this paper established a reasonable and feasible suitability evaluation system for garden landscape in residential areas. Researches in-

dicated that the environment of garden landscape in residential areas of Chizhou City in Anhui province remains at the level of intermediate and

lower level, and there are great differences between different areas. In the later period of the construction, it is recommended to strengthen the

construction of soft physical environment for new residential areas, and speed up the improvement of the physical environment of the residential

areas already built and under construction, so as to create a livable space with beautiful environment, excellent ecology, deep community cul-

ture, and outstanding regional characteristics.
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1 Introduction

With all-round extension of new urbanization and urban and rural
integration and demands for open blocks, urban physical environ-
ment elements, such as rivers, lakes, forests and grasslands, air
and soil, have been damaged in varying degrees, and seriously
threaten healthy and sustainable development of living environ-
ment. In the construction of urban garden green space system, the
landscape quality of garden plants will determine the overall level

7 Improve the living environment

of urban green space system
and creating comfortable and pleasant living space have become an
important common understanding of human self-improvement and
self-development process. Urban residential area, as relatively in-
dependent and open public space, is an important habitat for ac-
tivities of residents. In recent years, theoretical researches about
residential landscape have gradually become mature: Garden De-
sign: Urban Landscape by Meng Zhaozhen"”' | Problems of Garden
Landscape in Nanning Residential Area by Liangli”' | Garden
Landscape Evaluation and Optimization of Nanjing Residential Area
by Zheng Xiaojuan:” , The Reflection of Current Landscape Design
of Residential Community in Cities by Zhang Wenying"'. Through
in-depth research and analysis, these scholars applied their own
specific research methods, obtained relatively applicable models
objectively reflecting the landscape characteristics of urban resi-
dential areas, and have made considerable research findings.
However, three are few researches about suitability evaluation of
garden landscape in residential areas by analytic hierarchy process
( AHP)'®!

Chizhou as research object.

and no research about overall living environment of

2 Study methods

Chizhou City is a core area of international cultural tourism dem-
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onstration zone of southern Anhui Province, the first domestic
" Eco-economic Demonstration Zone" and " Waterfront Leisure Ec-
otourism City", and the first " sponge city" construction pilot
city”, and its ecological quality has attracted a wide attention of
the society and residents. Firstly, we established a reasonable and
feasible landscape evaluation system, introduced the AHP, and
transformed subjective judgments into objective description through
the quantitative processing. We made weight assignment judgment
according to the importance of all levels of garden landscape ele-
ments and decision-making level. Through the judgment matrix,
we can get the weight value of the garden elements in the urban
garden system, and use it as the basis for decision-making of land-
scape construction'® . Secondly, we mainly used the typical green
space sampling survey method to analyze the public green space,
road greenbelt and house green space in the residential areas, and
selected typical quadrat to carry out consolidation and statistics of
the diversity of tree species. Thirdly, we carried out analysis and
evaluation of garden landscape of different residential areas based
on the modern, the core is to transform the qualitative indicators
into quantitative indicators, so as to provide decision-making basis
for decision-makers. We analyzed merits and drawbacks of garden
landscape elements of different regions, built judgment matrix and
calculated the weight value of the judgment matrix by square root
[9]

1

method, and carried out the consistency test to test the feasi-

bility of the model.

3 Building model for suitability evaluation of garden
landscape in residential areas

3.1 Selection of evaluation factors In order to guarantee the
evaluation model is generally applicable, taking the Directive Code
of Residential Areas Environment & Landscape Design (2006 formal
version) as the basis, combined with landscape aesthetics, land-

scape design principles, landscape ecology principles, and char-
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acteristics of Chizhou City, following basic requirements of land-
scape design, we selected evaluation factor indicator system. Se-

197 is as follows. (i) Orna-

lection of the criterion layer indicators
mental feature of the overall environment: it is divided into excel-
lent, good, general, and poor according to intuitive feelings. (ii)

