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Abstract

Urbanization has brought about a substantial increase in population growth, and a considerable 
amount of park green space has been exposed to urban construction land, which has greatly affected 
the natural and social value of the urban natural capital. Although this problem is serious in developing 
countries such as China, few studies have been conducted on the basis of a comprehensive evaluation 
of urban natural areas. This study evaluates the ecological services value of urban wetland parks from 
two perspectives: 1) the urban economic development brought by urbanization has an obvious artificial 
influence on an urban park’s economic value and 2) the wetland ecosystem plays an important role in 
regulating and improving the surrounding urban environment. A flexible evaluation step model and 
a series of quantitative evaluation methods was constructed and used in a case study of Aha Lake 
National Wetland Park in Guiyang, China, based on a comprehensive analysis of the social, economic, 
and ecological values of the park. The results show that the total ecosystem service value of Aha Lake 
National Wetland Park is 1.92×109 yuan. This article has two main purposes: 1) serving as an innovative 
quantitative evaluation method of key indicators and 2) establishing a framework of ecosystem services 
value evaluation for urban parks based on the cascade model.
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Introduction

Wetlands not only provide food, water, and shelter 
for fish, birds, and other wildlife [1], but also provide 
important ecosystem services such as water quality 
improvement, flood abatement, and carbon sequestration 
[2]. They play an important role in maintaining 
ecosystem functions. China has established 468 
urban wetland parks, and many wetland management 
agencies include the Ministry of Environmental 
Protection (MEP), the State Oceanic Administration 
(SOA), and the Ministry of Agriculture (MA). This 
reflects the government’s attempt to implement a native 
environment that focuses on natural resources reserves 
and ecosystems related to regional ecological protection 
[3]. In recent decades, most of the focus has been on 
wetland habitat protection and restoration. With the 
development of society and the economy, the impact 
of tourism on wetland parks has become obvious. 
Especially in urban areas, the increase in the number of 
tourists has brought more intense man-made coercion to 
the park ecosystem, and also enhances the service value 
of the park. Much research has started to pay attention 
to the ecosystem value of wetlands, and the primary 
goal of this study is to assess ecosystem services from 
the perspective of comprehensive socio-economic and 
natural environment [4-6].

The value of ecosystem services refers to the value 
that ecosystems bring directly or indirectly to human 
society [7, 8]. For urban wetland parks the service value 
of ecosystems is special and affected by two aspects: 
1) the ecological value of the wetland ecosystem, such 
as adjusted functions and support functions, and 2) the 
close connection between the park and the city, such as 
the economic activities of surrounding urban areas and 
the surrounding residents, will interact with the park’s 
ecological environment and eventually affect the socio-
economic value of the park’s ecosystem [9]. In addition 
to the ecosystem environment, attention should also 
be paid to the socio-economic background of the park 
and the impact of socio-economic activities on the 
ecosystem value of parks in the case of urban wetland 
parks. However, in existing research, few studies reflect 
both in a value evaluation. 

The ES (ecosystem service) cascade model is  
a comprehensive and intuitive model that can completely 
display the complete process of ES function evaluation 
and help to understand the mechanisms that link 
ecological systems to human well-being [10, 11]. And  
it provides a methodological system that takes  
ecosystem structure and processes into consideration, 
linking all the benefits and social and economic values 
that ecosystems can deliver. This model consists of  
5 steps:
1)	 Determine the study area and analyze the main 

structure and characteristics of the ecosystem. 
2)	 Based on the analysis of ecosystem characteristics 

and the definition of functional value [10], select the 
main ecosystem functions. 

3)	 Regarding the regulation of floods and reducing 
environmental pollution, etc., sorting out the service 
value provided by the ecosystem. 

4)	 Starting from the definition of contributing to human 
health and safety, summarizing the various benefits 
provided by the ecosystem. 

5)	 Determining what social and economic values are 
attributed to the ecosystem benefits [12, 13]. 
Many studies are based on this theory for organizing 

the evaluation ecosystem values [14-16]. However, 
there is little research on urban parks. Based on the 
existing research framework, it is difficult to reflect on 
the natural role of wetland ecosystems and the social 
characteristics of urban parks at the same time, because 
the urban economic function of some parts of the 
park is not obtained starting from the park ecosystem.  
It is necessary to adjust the model structure for urban 
areas.

Compared with the current ES evaluation for wetland 
parks, which are mostly based on natural resources and 
environmental impact analyses [17-19], this study aims 
to construct a corresponding evaluation system around 
the complex features of urban parks. The main research 
content of this study includes two aspects:
1)	 On the theoretical level, based on the characteristic 

analysis of the urban park’s ecological environment, 
trying to optimize the ES cascade mode and reflect 
characteristics through different components while 
trying to make the evaluation process not only reflect 
complex socio-economic impact of the city but 
also reflect the characteristics of its own ecological 
environment.

