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The realization of freshwater ecosystem services value plays a vital role in the survival of 
human beings and the sustainable development of fisheries, and this process is 
inseparable from the support of consumers. This paper decomposes freshwater ecosystem 
services in multiple dimensions. From the perspective of consumers’ willingness to pay 
for ecosystem services, using the survey data of 821 consumers in China, the influence of 
various dimensions of freshwater ecosystem services on consumers’ willingness is 
explored by the structural equation model. The results show that: (1) consumers already 
have a certain awareness of freshwater ecosystem services, but the proportion of 
consumers willing to pay extra for them is not high; (2) the individual characteristics 
(age, gender, education, and income ) affect consumers’ willingness to pay for freshwater 
ecosystem services value, but the impact degree is not high; (3) regulating, cultural, and 
provisional servers functions of freshwater ecosystem services significantly affect 
consumers’ willingness to pay, especially freshwater ecosystem services’ role on 
regulating carbon emissions, controlling algal biomass, enhancing local fishery culture 
and improving leisure and leisure entertainment services. This study is helpful to deeply 
understand consumers’ willingness to pay for various dimensions of freshwater 
ecosystem services and provide more targeted and detailed guidance for realizing it. 

INTRODUCTION 

The concept of ecosystem services links nature to human 
well-being, emphasizing the anthropocentric view of hu
man beings in the natural environment. Therefore, scholars 
define it as the direct or indirect benefit that humans re
ceive from the natural environment,1,2 which can influence 
people’s evaluation of self-well-being through the penetra
tion of many aspects of life. For example, ecosystem ser
vices can meet human needs for food security,3 can meet 
people’s needs for income security,4 and can provide more 
meaningful practices,5,6 with safer and more functional liv
ing environments,7 in addition, can also promote the con
nection between people and nature and increase people’s 
closeness to nature.8 

Freshwater is necessary for human survival, and the 
freshwater environment provides the most important 
ecosystem service for humans.9,10 With their high biodiver
sity and abundance, freshwater products are central to pro

viding ecosystem services through protein supply, nutrient 
network control, nutrient cycle regulation, and recreational 
activities enrichment.11 

The realization of the value of ecosystem services has 
obvious public goods and externalities,12,13 so it requires 
government intervention.14 The Chinese government has 
made a lot of efforts to realize the value of ecological ser
vices in order to better respond to current environmental 
and welfare problems. For example, the Chinese govern
ment has proposed an ecological civilization strategy that 
coexists in harmony with natural systems rather than try
ing to dominate nature, in order to mitigate ecological 
degradation and maintain ecosystem services.15 China’s 
13th Five-Year Plan (2016-2020) focuses on coordinating 
prominent ecological and environmental issues, providing 
residents with high-quality ecological products, with the 
core goal of optimizing environmental quality. In April 
2021, the General Office of the CPC Central Committee and 
the General Office of the State Council issued ‘the Opinions 
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on Establishing and Improving the Value Realization Mech
anism for Ecological Products’, calling for efforts to build a 
policy and institutional system for transforming clean wa
ter and green mountains into gold and silver mountains, 
and promoting the formation of a new model of ecological 
civilization construction with Chinese characteristics. 
Agricultural intensification transforms natural habitats 

into single agricultural planting or farming areas, and due 
to the use of large amounts of agrochemicals, local biomes 
disrupt,16,17 the abundance and richness of beneficial 
arthropods reduced,18 becoming the main reason for bio
diversity loss and decline in ecosystem services.19‑22 The 
marketization of freshwater ecosystem services value re
quires a shift from agricultural intensification to ‘ecological 
intensification’.23‑25 This process is inseparable from the 
support of the government and the operation of producers, 
as well as the recognition of the value of freshwater ecosys
tem services by consumers. 
Based on existing theories, this paper decomposes fresh

water ecosystem services in multiple dimensions. From the 
perspective of consumers’ willingness to pay for ecosystem 
services, using the survey data of 821 consumers in six 
cities in eastern, central and western China, the influence 
of various dimensions of freshwater ecosystem services on 
consumers’ willingness is explored by structural equation 
model. At the same time, to ensure the accuracy of the 
model regression results, the individual characteristics of 
consumers are introduced to analyze the possibility of real
ization of freshwater ecosystem services value, to improve 
the willingness of producers to supply ecological products, 
ensure regional ecological security and green economy of 
freshwater resources. Compared with the existing studies, 
the main contributions of this paper are as follows: first, the 
dimensions of freshwater ecosystem services are decom
posed, which has received less attention in existing related 
studies; Secondly, consumers are taken as the research ob
ject and analyzed from the perspective of their willingness 
to pay, so that the research conclusions are closer to the 
market rules. 