"', it can be divided into very complex,

Plant configuration types[l
complex, general, and simple according to the complexity of plant
configuration. (iii) The green coverage of the garden landscape:
taking the Directive Code as basic basis, it can be divided into ex-
cellent ( >35% ), good (35% -30% ), general (30% —-25% ),
and poor ( <20% ). (iv) Plant species abundance: it can be di-
vided into extremely high ( > 50% ), relatively high (30% -
50% ), general (10% —29% ), and low ( < 10% ) according to
the proportion of the total number of species in the same region or
in the same administrative division. (v) The diversity of spatial
form'"*'; it can be divided into very complex ( <40% ), complex
(40% -60% ), general (60% —70% ), and simple ( > 70% )
according to the complexity of spatial form. (vi) The satisfaction
of overall environment'*'; it can be divided into well satisfied,
satisfied, less satisfied, and unsatisfied according to the intuitive
experience of users. (vii) The sense of belonging: it can be di-
vided into very strong, strong, general, and weak according to the
living experience of users. (viii) Hard landscape materials and

colors!™!

: it can be divided into excellent, good, general, and
poor according to elements of selected hard landscape materials
and colors. (ix) The degree of coordination between hard land-
scape elements and habitat; it can be divided into well coordina-
ted, coordinated, not coordinated, and poor according to the de-
gree of coordination between the hard landscape elements and the

surrounding environment. (x) The practical level of hard land-

scape elements:; it can be divided into extremely practical, practi-
cal, not applicable, and poor according to the practical level of
the hard landscape elements in daily life. (xi) Visual and psycho-
logical feelings of the hard landscape elements: it can be divided
into very strong, strong, general, and weak according to the visual
and psychological feelings of the hard landscape elements. (xii)
Guiding functions of roads: it can be divided into very strong,
strong, general and weak according to level of guiding functions of
roads. (xiii) The completeness of auxiliary facilities; it can be di-
vided into excellent, good, general and poor according to the com-
pleteness of auxiliary facilities in residential areas. (xiv) The rea-
sonableness of barrier-free design: it can be divided into very rea-
sonable, reasonable, unreasonable, and poor according to conven-
ience degree of barrier-free travel. (xv) Water features of land-
scape: it can be divided into excellent, good, general, and poor
according to the water demands of users and water landscape ele-
ments of the fitting degree. (xvi) The richness of water landscape
types: it can be divided into very complex ( <40% ), complex
(40% -50% ), simple (50% —60% ), and poor ( > 60% ) ac-
cording to the complexity of water landscape types. (xvii) Water
self-purification capacity; it can be divided into very strong,
strong, general, and weak according to self renewal and purifica-
tion ability of water in natural state. (xviii) The reasonableness of
arrangement of the sheltered landscape: it can be divided into
highly reasonable, reasonable, general, and unreasonable accord-
ing to the actual demands of users and the degree of reasonable-
ness of arrangement of the landscape elements. (xix) The comfort
of sheltered landscape; it can be divided into excellent, good,
general , and poor according to the comfort of sheltered landscape.

(xx) The frequency of the use of sheltered landscape
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Data source: automatically generated from evaluation model.

Fig. 1 Suitability evaluation model for garden landscape in Chizhou residential area



Zhenlong MIAO. Suitability Evaluation of Garden Landscape in Chizhou Residential Area 71

it can be divided into very frequent ( > 25 times), frequent
(15 =25 times) , general (10 — 15 times), and seldom ( < 10
times) according to average monthly use times of each user. We
divided the indicator factors of criterion layer into three levels with
the scores of 0 =1, 1 -2, and 2 -3, respectively, and the evalu-
ation layer corresponds to unsuitable, general and suitable. We
divided the sub-criterion layer into four and assigned 0 point,
1 points, 2 points, and 3 points separately. When assigning val-
ues to the landscape elements, if the actual situation remains be-
tween the two levels, it is necessary to conduct the second assign-
ment according to the actual situation.