2)	 On a practical level, combining with the methods  
of remote sensing technology, ecosystem process 
model, and socioeconomic numerical statistics, our 
paper tries to innovate the quantitative evaluation 
method of some key factors, thus enriching the 
quantification methods and making the evaluation 
results objective.  
Our aim is to provide a set of methodological 

frameworks that emphasize the practical. More 
importantly, we try to explore the relationship between 
ES evaluation and park planning management based on 
the evaluation results, making wetland park managers 
respond to the challenges of future urbanization 
and helping to make decisions between ecological 
environment protection and sustainable development. 

Material and Methods 

The Research Area

As the capital city of Guizhou province in China, 
Guiyang has a total area of 8,034 square kilometers. 
Because of the excellent native ecological environment 
in the urban area, the overall urban forest coverage 
rate has reached 40%. With the rapid development 
of the urban economy, the population has rapidly 
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increased from 3.1 million in 2001 to 4.7 million in 
2015. To promote sustainable development and meet 
the urban residents’ requirements for urban ecological 
environments, the Guiyang government recently 
proposed the goal of “Building a city with thousands 
of parks,” which would raise the urban forest coverage 
rate into more than 50% in 2020. Therefore, how to 
balance the relationship between the development of 
various kinds of urban parks and the protection of urban 
ecosystems becomes an important research content of 
urban development.

The coordinates of the Aha Lake National Wetland 
Park range from 106° 36’59“E-106° 40’44”E and 26° 
30’40“N-26°33’55”N. The park is about 6.5 km wide 
from south to north and 6 km wide from east to west 
with total area of 1218 hectares. The range includes Aha 
Reservoir, the lower reaches and its estuary of the Youyu 
River, Jinzhong River, and Baiyan River, the estuary of 
the Lanjigou, the estuary of the Caichong River, as well 
as the first heavy mountain surrounded by Aha. 

Among them, the main body of Aha Lake Wetland 
Park is Aha Reservoir, which is a medium-sized 
reservoir dominated by urban water supply and flood 
control that intercepts incoming water from the upper 
reaches of the Xiaoche River in the tributary of the 
Nanming River in flood season to ease flood control 
pressure in the urban area. At the same time, it is also 
the main source of water for urban residents in Guiyang. 
With the process of urbanization, the wetland park and 
its surrounding residents are getting closer and closer 
together. In 2013 the park received more than 3 million 
tourists. From these characteristics, this study chooses 
Aha Lake Wetland Park as the research object. 

Framework of the Method

The main objective of this research is to construct 
a system of ecosystem service value evaluation for 
urban wetland parks through the application and 

adjustment of theory model, selecting and innovating 
various quantitative evaluation models so that the final 
evaluation results can both reflect the original wetland’s 
natural value, but also reflect the social and economic 
characteristics of an urban park.

Due to the particularity of the original wetland 
environment and the complexity of socio-economic 
relationship in urban wetland park, this study chose 
the step models by Haines-Young and Potschin [20], 
and based on this theoretical model we made some 
adjustments. Fig. 2 shows the workflow we finally 
applied for assessing the ES in urban wetland park. The 
starting point of ES assessment is understanding and 
analyzing the “structure and process of the regional 
ecosystem.” It is the same with the beginning of the 
cascade model that is mainly based on the study of 
natural elements. Through this step, the components 
of the ecosystem function are divided. The definition 
of “ecosystem function” in the cascade model is “the 
elements or functions of ecosystem component and 
processes that provide service directly” [10]. Based 
on this definition, starting with “providing services 
directly,” this step chooses and quantifies the function 
index from the aspects of “support” and “adjustment.” 
The next step of the workflow is economic and social 
benefits, to sum up the socioeconomic value of the 
study area as an urban park, following the definition 
of the benefits in the economics of ecosystems and 
biodiversity (TEEB) cascade, which is “the positive 
change in wellbeing from the fulfillment of needs and 
wants” [13], we divide the value of this part into two:  
1) The most obvious socioeconomic value for urban 
parks is the recreation function. 2. The surrounding 
residents’ willingness to pay for the park’s environment 
would reflect the socio-economic significance of the 
park to the surrounding area. In the final step, the results 
of all the quantitative values are added.

In contrast to the TEEB cascade we’ve incorporated 
“service” and “benefits,” and do not include “supply” 

Fig. 1. Location of Aha Lake National Wetland Park in China and the Spatial distribution in Guiyang (left); Aha Lake reservoir and the 
main water system in the park (right).
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service [10]. Because the main purpose of this study 
is value evaluation, service is directly reflected in the 
selection of functional values, and the “service” is 
covered in “function” analysis. In an urban park, the 
main function is to provide entertainment for urban 
residents; the production function of the ecosystem is not 
the main functional content, so the production service 
value and other agriculture-related values were ignored. 
The adjustment made in this study is mainly to show the 
value of urban parks as an additional element between 
ecosystem and social system. The purpose of integrating 
and leaving these two steps of “structure and process of 
regional ecosystem” and “economic and social benefits” 
is to show that ES of urban park values are derived from 
ecosystem functions and lead to benefits for humans 
from the aspects of urban environment and social, which 
is not stressed through the TEEB model. 

