
 
Landscape Research Record No.2 

106 

LANDSCAPE PERFORMANCE ASSESSMENT OF URBAN WETLAND 
PARK PLANNING AND DESIGN: CASE STUDY OF 
WUZHOU WETLAND PARK IN CHINA 
 
XU, JIE 
Shanghai Tongji University, 1239 Si Ping Road, 200092, Shanghai, P.R.China, jaytongji@qq.com 
 
WU, CHENG-ZHAO 
Shanghai Tongji University, 1239 Si Ping Road, 200092, Shanghai, P.R.China, 1482420053@qq.com 
 
MA, XIU-WEN 
EBU Architects Design Consultation Company, Rm. 7202-7203# Building 7, The Bridge 8 Phase III, 550 
Jumen Road, Shanghai, P.R.China, claire@ebuarchitects.com 
 
 
1 ABSTRACT 

The study is to assess the landscape 
performance of a wetland park planning in China by 
comparing and quantifying eight key metrics with 
three planning  proposals. A  Landscape 
Performance Distribution Map (LPDM) method was 
introduced to interpret the relationship between 
sustainability and landscape performance. The 
method of the research was to apply a Multi 
Scenario Analysis (MSA) by using  GIS and 
quantified landscape performance assessment 
(LPA). The case study focused on three phases: 
metrics selection, LPA and LPDM application. For 
the first phase, decision makers proposed to define 
eight metrics to assess the environmental, social 
and economic benefits. Then, based on the storm 
water analysis of the past decades precipitation and 
upstream storm water volume data, flood storage 
capacities (20-year, 50-year and 100-year) were 
calculated by inputting the three planning proposals 
using spatial GIS methods. Eight different metrics 
including the flood storage capacity were calculated 
and compared. The study proved the feasibility to 
apply LPA in landscape planning stage and 
provided LPDM as a potential method to bridge 
sustainability and LPA from environmental, 
economic and social aspects. The visualized 
results of LPDM improved the understanding how 
the tradeoffs could happen between economic, 
environmental and social aspects. 
 
1.1 Keywords 

landscape performance assessment, multi scenario 
analysis, landscape performance distribution map, 
wetland park 
 
 
2 INTRODUCTION 

 
The purpose of this paper is to apply an 

integrated approach on the landscape assessment 
in a wetland park planning. This approach applies 

techniques such  as landscape performance 
assessment  (LPA)  and  Multi  Scenario  Analysis 
(MSA; Bood and Postma, 1998) and tools such as 
GIS spatial analysis to bridge the gap between 
landscape performance assessment and decision 
making process. LPA is a new concept that has 
aimed to develop a quantified outcome assessment 
tool for planning, design and decision-making after 
the landscape suitability analysis theory. The LPA 
is  trying  to  help  decision  makers  balance  the 
environmental, economic and social outcome by 
understanding and quantifying what we did get from 
the landscape point of view. Most of the LPA case 
studies now were based on the finished projects 

and calculated the before-after performance 
difference. However, there is no answer  if it is 
possible to use the LPA and how to use that during 
the  planning  and  design  stage  due  to  the  gap 
between  planning  tools  and  LPA  methodology. 

Assessing the  multi scenario  landscape 
performance would greatly improve the decision- 
making process for landscape planning and design. 

The overall objective of the study was to develop 
a Landscape Performance Distribution Map 
(LPDM) approach based on LPA as an urban 
planning supporting tool to integrate the spatial, 
data analysis. The method can support the spatial 
landscape planning processes on formulating and 
evaluating a number of planning scenarios by using 
simulation and quantified LPA methods. 
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3 CONTEXTUAL OVERVIEW AND 
THEORETICAL TECHNIQUES FOR 
LPA 