THEORETICAL FRAMEWORK 

From the perspective of consumers’ acceptance of ecologi
cal value, this paper decomposes freshwater ecosystem ser
vices in multiple dimensions. We apply the methodology 
of the UN Millennium Ecosystem Assessment,26 which pro
vides a basic framework for evaluating the dimensions of 
ecosystem services and paves the way for further promoting 
consumer acceptance of the marketization of the value of 
ecosystem services into decision-making.27 

1. DIMENSIONS OF FRESHWATER ECOSYSTEM SERVICES 

Using the MEA framework, four dimensions of services have 
been utilized—provisional services,  regulating services,   
cultural services, and supporting services    . Provisional 
services mainly refer to direct and indirect contributions to 
human consumption; regulating services refer to the role in 
regulating the carbon cycle and ‘biological pump’ in the wa

ter environment28; cultural services refer to the transmis
sion of local culture through traditions, customs and ritu
als; supporting services refer to the provision of nutrition 
to predators, indirect contribution to commercial fisheries 
and tourism.29 

(1) PROVISIONAL SERVICES 

Provisional services are the products obtained from ecosys
tems, such as food, wood, freshwater, and other products.2 

They are a tangible contribution to human consumption, 
which can be divided into direct and indirect contributions. 
The direct contribution of it is expressed in products and 

the environment as an integral part of provisional services 
via the most intuitive contribution to ecosystem functions. 
This has been reflected in many studies of scholars.30,31 For 
freshwater products, provisional services are manifested as 
the supply of ecological aquatic products and the provision 
of a healthy water environment. 
In the long run, the indirect contribution of provisional 

services may be as a source of indirect use value,32‑34 in
surance value.35‑37 For freshwater ecosystem service, the 
indirect contribution is manifested as the provision of 
germplasm resources. 

(2) REGULATING SERVICES 

To determine regulating services provided by the freshwa
ter ecosystem, the studies have been reviewed to distin
guish their role in the carbon cycle and ‘biological pump’,28 

mainly sequestering carbon from the atmosphere and ex
porting particulate organic matter. 
Some studies have quantified the role of fish in a given 

ecosystem. For example, Fox and Bellwood38 measured 
fish-controlled algae biomass, and McIntyre et al.39 deter
mined the nutrient quality recycled by fish. On the other 
hand, biomechanical features analysis also assessed the po
tential role of fish in ecosystems (e.g., Carroll et al.40). Car
bon is a main component of fish tissues and prey items41 

and critical to ecosystem function.42 Fish can modulate 
primary production through nutrient cascade and excre
tion, indirectly mediating CO2 fluxes at the air-water inter
face.43,44 Carbon is passed through the food webs. Fish al
ter the nutrient cycle in aquatic ecosystems through their 
impacts up and down the food webs.45,46 Fish regulate 
aquatic ecosystems by storing and releasing nutrients as 
consumers and prey for other organisms.11,39,47,48 

In this paper, the regulatory role of the freshwater 
ecosystem is divided into controlling algal biomass, main
taining nutrient cycling in aquatic ecosystems, and regulat
ing carbon emissions. 

(3) CULTURAL SERVICES 

Culture is central to all connections between humans and 
nature, and the analysis of cultural services complements 
the study of ecosystem service frameworks.28,49 The con
tents of fishery culture mainly include the origin and de
velopment history of fishery; fishing boats, fishing gear, 
fishing methods, breeding and processing techniques and 
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methods in various historical periods; living habits and 
customs of fishermen in various places; information about 
fish and fishermen Stories and legends, literary works of 
art; fish-eating techniques and methods; derivatives of the 
combination of fishery and religion, etc. Theories about 
fishery cultural tourism originated from Hobsbawn and 
Ranger’s50 study on growing nostalgia. This nostalgia was 
born of a yearning for a simpler way of life, that is, to escape 
to the countryside and escape modernity.51 

Cultural services are defined as improving leisure and 
entertainment services for residents, enhancing local fish
ery culture, and increasing local tourism revenue. 