The ES valued monetarily in this study is mainly 
from two perspectives: replacement cost and willingness 
to pay. On the other hand, some non-monetary ecological 

environmental indexes were quantified by means of a 
model. And then evaluated by means of replacement 
cost. Following the defined ES, “the benefits that 
humans derive from ecosystems” [13, 21]. The value 
of the wetland park is expressing the importance of an 
urban park as regards nature or socially [21].

Results 

Structure and Process of Regional Ecosystem

The park covers a wide area of which the ecosystem 
is complex and diverse, including a large-scale water 
reservoir and native wetlands. The structures and 
processes of park ecosystems are mainly reflected in the 
following two aspects:
1)	 The complexity of the park’s internal environment. 

The Aha Lake Wetland Park covers large reservoirs 
and includes various types of ecosystems as wetland 

Fig. 2. Workflow of assessing ES value for urban wetland park based on the cascade model of [10].

Table 1. Internal structure and process components of the ecosystem-to-ecosystem functions and their quantified indicators at Aha Lake 
National Park.

Structure and process 
of regional ecosystem Ecosystem Function Functional indicator

Water The reservoir provides fresh water for the city daily production and daily life Water support 1

Vegetation

The vegetation inside wetland ecosystems can absorb carbon dioxide effec-
tively [22] Carbon fixation 2

Vegetation and surface fresh water enables the wetland ecosystem to release 
large amounts of oxygen[23] Oxygen release2

Adjust the temperature[24] Temperature modulation2

Soil and ground 
surface

Root absorption and natural soil water storage makes the wetland has the 
function of regulating floods[25] Regulate floods2

Purify the water[26] Water purification 2

Fertilizer conservation and soil reinforcement [27] Soil reinforcement 2;
Fertilizer conservation2

1. “adjustment” ecosystem function
2. “support” ecosystem function
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parks. Ecosystem valuation of this region would 
involve many different ecological environment 
factors. According to the workflow of this research 
(Fig. 2), first analyzing the internal structure and 
process components of the ecosystem in the park 
from several important perspectives, wummarizing 
the ecosystem functions from these perspectives, and 
determining the quantitative evaluation of different 
functions from the aspects of “adjustment” and 
“support.” The analysis process of this section is 
shown in Table 1. 

2)	 The complexity of the park’s surrounding 
environment. In recent years, with the acceleration 
of urbanization in the surrounding urban areas, the 
number of tourists in the park has risen and the man-
made surface area of the surrounding areas has been 
continuously increasing. All aspects of the park and 
the city’s social economy becomes closer, thereby 
improving the park’s socio-economic value. The 
value of this part is manifested when the ecosystem 
function is related to the surrounding socio-economic 
factors, and according to the research workflow  
(Fig. 2), the economic and social benefits are  
studied from the ecosystem function of this park. 
And based on related research on the value of wetland 
parks [28], the study divides the benefits into two: 
direct economic benefit and indirect social benefit. 
The analysis process is shown in Table 2.

Ecosystem Function

According to the research framework, this part 
divides the evaluation index into two categories: 
“support” and “adjustment.” The functional evaluation 
index were chosen from the main ecological components 
that make up the wetland ecosystem. In the case of Aha 
Lake Park, we selected the environmental elements 
that have a great impact on the surrounding ecological 
environment: water, soil, vegetation. 

Support

As a city park, a major feature of the study area is 
its huge reservoir, and the results of perennial water 
reservoirs showed that the average annual runoff of the 
five inflow tributaries reached 102 million m3. According 
to data provided by Aha Lake Reservoir Management, 
the park’s reservoirs can supply up to 5×107 m3 of water 

per year to urban waterworks. So, providing a high-
quality water reservoir is the most prominent support 
function value of this park, the quantitative evaluation 
formula is as follows:

                          (1)

V represents the overall quality of the reservoir 
water support function value and C is local tap water 
prices. The local water price is 2.7 RMB/t at Guiyang, 
L is the reservoir annual water support, and the results 
show that the total value of water support function value 
in Aha Lake National Wetland Park is 1.35×108 RMB/a. 

Adjustment

Carbon Fixation

Large-scale production and living make the city a 
huge carbon source, and an urban wetland park is of 
great significance for regulating the carbon cycle in 
an urban area [29]. To measure this part of the value, 
this study introduced the measure of net primary 
productivity (NPP) at park scale [30, 31], which is an 
important indicator to determine the size of vegetation 
productivity, measure the ability of ecosystem carbon 
sequestration, and regulate ecological processes. 