Landscape Architecture Foundation (LAF) defined 
LPA as “the measure of efficiency and 
effectiveness with which landscape solutions fulfill 
their intended purpose and contribute toward 
sustainability”. How to assess the outcome for 
landscape planning and design projects was a 
global phenomenon and firms are in need of 
metrics and standards to learn how to quantify 
benefits (Ndubisi and Li, 2013). The methods used 
in LPA now could be seen as a combination of 
quantified landscape studies including national 
stormwater calculator, green infrastructure values 
etc. 
On the other hand, Landscape Suitability Analysis 
(LSA; Hopkins, 1977) theory proposed to analyze 
the fitness of the land and focused on the strategic 
development of the landscape planning. 
Numerous quantitative metrics have emerged from 
landscape planning (Botequilha and Ahern, 2002) 
from LSA or LPA methods. While comparing the 
toolkits used by LPA and LSA methods, we found 
the toolkits used by LPA was not only limited to 
constructed environment but also to provide an 
estimated performance or quick facts. But LPA was 
now limited to what kind of data could be collected 
(Ndubisi and Li, 2013). In this case, we could image 
very limited designers would prepare the data 
during the design-construction process which 
means a limited LPA application and a limited 
conclusion LPA could draw. It would be no doubt 
that if the researchers and practitioners could 
foresee the landscape performance before the 
construction. To use the LPA during the planning 
stage, the researchers had to deal with different 
scenarios. 
As a strategic management tool, scenario analysis 
had been approved to be effective for decision-
making. In landscape planning field, the Multi 
Scenario Analysis method (MSA; Wollenberg et al., 
2000) is to depict several feasible status to 
achieve a series of social, ecological and economic 
goals. To integrate the MSA and LPA would be a 
worthy try for researchers and practitioners. 
 
4 STUDY AREA 

The selected study area was in the Longxu District 
of Wuzhou, Guangxi Province in China. The study 
area boundary was a 7.83 square kilometers 
wetland park (Figure 1). The aim was to find an 
optimal development scenario for the wetland park 
planning while improving ecological conditions and 

creating recreational and educational activities. The 
goal for the Zoning plan was to create a new Eco- 
City while keeping the existing pond as a central 
lake providing storm water storage. The whole 
water system consists of three main elements. First 
one was the center lake serving as a big detention 
pond with a 1.8 million cubic meters flood storage 
capacity. Second was the canal for refilling the 
center lake with dam controlled during the drought 
season. And the last one was the focused study 
area as a wetland park (Figure 1). 
This study area was chosen for several reasons. 
It is undergoing rapid economic and urbanization 
developing circle with several national and 
provincial policies, such as North Gulf Economic 
Zone Policy, the Experimentation cooperation 
area policy for Guangdong and Guangxi provinces 
etc. Due to the average 13% GDP developing 
rate, the Wuzhou government approved the 
regional master plan and set up the Canghai new 
district. It was a typical situation illustrating the 
forming of New Eco City in China, which usually 
developed with green infrastructure projects. The 
quick change of the land use in the coming years 
could help to understand how the LPA study 
could contribute to the relationship between 
urbanization and green infrastructure 
constructions. 
Secondly, the site was historically known as a 
vulnerable flooding area and its huge loss. The 
development for a  new city district required  an 
improvement of the flood protection standard from 
20-year to 50-year and even 100-years. With more 
observation stations were established, the data 
would be accessible. A 63 years’ annual, monthly 
and daily water flow, precipitation database was set 
up and obtained by the researchers. 
The site was the only exit for the Xiaxiao River, 
which collecting storm water for a 673.13 square 
kilometer big watershed. It’s a part of the total 80 
kilometers long river with the 1.6% average slope. 
The historical data showed that the annual 
average highest water level for the river is between 
19-21meters, but the flood variation dramatically 
changed during May to September. The extreme 
floods in 1994, 1998 and 2005 had a 300,000 tons 
farmland loss and flooded 66 square kilometers 
areas (PRWRC, 2014). 
The average precipitation data was 1454.9mm 
annually. May is the highest precipitation month 
during the year with 15.7% of the whole volume. 
The local water system design institute PRWRC 
recommended focusing on the wetland park 
response to 50-year flooding situation. 
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Figure 1. Location Map of the Site and Three Main Water System Components (2013) Diagram by 

EBU Architects Design Consultation Company 
 

 
Figure 2. Location Map of the Main Water Elements, Dams and Water Survey Station (2013). Diagram by 

EBU Architects Design Consultation Company. 
 