(4) SUPPORTING SERVICES 

Supporting services, although part of ecosystem services 
are difficult to measure separately and thus at a risk of be
ing overlooked.52 This is because the value of other ecosys
tem services (provisioning, regulating and cultural services) 
is expressed more directly, and supporting services are gen
erally captured in them.53 It is well known that aquatic 
products can act as ecosystem engineers, and the func
tional diversity of freshwater ecosystem communities can 
modulate ecosystem services54,55 and processes.56,57 

To make the analysis more complete, we use three vari
ables to measure the supporting services of the freshwater 
ecosystem: protection of biodiversity in the water environ
ment,58 implementation of water conservation projects,59 

and demonstration of healthy production models. 

2. PERCEPTION OF INDIVIDUAL CHARACTERISTICS TO 
ECOSYSTEM SERVICES 

Different types of consumers have different perceptions of 
ecosystem services. Different user groups (e.g., men and 
women, high-income groups and low-income groups) per
ceive ecosystem services differently.60 When ecosystem 
services develop and change, the differences in personal 
well-being of different groups will lead to differences in 
their sensitivity to changes in ecosystem services.5,61 

Age, gender, education, and income were selected in our 
analysis as control variables for individual characteristics. 

Figure 1  shows the theoretical framework of the factors 
affecting the marketization of freshwater ecosystem ser
vices value based on the MEA framework. 

DATA AND METHODS 
1. DATA SOURCE 

A standardized questionnaire was used to collect data 
through an online survey system called ‘Wenjuanxing’ 
(www.wjx.com), issued from August to September 2022. 
The survey aims to analyze and explore the consumers’ ac
ceptance of freshwater ecosystem services’ value through 
sample data recovery. 862 questionnaires were distributed, 
821 valid questionnaires were recovered, and the effective 
rate was 95%. Consumers from six cities in China were se
lected in the research: Shijiazhuang, Wuxi, Hefei, Wuhan, 
Chengdu and Kunming. 

Table 1  shows the individual characteristics of the in
terviewed consumers. The samples are mainly middle-aged 
consumers aged 26-35 and 36-45, accounting for 38.00% 
and 38.98% of the total sample, respectively. Male con
sumers accounted for 54.45% of the sample, which was not 
much different from the proportion of female consumers 
(45.55%). The years of education of the sample are mostly 
concentrated in 13-16 years (college or undergraduate ed
ucation), accounting for 39.34% of the total sample, fol
lowed by 10-12 years (high school education), accounting 
for 33.01% of the total sample. The monthly household in
come is mostly concentrated in CNY3000-6000 (27.89%), 
CNY6001-10000 (22.78%) and CNY10001-15000 (22.41%). 

2. VARIABLE SETTINGS 

(1) EXPLAINED VARIABLE 

Based on the theoretical analysis, this paper defines con
sumers’ willingness to pay for freshwater ecosystem ser
vices as the explained variable. The question set in the 
questionnaire is: ‘Ecological freshwater products refer to 
the safe, harmless, nutritious, and healthy products that 
are produced following the requirements of aquatic prod
ucts safety under the premise of protecting and improving 
the agricultural ecological environment, following the laws 
of ecology and ecological economics, and using the agri
cultural development model of intensive management. Are 
you willing to pay a higher price for them than normal?’ 
The answers are divided into unwilling to pay extra, willing 
to pay extra less than 1%, willing to pay extra 1%-3%, will
ing to pay extra 3%-6%, willing to pay extra 6%-10%, and 
willing to pay extra 10% or more, assigned values of 0, 1, 2, 
3, 4, 5 and 6 respectively in the analysis (Table 2 ). 
The proportion of consumers unwilling to pay extra ac

counts for 23.02%. Most consumers are willing to pay more 
for freshwater ecosystem services, but the proportion of ex
tra payment is not high, concentrated at 1%-3%, account
ing for 29.96% of the overall sample. Only 3.41% of con
sumers are willing to pay more than 10% for freshwater 
ecosystem services (Table 2 ). 