The Carnegie Ames Stanford approach (CASA), 
founded by Potter in 1993, is the most commonly used 
remote sensing model for quantitative inversion of NPP 
in current research and applications [32]. The principle 
is based on:

     
(2)

   
(3)

…where x represents space location, t represents time, 
S represents total solar radiation (MJ/m2/month), FPAR 
indicates the proportion of vegetation absorbed by the 
incident photosynthetic active radiation, 0.5 represents 
the ratio of solar radiation absorbed by vegetation to 
total solar radiation, Tε1 (x,t) and Tε2 (x,t) are the stress 
effects of light energy utilization at low temperature and 
high temperature (respectively), and Wε (x,t) is moisture 
stress influence coefficient. The calculation of the above 

Table 2. Socio-economic benefits and their quantified indicators at Aha Lake National Park.

Socio-economic benefits Benefits Benefit indicators

Direct economic benefit
The ecological environment’s most direct function is recreation, through 
the payment for recreation by park visitors, ecological functions generate 

socio-economic value directly.
Recreation

Indirect social benefit
The surrounding urban residents enjoyed the direct ecological value brought 

by the park. The willingness to pay can reflect the value provided by 
the surrounding residents to the park construction.

Willingness to pay for 
ecosystem functions
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four values mainly use the research results of Zhu [33]. 
εmax is the maximum light energy utilization under ideal 
conditions. Different types of vegetation correspond to 
different values, in this study using the research results  
of Running and Potter [32]. The values of FPAR and 
NDVI have a certain linear relationship that can be 
determined by calculating the maximum and minimum 
NDVI of different types of vegetation [34]. The NDVI 
value is calculated based on the Landsat data of  
April 13, 2017. The calculation of S and ε uses 
the relevant methods in the study of Zhu, and the 
calculation process involves the meteorological value 
of precipitation, temperature, and solar radiation in 
the study area, mainly from the observation data of 
meteorological stations in the park.

The obtained NPP space distribution results are 
shown in Fig. 3. The average NPP in the park is 
204.55gC/m2a, the total carbon sequestration in the park 
is 2.49×109gC, the market value of carbon is $43 US, 
and through conversion the total value of park carbon 
fixation is 7.21×105 RMB.

Oxygen Release

In addition to carbon sequestration, wetland 
vegetation also has the function of releasing oxygen, 
which plays an important role in improving the 
atmospheric environment in the surrounding cities of 
the park. The amount of oxygen released is calculated 
based on the plant photosynthesis equation, which 
states that vegetation releases 1.19 grams of oxygen per 
gram of dry matter produced [35], and then through the 
equivalent replacement method to calculate the market 
value of oxygen release. The amount of dry matter 
produced can be calculated by the amount of NPP, 
which is 2.49×109g. By conversion, the market value of 
this part is:

V = 2.49 × 109 × 1.19 × 1000/1000000 = 2.96 × 106 RMB

Temperature Modulation

In addition to releasing oxygen, the park’s ecosystem 
improves the surrounding atmosphere with temperature 
regulation. Due to the huge heat capacity of urban 
wetlands and the strong evaporation of water in the 
reservoir, it has obvious cooling and humidifying effects 
on the surrounding urban climate, which is assessed 
through temperature contrasts both inside and outside 
the park. The formula is as follows:

  (4)

…where V represents the overall value of wetland 
temperature modulation; c represents the specific heat 
capacity of air, and its value is 1030 J/(kg·ºC); ρ is air 
density, with a value of 1.29 kg/m3; C is the local 
electricity price (0.510 RMB / kWh); S is the total area 
for temperature regulation of wetlands (1218 hm2); 
H represents the height difference of temperature 
regulated by the park ecosystem, measured by  
the DEM data and with a value of 0.0024km; and Qd 
is the average daily temperature drop of wetlands 
in summer. The data are obtained by comparing the 
observed air temperature in the wetland park and the 
average temperature in Guiyang. The average value is 
2.58ºC in summer. Dd is the number of summer days, 
according to the annual statistics of monthly record 
data from the Guiyang Statistical Yearbook. Taking 70 
days in this study, Qi is the average daily temperature 
rise of wetlands in winter, for which the value is 2.47ºC;  
Di is the number of days in winter, taking 60 days in this 
study. The total value of V is 1.81×106 RMB.