There are three water dams and one water survey 
station in the study area provided statistical data 
(Figure 2). The Hebu water survey station 
collected a series data from 1958 till 2011. Dam 2 
and Dam 3 are controlling the artificial Canghai 
Canal to refill the main water body during drought 
season. For this study, the data came from the 
Hebu water survey and the Guangxin Dam to 
control the main water body. One of the key metrics 
was to assess the detention volume for different 
scenarios for 20, 50 and 100-year flooding 
situation. 

5 METHODOLOGY 
The three main phases of the methodology adopted 
for this research are Metrics Choice Phase, Multi 
Scenario Analysis Phase integrating LPA and 
Landscape Performance Distribution Map (LPDM) 
analysis phase. Based on these phases, spatial 
GIS approach was used to simulate the flooding 
capacity for three proposals. Land use 
information and trail length were vectorized and 
calculated in AutoCAD software. The cost related 
figures were calculated in AutoCAD and 
summarized based on local average cost provided 
by the investor based on the other ongoing projects. 
It showed the three phases of this study in a 
diagrammatic form as following figure. The details 
of the main processes would be presented below. 
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Figure 3. Methodology and Study Process for the Study (2013). Diagram by Authors 
 
 
Table 1. Metrics selection based on threats and goals analysis  
Category Dominant threats Main goals Main Metrics to compare 

Environmental 
Benefits 

Historically 
floodplain 

Provide flood 
protection 

Flood storage capacity 

Meadow and forest area 

Social 
Benefits 
 
Economic 
Benefits 

Lack of public space 
and attractive 
recreation 

Balance the 
construction cost 
with the property 
value increase 

Increase walkability 
and attract tourists 
 
Create developable 
tourism or leisure 
oriented plots to 
balance the wetland 
construction cost 

Expected visitors 

Trail and electronic cart road length 

Developable land created Agriculture 

Land preserved 

Public building cost and village 
revitalization cost 

Construction cost 
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Table 2. Flood storage requirement simulations for Xiaxiao River (2013). PRWRC report 
Time 
series Cv Cs/Cv 100-year 50-year 20-year 10-year 5-year 2-year 

54 years 0.95 2 34.17 
million 
cubic 
meter 

29.18 
million 
cubic 
meter 

22.57 
million 
cubic 
meter 

17.53 
million 
cubic 
meter 

12.46 
million 
cubic 
meter 

5.63 
million 
cubic 
meter 

 

5.1 Metrics Selection 
Setting long-term goals, specifying objectives and 
formulating strategies to achieve these objectives 
are the key elements in a planning process (Prusty 
et al., 2010). In the first phase, the study used a 
Threats-Goal-Metrics logic after a series of 
meetings. The decision makers were combined 
with government representatives, regional water 
management bureau, master planers, professional 
designers and developers together. The triple 
bottom line concept was used as a theoretical 
base considering the economic, social and 
environmental threats. The dominant threats and 
goals for environmental, economic and social 
benefits were confirmed and eight key metrics 
including flood storage capacity, meadow and 
forest area, expected visitors, trails and 
electronic cart road length (note: the trails here 
means recreational trails, the electronic cart road 
length means the recreational transportation trails. 
Both the metrics was normally used in wetland park 
planning to assess the environmental capacity.), 
developable land created, agriculture land 
preserved, public building cost and village 
revitalization cost and construction cost. 
One of the key metrics discussed mostly was the 
flood storage volume. According to the water 
system feasibility report and the flooding study, 
the regional flooding capacity for 20-year, 50-
year, and 100-year was 22.57, 29.18 and 34.17 
million cubic meters. 
The central lake provided a storage volume from 18 
million to 19.25 million cubic meters when the 
water level varying from 20 to 21.2 meter by 
itself.   Due   to   the   recreational   and   visual 
Table 3. Cost estimations for three options 

requirements for the new city, the decision makers 
decided to control the water level 20 meters as 
much as possible. The study will use the 20 meters 
water level for the central lake and a storage 
capacity of 18 million cubic meters added to each 
scenario for the overall flooding capacity 
calculation. The 20-year, 50-year and 100-year 
flooding volume stored by the wetland park should 
be as close as to 4.57, 9.93 and 14.92 million cubic 
meters. 
 