(2) EXPLANATORY VARIABLE 

This paper selects multiple dimensions of freshwater fish 
ecosystem services and individual characteristics as ex
planatory variables based on the existing studies. The mul
tiple dimensions of freshwater ecosystem services include 
provisional, regulating, cultural, and supporting services, 
and consumer personal characteristics include age, gender, 
education, and income. The definitions of variables and 
their representative letters are shown in Table 3 . 

3. MODEL SELECTION 

To assess the potential causality between the dimensions 
of ecosystem services on consumers’ willingness to pay, we 
constructed structural equation model (SEM). SEM explains 
the function of the entire system through the construction 
of a statistical framework by finding solutions that mini
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Figure 1. Theoretical framework.   

Table 1. Descriptive statistics of the sample consumers.       

Items Levels Obs. Frequency 
(%) 

Items Levels Obs. Frequency 
(%) 

Age 
(years) 

<25 138 16.81 

Educational 
Level(years) 

≤9 91 11.08 

26-35 312 38.00 10-12 271 33.01 

36-45 320 38.98 13-16 323 39.34 

46-55 44 5.36 ≥17 136 16.57 

>55 7 0.85 

Monthly household 
income(CNY) 

<3000 102 12.42 

Gender 
Male 447 54.45 3000-6000 229 27.89 

Female 374 45.55 6001-10000 187 22.78 

10001-15000 184 22.41 

>15000 119 14.49 

Table 2. The statistics of the explained variable.       

Options Unwilling to pay extra 
Willing to pay extra 

<1% 1%-3% 3%-6% 6%-10% >10% 

Assignment 0 1 2 3 4 5 

Obs. 189 129 246 157 72 28 

Frequency 23.02% 15.71% 29.96% 19.12% 8.77% 3.41% 

mize the difference between the model’s predictions and 
observations, verifying the possible relationship between 
variables, and parameterizing the model.62,63 

Based on the existing studies and practical experience, 
the model structure of this paper is established. The vari
ables that ultimately affect consumers’ willingness to pay 
for ecosystem service include 4 latent variables of the 
ecosystem service system dimension (provisional services, 

regulating services, cultural services and supporting ser
vices), 12 observation variables of ecosystem services (each 
latent variable contains 3 observation variables), 4 obser
vation variables of individual characteristics (age, gender, 
education level and monthly household income). The ob
servation variables affect consumers’ willingness to pay by 
acting on latent variables, and individual characteristic 
variables directly act on consumers’ willingness to pay as 
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Table 3. The definitions of explanatory variables and their representative letters          

Variables Definitions 
Represen-

tative 
letters 

Multiple dimensions of ecosystem services 

Unwilling 
to pay 
extra 

Willing to pay extra 

<1% 1%-3% 3%-6% 6%-10% >10% 

Provisional services variable PS 

Supply of ecological aquatic 
products 

0 1 2 3 4 5 GEAF 

Provision of a healthy water 
environment 

0 1 2 3 4 5 HWE 

Provision of germplasm 
resources 

0 1 2 3 4 5 GR 

Regulating services variable RS 

Controlling algal biomass 0 1 2 3 4 5 AB 

Maintaining nutrient cycling in 
aquatic ecosystems 

0 1 2 3 4 5 NCAE 

Regulating carbon emissions 0 1 2 3 4 5 CE 

Cultural services variable CS 

improving leisure and 
entertainment services 

0 1 2 3 4 5 RLES 

Enhancing local fishery culture 0 1 2 3 4 5 LFC 

Increasing local tourism 
revenues 

0 1 2 3 4 5 LTR 

Supporting services variable SS 

Protection of biodiversity in 
the water environment 

0 1 2 3 4 5 BWE 

Implementation of water 
conservation projects 

0 1 2 3 4 5 WCP 

Demonstration of healthy 
production models 

0 1 2 3 4 5 HPM 

Individual characteristics 

Age <25=1; 26-35=2; 36-45=3; 46-55=4; >55=5 AGE 

Gender Male=0; Female=1 GEN 

Education level(years) ≤9=1; 10-12=2; 13-16=3; ≥17=4 EDU 

Monthly household income <3000=1; 3000-6000=2; 6001-10000=3; 10001-15000=4; >15000=5 INC 

observation variables. In addition, there is a correlation be
tween age, education level, and household income. There
fore, the theoretical structure diagram was constructed, 
shown in Figure 1 . 