Regulate Floods

This ecosystem not only provides important water 
sources for the surrounding residents, but also regulates 
floods, which is one of the important functions of 
a wetland ecosystem [36]. The value of regulation 
function is mainly based on perennial observed water 
storage and storage capacity, and the formula is:

                          (5)

…where V represents the overall flood control value 
of Aha Lake Reservoir; L is the total reservoir water 
storage capacity (m3) – storage capacity of the reservoir 
is 72 million m3; and M is the cost of reservoir 
storage capacity, which in this study was settled at  
1.81 RMB/m3. Based on the national statistical 
data, the average reservoir storage cost in China was 
0.67 RMB/m3 in the 1990s. By using the annual change 
rate of the national fixed asset investment price index  
we can conclude that the cost of reservoirs in 2016 is 
1.81 RMB/m3. Through formula 1.5, the total value of 
this part is 1.30×108 RMB.

Fig. 3. Spatial distribution of the NPP index in the study area.
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Water Purification

Another important function of the reservoir 
is water purification. There is a certain degree of 
agricultural production and daily water discharge 
activities surrounding the park, causing pollution and 
eutrophication of surrounding water bodies, among 
which is COD (chemical oxygen demand: the oxygen 
equivalent of the substance that can be oxidized by a 
strong oxidizing agent), which is the indicator that can 
represent water body pollution, TN (total nitrogen: 
representing milligrams of nitrogen per liter of water), 
and TP (total phosphorus: representing milligrams of 
nitrogen per liter of water) – which are the indicators 
that represent water body eutrophication. In response 
to this man-made water stress, wetland ecosystems 
can filter out contaminants in water through water-
soil-biological complex systems to achieve the function 
of water purification [37], the value evaluation of this 
function is mainly based on the COD, TN, and TP: 

  (6)

…where V is the total water purification value of the 
reservoir; N represents the total amount of pollutants 
– the total amount of TP removal in Aha Reservoir 
is 8750 kg and the removal of TN is 298300 kg, and 
because of the lack of removal rate data for COD, this 
study calculated the retention of COD at 10840000 kg; 
and R represents pollutant removal rate (%). According 
to the regional removal rate provided by the local 
environmental protection bureau in Guiyang, the removal 
rates of TN and TP are 35.5% and 24.4%; and P is  
the average cost of cleaning up per unit pollutants  
(RMB/kg). According to the average observational 
values provided by park managers, it takes 1.5 for TN, 
2.5 for TP, and 1.6 for COD. Through the formula 
and combined with the market price cost of pollutant 
removal, the final purification value of TP was calculated 
as 5337.5 RMB, the purification value of TN is 1.60×105 
RMB, and the COD purification value was 1.73×107 
RMB. The final amount of purified water is worth a total 
of 1.75×107 RMB/a.

Soil Reinforcement

The function of soil reinforcement is mainly through 
the plants in the ecosystem [38]. Therefore, this value 
assessment is mainly used for the park’s vegetation 
cover. And the calculation of soil reinforcement volume 
is mainly according to the following formula:

 (7)

…where G is on behalf of the total soil reinforcement 
at Aha Lake Park; Q represents the total potential 
soil erosion in forest area (g/a); Q’ stands for the total 
actual soil erosion in forest area (g/a); d represents the 

actual soil erosion modulus (t/(hm2·a)); and S is the 
total vegetation area of this park (hm2). In this study, 
the values of d applied the actual soil erosion modulus  
of subtropical evergreen broad-leaved forest, which is 
3.20 t/(hm2•a). On the other hand, this study used Landsat 
8 data (April 13, 2017), through the method of land use 
type interpretation to get the value of S. The calculated 
results show that the total annual soil reinforcement in 
Aha Lake National Wetland Park is 2.98 × 1010g. 

After getting the total, according to the method 
of energy analysis, the goal of this part is to convert 
the total amount of soil reinforcement into market 
value. According to the energy conversion ratio of the  
soil surface layer, which is 67800 J/g, the total energy 
of soil reinforcement in the park is 2.02 × 1015J. And 
based on the energy conversion rate of solid 
reinforcement (7.40 × 104), which calculates the solar 
value at 1.49 × 1020 sej/a, multiplied by the value of 
the currency ratio, the energy value is 1.37 × 108 RMB/a 
– finally, that is, the amount of solid reinforcement of 
this park is 1.37 × 108 RMB/a.

Fertilizer Conservation
Soil is an important part of the park’s ecosystem, and 

fertilizer conservation is another important ecological 
value of the soil in addition to soil reinforcement. For 
the evaluation of this part of the function this study used 
the following formula: 

                       (8)

...where Vm represents the loss of N, P, and K nutrients in 
soil caused by the decrease of vegetation (g/a); G is the 
total amount of soil reinforcement, which is calculated 
through formula 1.7; Hm stands for the content (%) 
of N, P, and K in soil, with average observational 
values provided by park managers of the three being, 
respectively, 0.418, 0.089, and 0.181; according to 
formula 1.8, the corresponding three kinds of nutrients 
are saved as follows:

VN = 1.25 × 1010g; Vp = 2.65 × 109g; VK = 5.39 × 109g.