5.2 Multi Scenario Analysis 

In the second phase, a GIS database was 
developed to provide data for spatial and analytical 
LPA. Existing topographic data and land use maps 
were collected and vectorised from three proposals. 
There are mathematic performance assessments 
and spatial analytical performance assessments in 
the study. Seven of the eight metrics selected for 
the study were used mathematic methods. For 
these metrics, an attribute database was 
established; vector maps were rasterized for each 
scenario (Figure 4). 
A cost estimation was calculated into two parts. 
Due to the fact that the decision makers would 
like to achieve the cost and income balance, all 
three options proposed approximately the same 4% 
land use for profitable tourism land use, the 
study calculated the income from the land loaning 
price. The construction cost included trail system, 
public facility (included all the public buildings, e.g., 
toilet, the wetland science museum), vegetation 
construction fee (included the cut and fill fee) and 
water dam facilities. 

Option Trail system 
length 
(Kilometer) 

Public facility 
construction 
fee (million 
USD $) 

Vegetation 
construction 
fee (million 
USD $) 

Water dam 
construction fee 
(million USD $) 

Total construction 
cost (million USD 
$) 

A 4.4 31.2 60 9.9 105.5 
B 4.7 19.3 74.5 11.8 110.3 
C 2.8 46.4 60.7 5.9 115.9 

(Note: the cost estimation unit price was provided by developers’ undergoing landscape projects including human labor 
and transferred into USD $.) 
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Figure 4. The Vectorised 3 Proposals for LPA (2013). Diagram by EBU Architects Design Consultation 

Company. (From Left to Right Were Options A, B and C, from Up to Down Were Master Plan, Vectorised 
Land Use and Trail System) 

 
Table 4. Flood storage capacity calculated for three options Environmental 
Benefits (flood storage capacity metric) 
 

 

 
Flood storage capacity of the 
wetland park (million cubic meters) 
 
 
 
 
 
 
 
Flood storage capacity comparing the 
existing GIS model (million cubic 
meters) 
 
 

 

(Note: WL means water levels. The proposed water level and water flood storage capacity was input in the GIS model 
according to the designers’ booklet. Option A and B had a new water dam proposed to temporarily increase the 
capacity for 50 and 100-year. Option C proposed no water dam. A negative number means the capacity volume was 
less than the flooding scenario.) 

 Option A Option B Option C 

20-year scenario 21m WL 21m WL 20m WL 

 0.2 0.24 0.07 

50-year scenario 23.5m WL 23.5m WL 20.5m WL 

 0.45 9.7 0.14 

100-year scenario 25m WL 25m WL 21.2m WL 

 0.94 15.18 0.32 

20-year scenario -4.37 -4.33 -4.5 

50-year scenario -9.48 -0.23 -9.79 

100-year scenario -13.98 0.26 -14.6 
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Table 5. The LPA result for the MSA vectorised metrics 
Benefits and metrics Units Option A Option B Option C 

Environmental Benefits 

Meadow and forest area Ha. 472.5 586.46 478.35 

Storage capacity for 100-year flooding Million cubic 
meters 

-13.98 0.26 -14.6 

Social Benefits 

Expected visitors 1000 visitor 
per year 

551 592 351 

Trail and electronic cart road length Kilometer 45.92 49.32 29.27 

Economic Benefits 

Developable land created Ha. 28.84 23.48 24 

Agriculture Land preserved Ha. 145.4 23 174 

Public building and village revitalization land use Ha. 44 21 34.5 

Construction cost Million US. $ 105.5 110.3 115.9 

 

The flood storage volume was required using the 
spatial and analytical capabilities of GIS. A GIS 
existing topographical model was set up to test the 
flood storage volume for 20, 50 and 100- year, 
which were 4.57, 9.93 and 14.92 million cubic 
meters. Another three GIS based wetland park 
model was set up to test the planning scenarios for 
20-year, 50-year and 100-year for the three options. 
The results showed that option B provided a very 
close flood volume for 25, 50 and 100-year. 
Each of the proposals were calculated its land use 
for Meadow and forest area, Developable land 
created, Agriculture Land preserved, public 
building and village revitalization land. The trail and 
electronic cart road length together were calculated 
its length. The annual Expected visitors were 
calculated based on the  trail length using local 
recreational codes based on open space provided. 
 