3.2 Establishment of evaluation model Through the litera-
ture reference and expert consultation, with the aid of yaahp soft-
ware, and according to the operation steps of the environment
evaluation model for garden landscape in Chizhou residential areas
(as shown in Fig. 1), we compared the evaluation indicators at
each level and made the assignment judgment.

According to the judgment matrix A, it is also provided with
following feature: a, > 0, aj =1/a;, where a;(i, j = 1, 2K,
K,) weight value denotes the proportion of importance of evalua-
tion indicator A, to A;,. We divided the relative importance of the
adjacent layer, and denote using the natural number 1 -9 and re-
spective reciprocal. The standard group for value setting and the
corresponding meaning are shown in Table 1.

A=(a;)nxn (1)
Table 1 Standard group for value setting
No. A Pair of Definition

comparison values

1 1 Two factors are equally important
2 3 The former is slightly more important than the latter
3 5 The former is obviously more important than the latter
4 7 The former is highly more important than the latter
5 9 The former is extremely more important than the latter
6 2468 The intermediate value of the above adjacent judgment

Data source: self prepared.

Set the maximum eigenvector root of the judgment matrix A to
Al"ﬂb\,\ b
= A

the relative importance of a factor at the same level of the corre-

the corresponding eigenvector is W. As per the formula AW
W, eigenvector W is normalized into the weight vector of

sponding elements compared to the previous level. According to
the formulas (2), (3), and (4), we carried out the consistency
test of the matrix.

L (AW)i
B LA 2
Ao = X (2)
P
¢ = Amn 71 (3)
n-1
Cl
CR = Rl (4)
where n is the dimension of judgment matrix, and A, is the maxi-

mum eigenvalue of judgment matrix. If CI = 0, the result of judg-
ment matrix A is exactly the same as the actual situation; if the C/
value is larger, the consistency of judgment matrix with actual sit-
uation will be worse. The difference in subjective cognition may
lead to the existence of random error. Therefore, a random correc-

tion coefficient RI should be introduced to avoid the influence of
random error when carrying out the consistency test. Relative con-
sistency indicator CR, CR = CI / RIl. If CR < 0.10, the judg-
ment matrix is deemed to have consistency. Through calculation,
we obtained the value of RI, as listed in Table 2, and the judg-
ment matrix meets the requirements and has the consistency.

Table 2 Random consistency indicator of the judgment matrix at differ-

ent stages
Evaluation factor RI Evaluation factor RI
Road landscape 0.027 Hard landscape 0.015
Green plant landscape 0.015 Water landscape 0
Site landscape 0 Sheltered landscape 0.027

Data source: self prepared.

4 Evaluation and analysis on suitability of garden
landscape in sample residential areas
4.1 Survey of garden landscape in sample residential areas
We firstly surveyed 8 residential areas in Chizhou City: Maya
residential area, Shuimu Tsinghua, Yingbin Garden, Country
Garden, Chunjiang Garden, Huijing International Garden, Eng-
land-style House, Scholarly Family; we studied and analyzed
landscape closely related to daily life of residents: house green
space, public green space, and road green space. For different
residential areas, we selected the main elements of garden land-
scape in sample residential areas (namely, the sub-criterion layer
evaluation factors) , and carried out photo taking and statistics of
the relevant indicators. We invited 20 landscape experts and de-
signers to assign and evaluate 30 photos of current situation of the
landscaping plants in eight residential areas.
4.2 Evaluation and analysis on garden landscape in sample
residential areas
4.2.1 Evaluation of garden landscape in sample residential are-
as. In the elements of garden landscape evaluation system, we
took factors with weight value higher than 0. 06 as the strong influ-
encing factors, factors with weight value between 0.02 —0.06 as
the intermediate influencing factors, and factors with weight value
lower than 0. 02 as the weak influencing factor. From Table 3,
three items of the criterion layer ( green plant landscape, hard
landscape, and site landscape) account for 73.73% of total indi-
cator layer, and are leading evaluation factors for suitability evalu-
ation of garden landscape in residential areas.