According to N, P, K energy conversion rate 
(4.62 × 109; 6.88 × 109; 2.96 × 109), the solar energy 
values corresponding to the above three indexes  
are respectively 5.78 × 1019sej/a; 1.82 × 1019sej/a; 
1.60 × 1019sej/a, and then calculate the value of the 
monetary value (RMB/a) according to the exchange 
rate of 1.09 × 1012. The corresponding value of the 
three values are: 5.30 × 107RMB/a; 1.67 × 107RMB/a; 
1.47 × 107RMB/a, The sum of the three is 
8.44 × 107 RMB/a, so the total value of fertilizer 
conservation in this park is 8.44 × 107 RMB/a.

Economic and Social Benefits

This section mainly measures the social value of the 
study area as an urban park, reflected in two aspects:
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1. Recreation 
In addition to the supportive and regulatory  

functions provided, the positive effects of the natural 
environment on human physiology have drawn 
increasing attention from researchers. The natural 
environment and the time consumed in these natural 
environments can relax people’s nervousness by forming 
psychological person-place ties. It has been found that 
the perception of the natural state can enhance its 
cognition of physical activity and self-awareness. The 
sense of well-being here includes all aspects of physical 
status and social psychology. This study summarizes 
the value of this part as a recreational function and 
uses the travel cost interval method (TCM) to calculate 
the recreational value of Aha Lake Wetland Park 
[39], including travel expenses, travel time value, and 
consumer surplus:

             (9)

                 (10)

                      (11)

…where C is the total actual cost of tourists’ travel, 
W on behalf of travel expenses, including tickets, 
accommodation, fares, group fees and shopping, etc.,  
V (t) is the value of travel time, D is the time for tourists 
to travel, Y is the monthly salary of tourists, SCi is the 
consumer surplus value, Q(C) is the tourist demand 
curve for tourists calculated, and i is the consumer 
surplus value of tourists’ corresponding to the i interval 
(based on the statistical results of the questionnaire). 
Wper capita = 42.8 RMB and Vper capita = 119.5RMB, Q(C) 
is obtained by exponential fitting of travel expenses (W) 
and travel consumption intention (Q(C)), the result is 
shown in the formula 12, and R2 is 0.9274:

              (12)

According to the statistics provided by the park 
manager, the number of park visitors in 2015 was 3.1 
million, and the total value of recreation is 1.38 × 109 
RMB.

Table 3. Energy conservation analysis of fertilizer conservation 
in Aha Lake National Wetland.

Index Weight 
(g/a)

Energy 
conversion 

rate

Energy values 
(sej/a)

Market 
value 

(RMB/a)

N 1.25×1010 4.62×109 5.78×1019 5.30×107

P 2.65×109 6.88×109 1.82×1019 1.67×107

K 5.39×109 2.96×109 1.60×1019 1.47×107

Sum up 8.44×107

2. Willingness to pay for ecosystem function. 
In addition to the recreational function, the economic 

and social benefits of the urban park is also reflected in 
the willingness to pay for park ecosystem function from 
the surrounding residents. This value can be reflected 
by way of social surveys. This part of the evaluation 
using conditional value method (CVM), which was 
proposed by Davis in 1963 [40], mainly measures the 
value of non-market items. At present, the method has 
been widely used to analyze the correlation between 
socio-economic factors and ecosystem services [41], the 
formula is as follows:
      

             (13)

…where TWTP represents the value of willingness to pay, 
MWTP represents the mean willingness to pay, RWTP is 
the positive payout ratio, and N is the actual number of 
people willing to pay. In this study, 300 questionnaires 
were distributed and 292 valid questionnaires were 
returned, including 190 from Guiyang and 102 from 
other parts of Guizhou. In the valid questionnaire data, 
the cumulative frequency of the nearest 50% is 41.18% 
and 57.47%, the corresponding WTP were 5-10 RMB 
and 10-20 RMB, and then take the median 7.5 RMB  
and 15 RMB as the representative. The median 
cumulative frequency obtained by linear interpolation 
is 11.56 RMB, so the mean willingness to pay is 11.56 
RMB. The positive payout ratio is 66.22%, and N uses 
the population of Guiyang, then calculated through 
formula 1.10, and the value of this function was 3.60×107 
RMB.  

Values

By definition, total value describes the value of 
ecosystem for humans as the sum of components [21]. 
In this study, we considered the actual use value that 
an ecosystem has for the local resident around the 
park, based on the structure and process of regional 
ecosystem, the total value of the park is measured by 
selecting various indicators from the steps of ecosystem 
function and socio-economic benefits.

Among the various steps, despite the method 
employed, the most important ecosystem services were 
“Recreation,” which reflects the man-made coercion 
faced by the park. However, there is a variation between 
the values of individual ES depending on the method. 
The ecosystem characteristics are considered in the 
calculation of each step. In general, the estimated values 
at the park follow the analysis of the total structure and 
process of a regional ecosystem. 