5.3 LPDM Analysis 

In phase 3, the results of the LPA were 
supposed to provide data for a consulting meeting. 
The report will be an important review material for 
the decision makers and public to make the final 
decision as well as a feedback to the designers to 
revise  the  master  plan  and  landscape  design 

process in the future. The Landscape Performance 
Distribution Map (LPDM) was introduced and the 
final results were interpreted using the method. 
The goal of LPDM was to introduce a method for 
decision makers and public to understand the LPA 
results. It could help to review the initial objectives 
and provide revise to the planning and design. 
The LPDM approach was based on the following 
understanding of sustainability and LPA: 

1) Sustainability was not a fixed and steady 
scenario to achieve; it was a dynamic 
process kept changing. 

2) Sustainability was a man-made definition 
from decision makers; whether the 
objective was quantified or not, the 
decision makers defined what is 
acceptable and what is close to that 
scenario. 

3) There might be a number of scenarios 
satisfying the defined sustainability. LPA 
could be an important method to quantify 
them. The LPDM used a visualized 
distribution method to show the relationship 
between all the scenarios’ performance 
and the expected sustainability. 
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Figure 5. The Concept Diagram for LPDM (2014). Diagram by Authors 

5.3.1 Concept of LPDM 
The study defined a triangular and fan- shaped 
decimal graduation concept model used for 
understanding and comparing the multi scenario 
LPA. The center part will be the expected 
performance range of all possible scenarios defined 
by the best metric values from three proposals. The 
three fan-shaped area was divided into same 
number of metrics for economic, environmental and 
social aspects. In this case, we defined four 
economic metrics, two environmental metrics and 
two social metrics that was shown on the map as 
Ec-1, Ec-2, Ec-3, Ec-4, En-1, En-2, So-1 and So-2. 
The best metric percentage value defined the 
expected landscape performance formed an 
enclosed area. The key metrics were all equally 
distributed on the fan-shaped edge, the more 
metrics chosen, the area defined by the metrics 
edge would be more close to the expected status 
which supposed to be the “sustainable” area. For 

example, the flooding capacity for the planning was 
expected to provide 100-year flood storage. Option 
B provided the maximum storage volume included 
the central lake as 34.43 million cubic meters as 
100%, so option A and C provided 20.19 and 19.57 
million cubic meters as 58.64% and 56.84%. The 
percentage was marked on the axis according to its 
value. 
 
5.3.2 Landscape   Performance   Distribu- 

tion Map (LPDM) 
The objective to introduce the LPDM was trying to 
illustrate how far the proposal was comparing the 
expectation. Due to the fact that the key factor 
index was not considered in the study, the LPDM 
here was trying to provide a quick review for the 
decision makers to understand the final results. 
The bigger the areas enclosed in the map the less 
preferable of the option should be accepted. 

 

 
 

Figure 6. The LPDM for Three Options (2014). Diagram by Authors 
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6 CONCLUSION AND DISCUSSIONS 
6.1 Feasibility to Apply LPA and LPDM 

as a Landscape Planning 
Supporting Tool 

The study showed how LPA could be used to 
quantify the expected outcome for landscape 
planning stage. The feedback of the research was 
widely accepted by the decision makers and public. 
The introduced method could be a feasible and 
dynamic solution for the decision makers to 
understand and justify the goals for a long-term 
study considering social, economic and 
environmental benefits. 
 
6.2 Tradeoffs between Triple Bottom 

Line and the Bottom of the “Triple 
Bottom Line” 

The study found the metrics chosen for 
Economic, Environmental and Social  categories 
had tradeoff within each category and between the 
triple bottom line categories. The area of the LPDM 
was dragged to different direction by the metrics at 
the same time. For examples, 1) the more 
developable tourism oriented land proposed led to 
dramatically income to compensate the investment; 
2) Option B proposed the least agriculture land use 
to provide the biggest flooding capacity, which led 
to a tradeoff between environmental and social 
benefits; 3) the more recreational trails and more 
public facilities will increase the social benefits 
while decrease the economic benefits by increasing 
the cost. The approach for the LPDM was not to 
focus on the single tradeoffs but to concentrate on 
the  overall  benefits  defined  by  the  expected- 

scenario. The expected scenario was defined by 
the expected outcome of each metric. There would 
be different importance for each metric and each 
category in different situations, the study proposed 
to adjust the distance for the decimal graduation for 
future usage. Define the bottom of the “triple bottom 
line” should be the first step for the decision maker 
to accomplish for future use of the method. 
 