According to the strength, the influencing factors can be di-
vided into (i) strong influencing factors: ornamental feature of the
overall environment, green coverage of the garden landscape,
plant configuration types, the sense of belonging, the satisfaction
of overall environment, visual and psychological feelings of the
hard landscape elements, and the degree of coordination between
hard landscape elements and habitat. These 7 factors account for
58.94% of total indicators. (ii) Intermediate influencing factors:
plant species abundance, diversity of spatial form, hard landscape
materials and colors, convenience of use, completeness of auxilia-
ry facilities, reasonableness of barrier-free facilities, richness of
water landscape types, water features of landscape, reasonable of
arrangement of the sheltered landscape, and comfort of sheltered
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landscape. These 10 factors account for 36.62% of total indica-
tors. (iii) Weak influencing factors: water self-purification ca-
pacity, guiding functions of roads, and frequency of the use of

sheltered landscape. These 3 factors account for 4.44% of total
indicators.

Table 3  Suitability evaluation system for garden landscape in Chizhou residential areas

Score of suitability evaluation for garden landscape in residential areas

Total indicat o
o AT terion layer Sub-criterion layer Weight Country Shuimu England Huulrlg Chunjiang Scholarly I\'/[aya' Yingbin
layer . style  International .~ Residential
garden Tsinghua Garden ~ Family Garden
House Garden Area
. C1 overall ornamental feature 0.0927 2.91 2.79 2.4 1.90 1.34 1.25 1.21 0.75
(’1’““ €2 plant configuration forms 0.0744 3.00 2.56 2.15 1.57 .25 1.4 137  0.52
ant
Bl mo.2gsy €3 plant abundance 0.0360 2.77 2,67 1.89  1.53 114 1.23 107  0.64
' C4 green coverage 0.0621 2.81 2.44 2.10 2.03 1.63 1.52 0.97 0.81
Site C5 diversity of spatial form 0.0208 2.64 2.38 2.09 2.10 1.20 1.20 0.89 0.55
landscape C6 satisfaction 0.1039 2.70 2.59 2.49 2.10 1.50 0.84 0.46 0.43
B2 =0.2286 (7 sense of belonging 0.1039 2.64 2.43 2.43 2.24 1.63 1.12 0.56 0.37
F,-valuallon m= 4 C8 materials and colors 0.0436 2.35 2.50 2.67 1.98 1.72 0.70 0.44 0.41
dicators A for  Har €9 coordination with environment 0.0890 1.93 2.61 2.46 1.65 L.66 1.24 0.5  0.75
garden land-  landscape )
. C10 convenience of use 0.0475 1.76  2.03 1.89 1.91 1.53 0.83 0.90 0.64
scape environ- B3 =0.2435 ) ) _
. . Cl11 visual and psychological feelings ~ 0.0634 2.14 2.33 2.15 1.89 1.69 1.05 0.83 0.39
ment in Chizh-
. . Road C12 guiding functions of roads 0.0131 2.18 2.20 1.96 1.95 1.35 1.14 1.13 0.39
ou residential
areas landscape C13 completeness of auxiliary facilities 0.0456 2.65  2.53  2.41 2.01 2.36 0.90 1.12 0.48
B4 =0.0906 C14 barrier-free facilities 0.0319 2.55 2.55 2.29 1.44 2.18 0.80 0.76 0.46
Water C15 water features of environment 0.0420 2.38 2.40 1.76 1.75 1.75 0.00 0.00 0.00
landscape C16 richness of water landscape 0.0240 2.70 2.20 1.58 1.64 1.64 0.00 0.00 0.00
B5=0.0803 C17 water self-purification capacity 0.0143 1.50 1.02 1.38 1.30 1.30 0.00 0.00 0.00
Sheltered C18 reasonableness of arrangement 0.0383 2.59 2.49 2.06 1.33 1.33 1.00 1.04 0.83
landscape C19 comfort of environment 0.0365 2.53 2.30 1.74 1.24 1.24 0.61 0.55 0.41
B6 =0.0918 (20 frequency of use 0.0170 1.34 1.76  1.57 1.72 1.72 1.39 1.20 0.73

Data source: arranged on the basis of model analysis results.
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Data source: self prepared.