Discussion

The main content of this study draws on the research 
framework of ecosystem services functional value 
evaluation, and evaluating all kinds of natural and social 
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values that can represent the characteristics of urban 
wetland parks. The values involved in the evaluation 
not only include the function value directly provided by 
the elements of the park environment, but also from the 
resulting the impact of these components. The purpose 
of this study is to convert all kinds of ecosystem service 
functions into corresponding market values on a park 
scale and accumulate the values provided by various 
functions to obtain the overall ecosystem service value 
of wetland parks.

Objectively speaking, for the same wetland park,  
a series of different indicators can be used to evaluate. 
In the case of Aha Lake Wetland Park, as an urban 
wetland park with an annual flow of more than 1 million 
people, many functions and their economic impacts are 
not considered in this study. For example: the value of 
various rare species in the park [42] – especially the 
wide range of wetland birds – and rare vegetation in 
the park. In view of these circumstances. the relevance 
of a common scale can be questioned. The existing 
research shows that there are many kinds of values 
related to a wetland ecosystem [43, 44]. Because of the 
different characteristics of different types of wetlands 
and their relationships with the surrounding natural and 
social environments, there are many differences in the 
functions of ecosystem services. Due to the different 
functions of the wetland park, the evaluation process 
will have a huge impact on the evaluation results. 
Therefore, before the evaluation it is very important 
to analyze the service characteristics of the research 
area, and then adjust the research framework. This 
compensatory adjustment can be made by applying the 
effecting factors that make the effect estimates both 
convenient and generically applicable as in the standard 
in the wetland park.

In the process of specific evaluation, in order to 
reflect the properties of reservoir-type wetlands and 
meet the socio-economic characteristics of urban 
parks, the research adjusted the framework: taking into 

account the characteristics of urban parks, merging 
the “benefit” and “service” steps, and screening  
the functional indexes from the important natural 
elements of wetland parks. After adjustment, the 
model calculates different values from the three steps 
of “structure and process of regional ecosystem,” 
“ecosystem function,” and “economic and social 
benefits.” The index selection process in each step also 
reflects the attributes of urban parks and the natural 
characteristics of reservoir wetlands. The “biophysical 
structures and processes” step measures the social value 
of the park from its urban properties. The “ecosystem 
function” step starts from the natural attributes of a 
wetland park and measures the natural value of the park 
through the function of several natural elements. The 
“economic and social benefits” step, starting from the 
park’s entertainment function, measures the economic 
value of the park. The research process provides an 
operational, adjustable, and usable framework for 
evaluating park ecosystem services.

Although the research goal is to quantify the 
ecological functions of these parks, some of the 
quantitative results are still relative. In order to reduce 
the relativity, this study attempts to convert all kinds 
of values into market values, because the market value 
is an objective reference, a unified objective standard 
can reduce the uncertainty of the evaluation results 
and directly provide a scientific basis for the future 
planning of the park and the maintenance of the wetland 
environment. In general, the model framework of this 
study can also be regarded as a relatively independent 
model, which can be adjusted and applied based on the 
characteristics of other wetland types.

The results show that it is feasible to evaluate 
different types of value quantitatively, and the 
importance of different park functions can be reflected 
by the market value. However, some research has  
shown that the relationship between various functions is 
very complex and not isolated in reality. Synergistic and 

Table 4. Total value for ecosystems in Aha Lake National Wetland Park.

Steps Aspects Indicators Value (RMB)

Ecosystem function

Support Water support 1.35 × 108

Adjustment

Carbon fixation 7.21 × 105

Oxygen release 2.96 × 106

Temperature modulation 1.81 × 106 

Regulate floods 1.30 × 108 

Water purification 1.75 × 107

Soil reinforcement 1.37 × 108

Fertilizer conservation 8.44 × 107

Socio-economic benefits

Recreation Travel cost 1.38 × 109 

Willingness to pay
Willingness to pay for ecosystem function 3.60 × 107 

Total value 1.92 × 109
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conflicting effects may exist between various functions 
that currently prohibit such estimates. The evaluation 
process in this study is one-dimensional and does not 
analyze the interrelationships among various indicators. 
The relationship between various indicators and the 
spatial layout of parks and social values has not been 
explained in our study. Research on the relationship 
between various ecological functions, such as the 
complex relationship between human activities and 
natural environment factors, is an important research 
direction in the future. If the relationship between 
these indicators can be quantified, the scientific nature 
of the evaluation will be enhanced. Policymakers 
can intuitively grasp the synergies between various 
planning scenarios and environmental elements, which 
can co-ordinate all kinds of values and ultimately 
guide the planning of the park. On the other hand, in 
this functional assessment, we have considered only the 
positive impacts from wetland ecosystems, but there are 
also negative natural and social impacts. For example, 
the increasingly intensive anthropogenic activities in the 
park due to its own environment and park construction 
bring more intense artificial stress to the surrounding 
native ecosystem [45]. Therefore, partial negative 
impacts should be considered if we are to consider the 
full value of ecosystem services.