6.3 Cross-scale LPA 

Another finding was to propose a cross- scale 
performance assessment method in the future. 
After comparing the site scale landscape 
performance, the study proposed another regional 
landscape performance research for the regional 
flooding performance improvement. We found there 
might be a scenario that higher cost for the wetland 
park led to a tremendous cost decrease for the 
other regional landscape components. For 
example, the proposal B provided the 100 yrs flood 
storage improved the regional flooding resilience 
and decreased at least 20 million RMB for the 
flooding walls construction. 
We propose to extend the use of LPA from site 
scale to a regional scale to balance the different 
single projects’ performance and achieve the 
regional sustainable objective for the case study 
area. A cross-scale landscape performance 
analysis diagram was prepared to understand the 
overall performance. The cross-scale performance 
assessment will improve the decision makers and 
planners to better understand the LPA with a 
temporal spatial perspective (Figure 7). 

 

 
Figure 7. Diagram Illustrating the Cross-Scale LPA (2014). Diagram by the Authors 
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The diagrams above should be explained as 
follows: 

a. Illustrated a scenario that the key 
improvements applied at the site scale and the 
performance will mainly contribute to the site scale. 
(e.g., Site bio-swale) 

b. Illustrated a scenario that the key 
improvements applied at the site scale and the 
performance will mainly contribute to the site and 
regional scale. (e.g., 20 ha storm water detention 
pond as well as for outdoor recreation) 

c. Illustrated a scenario that the key 
improvements applied at the regional scale and the 
performance will mainly contribute to the regional 
scale. (e.g., an existing canal collecting the storm 
water within an old city) 

d. Illustrated a scenario that the key 
improvements applied at the regional scale and the 
performance will mainly contribute to site and 
regional scale. (e.g., riparian forest along a river 
and its surrounding plots) 

The integration of LPA considering social, 
economic and environmental metrics within a 
spatial planning framework provided a spatial 
approach for decision making for future. This study 
illustrated a method that utilizes the LPA and LPDM 
method for multi scenario analysis in landscape 
planning, which will help to adjust the expected 
objective and scenario. It will provide a feasible 
visualized result for stakeholders and decision 
makers after people understanding what the output 
for the landscape investment is. 
 
7 LIMITATION 

The LPA and LPDM were trying to fill the gap 
between LPA and sustainability by integrating the 
LPA quantified research and the triple bottom line 
concept. Metrics selection, use of MSA and 
LPDM were main process limited by the one-time 
shot case investigation method. The case selection 
was limited by temporal-spatial and social 
development situation and other external variables. 
The best metrics defined by the decision makers 
before the proposals should work better than 
selecting the best metrics in this study since limited 
by the case selection. 
To choose the right metrics from the LPA is the first 
and key process for the method introduced here. 
There are other key criteria to define the 
feasibility for a wetland park planning, such as silt 
treatments, contaminated soils treatment even the 
behavior of the local neighborhood etc. This paper 
proposes eight main metrics grouped into three 
categories after discussion with experts, decision 
makers and professional planners. For the use of 
LPA and LPDM during the planning stage, more 

consideration should be researched on how and 
why to choose the right metrics. The multi- 
properties of the key metrics we chose in this study, 
especially flood protection was categorized strictly 
as an environmental benefit, but flooding had huge 
social and economic implications that this analysis 
didn’t consider. 
The use of MSA like TELSA model for forest 
management (Kurz et al., 2000) has been proved 
to be effective. For most of the landscape 
planners, the MSA is always limited to use due to 
the limitation of funding and time consuming. The 
methods used in this study was limited by the time: 
phase 2 of the study was to collect the data from 
three options which might be input errors from 
Autocad to ArcGIS; phase 3 illustrated the LPDM 
might continues the errors from phase 2. Phase 1 
could only focused on the most concerned threats 
from a group of decision makers which required a 
more considerable metrics choice in the future. A 
more dynamic LPA and LPDM methodology 
integrating multi scenario assessment and cross- 
scale considerations should be discussed. 
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