Fig. 2 Distribution of sub-criterion layer evaluation factor weight in the garden landscape evaluation system for Chizhou residential areas

4.2.2 Analysis of garden landscape in sample residential areas.
According to the analysis of the evaluation model, there are great
differences between different regions. The overall quality of garden
landscape in residential areas of Downtown, Zhanqian District,
and Qishan Mountain and Pingtian Lake Resort District takes up
the major position in evaluation system, and garden landscape has
higher quality; in Downtown, Eastern Economic Park, Maya Tour-
ist Service Area, the garden landscape is relatively weak in evalua-
tion system, and garden landscape quality is low and it lacks hu-

[15]

mane caring of landscape In the garden landscape suitability

evaluation model, there are great differences in indicator factors of

the criterion layer. Through assignment calculation of the judgment
matrix, we obtained the average score of 7 strong influencing fac-
tors: 1.67 points; the average score of 10 intermediate influencing
factors: 1.48 points; the average score of 3 weak influencing fac-
tors is 1. 25 points. In the evaluation indicator system, there are
also great differences in 20 items of sub-criterion layer evaluation
factors, as shown in Fig. 2. The ornamental feature of the overall
environment, green coverage of the garden landscape, plant con-
figuration types, the sense of belonging, the satisfaction of overall
environment, visual and psychological feelings of the hard land-

scape elements, and the degree of coordination between hard land-
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scape elements and habitat have strong influence on the evaluation
indicator system; the plant species abundance, diversity of spatial
form, hard landscape materials and colors, convenience of use,
completeness of auxiliary facilities, reasonableness of barrier-free
facilities, richness of water landscape types, water features of
landscape, reasonable of arrangement of the sheltered landscape,
and comfort of sheltered landscape have intermediate influence on
the evaluation indicator system; the water self-purification capaci-
ty, guiding functions of roads, and frequency of the use of shel-
tered landscape basically have no influence on the evaluation indi-
cator system.

5 Conclusions and discussions

Through the field survey of construction of garden landscape in res-
idential areas, combined with the analytic hierarchy process
(AHP) , we established a reasonable and feasible suitability evalu-
ation system for garden landscape in residential areas. Our analysis
indicated that the environment of garden landscape in residential
areas of Chizhou City in Anhui province remains at the level of in-
termediate and lower level, and there are great differences between
different areas, showing high unbalance. In water self-purification
capacity, guiding functions of roads, and frequency of the use of
sheltered landscape, the effect is poorest. In later period of con-
struction, it is required to take overall consideration of the rela-
tionship between people, logistics, and traffic information flow in
the residential areas, properly treat the relationship between prac-
ticality and accessibility of roads; when arranging water landscape,
it is required to keep flow of water body and strengthen water self-
purification capacity ; when arranging sheltered landscape, it is re-
quired to consider the travel psychology, behavior custom, visual
effect, and experience effect of residents, so as to better serve peo-
ple. For those areas with living as main function, residential area
planning and construction should center on demands of residents.
The landscape design full of humane care must properly treat the
relationship between elements of garden landscape and the sharing
of resources. In later period of construction, we should strengthen
input in the soft material environment in the residential area, pro-
vide appropriate infrastructure suitable for the size of residential ar-
ea, and accelerate the transformation of many unreasonable prob-
lems in residential areas, to better serve the majority of residential
areas. In addition, we should cultivate the sense of pride and

sense of responsibility of the main residents of residential areas.
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(From page 68)
relevant legal system, promote the construction of rural financial
market and other relevant elements of the market, so as to effec-

tively activate the property rights of farmers.
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