These two points are also the important directions 
for the future evaluation of ecosystem function: 
Quantify the interaction between various types of 
ecosystem services and evaluate the negative effects 
from different degrees of ecosystem. Comprehensively 
explore how urban parks can cope with all aspects from 
future urbanization.

In addition, the relationship between ES value 
and park planning is very important. In the process 
of pre-planning, a general park will face the spatial 
layout under different planning scenarios, and some 
environmental function factors have obvious differences 
under different planning spatial layouts (such as carbon 
fixation, fertilizer conservation, and soil reinforcement). 
Through the evaluation of ecosystem value, the value 
would reflect the impact of various kinds of park 
planning on the environmental elements of the park. 
In general, there is an interaction between planning 
and value evaluation, and the planning of an urban 
wetland park can affect the ecosystem services value 
of parks, and the value of ecosystem services can 
reflect the impact of planning on a regional ecological 
environment.

In the planning of the park, the evaluation of the 
ecosystem value should be made after the planning of 
the park and before the construction of the site, so that 
the planning decision-maker can fully understand the 
impact of different layouts of the plan on the ecological 
value of the whole wetland. For wetland parks, especially 
urban wetland parks, due to the close relationship 
between parks and urban residents, more attention 
should be paid in preliminary planning to comparing 
the relationship between the natural and social values, 

guiding planners to sort out the relationship between the 
two aspects.

In reality, there is a clear lack of such a step in 
current park planning in China, taking into account the 
value of the ecosystem in the park planning and in the 
decisions of environmental protection [3]. Therefore, 
it is of great practical value to construct a valuation 
system of ecosystem services for wetland parks. In this 
study, facing the increasing man-made disturbance in 
Aha Lake Park and as an important urban water source, 
there is a strong relationship with urban residents. In 
future planning we not only need to consider ecosystem 
service value, but also need to face the comprehensive 
needs of different interest groups. In the future, 
park management will require a larger number of 
questionnaires and field surveys and make use of more 
intuitive scientific research methods.

Conclusions

The main objective of this research was to construct a 
framework system suitable for evaluating the ecosystem 
value of urban wetland parks and integrate the values of 
the various wetland ecosystem functions — including all 
kinds of direct and indirect functions. Through various 
ecosystem models and methods of value conversion, all 
kinds of values are quantified, and eventually the overall 
ecosystem service value of the park is transformed into 
a fixed market value. More importantly, a complete set 
of value evaluation models and scientific and objective 
evaluation results are built around the wetland park, and 
the conclusions are as follows:
1)	 Theoretical level, this study is mainly based 

on Teeb’s framework [10], which is tailored to 
the characteristics of urban wetland parks. The 
indicators involved in the evaluation are screened 
from four steps: “structure and process of regional 
ecosystem,” “ecosystem function,” “economic and 
social benefits,” and “value.” Taking the case of 
Aha Lake Wetland Park as an example, this method 
system through three different steps, the social, 
environmental, and economic values of the park 
ecosystem are calculated. Compared with other 
evaluation methods, the evaluation process of this 
study is based on the analysis of the characteristics 
of the study area, starting from different perspectives 
and important ecosystem components to coordinate 
the most prominent service value in the park.

2)	 On a practice level, this study explores the 
comprehensive and specific indicator quantitative 
evaluation method. Aiming at some important 
characteristic indexes, the evaluation method has 
been innovated. On the one hand, the evaluation 
process combines remote sensing and field 
observation data with the quantified ecosystem 
model such as CASA to calculate such indicators 
as carbon fixation and oxygen release. On the other 
hand, some important socio-economic indicators 
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are quantified through social surveys and value 
measures. In addition, to make the evaluation results 
more objective, this research transforms all kinds of 
ES values into market values.

3)	 On a realistic level, the important goal of this study 
is to set the framework system to make the evaluation 
process more flexible, to be adjusted based on the 
characteristics of different regions and reflect the 
practical features of this study. The study hopes 
that through the case of Aha Lake Wetland Park, it 
shows how the specific characteristics of the park 
can be reflected in the adjustment of the framework 
and selection of indicators so that the final evaluation 
results can objectively reflect the important ecosystem 
features of the park. On the other hand, it discusses 
the relationship between park planning process and 
ecosystem service function evaluation, summing up 
the value of the importance of evaluation. In general, 
the evaluation of ecosystem service function value 
plays a role as a bridge between planning scenarios 
and actual ecosystem functions, and should be fully 
studied in the management of parks.
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