RESULTS 

In this paper, the classical estimation approach of 
SEM—Maximum Likelihood is used to perform model op
erations. The model has obtained satisfactory results in 
AMOS26.0 (Chi-square =7.817, P=0.099). The results of the 
standardized estimate are shown in Figure 2 . 
It can be seen from Table 4 that all dimensions of ecosys

tem services (provisional services, regulating services, cul
tural services and supporting services) have a positive im
pact on consumers’ willingness to pay, and regulating 

services have the greatest impact (standardized coefficient 
= 0.745), followed by cultural services (standardization co
efficient = 0.625), provisional services (standardization co
efficient = 0.208), and the least impact is supporting ser
vices (standardization coefficient = 0.009). The impact of 
the first three dimensions is significant, and the impact of 
supporting services is not. 
Among the variables of individual characteristics, gen

der, age, education level and income also have a significant 
impact on consumers’ willingness to pay. As education level 
(standardized coefficient = 0.080) and income (standardized 
coefficient = 0.050) increase, consumers’ willingness to pay 
for ecosystem services increases. The estimated coefficient 
for sex is negative, indicating that men are more willing to 
pay for ecosystem services than women. The estimated co
efficient of age is also negative, which means consumers’ 
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Figure 2. Results of the standardized estimates of the SEM.         

Table 4. Estimate for Four dimensions of ecosystem services and individual characteristic variables to             
consumers’ willingness to pay in the model.        

Variables 
Estimate 

coefficient 

Standardized 
Estimate 

coefficient 
S.E. P 

Provisional services (PS) 0.612 0.208 0.033 0.001*** 

Regulating services (RS) 2.183 0.745 0.049 0.001*** 

Cultural services (CS) 1.722 0.625 0.037 0.001*** 

Supporting services (SS) 0.025 0.009 0.027 0.353 

Age (AGE) -0.106 -0.028 0.041 0.009** 

Gender (GEN) -0.169 -0.022 0.077 0.029** 

Education level (EDU) 0.240 0.080 0.034 0.001*** 

Monthly household income (INC) 0.143 0.050 0.033 0.001*** 

***p < 0.01; **p < 0.05; *p < 0.1 

willingness to pay for ecosystem services decreases with 
age. 

DISCUSSION AND CONCLUSIONS 

Overall, our findings reveal the impact of ecosystem service 
dimensions and consumers’ individual characteristics on 
consumers’ willingness to pay. 

1. PROVISIONAL SERVICES 

The impact of provisional services on consumers’ willing
ness to pay for ecosystem services is a significant positive 
impact, but this impact only ranks third. According to exist
ing research, the provisional services are the products ob
tained from ecosystems.2 Consumers should have a higher 
willingness to pay for the obvious role of ecosystem ser
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Table 5. Estimate for observation variables to dimensions of ecosystem services in the model.             

Estimate 
Standardized 

Estimate 
S.E. P 

Provisional services 
variable 

Supply of ecological aquatic products (GEAF) 1.118 0.924 0.03 *** 

Provision of a healthy water environment 
(HWE) 

1.12 0.945 0.029 *** 

Provision of germplasm resources (GR) 1 0.854 

Regulating services 
variable 

Controlling algal biomass (AB) 1.024 0.852 0.031 *** 

Maintaining nutrient cycling in aquatic 
ecosystems (NCAE) 

0.975 0.824 0.032 *** 

Regulating carbon emissions (CE) 1 0.857 

Cultural services 
variable 

Improving leisure and entertainment services 
(RLES) 

1.013 0.934 0.021 *** 

Enhancing local fishery culture (LFC) 1.062 0.962 0.02 *** 

Increasing local tourism revenues (LTR) 1 0.92 

Supporting services 
variable 

Protection of biodiversity in the water 
environment (BWE) 

0.938 0.897 0.019 *** 

Implementation of water conservation projects 
(WCP) 

1.025 0.997 0.011 *** 

Demonstration of healthy production models 
(HPM) 

1 0.964 

***p < 0.01 

vices, but the results of the study do not show such a high 
impact. With the online survey, there might exist knowl
edge gaps on the provisional services associated with prod
uct consumption, it could be improved when awareness im
proved. 
Among the three observation variables of Provisional 

services, ‘Supply of ecological aquatic products’ has the 
greatest impact (standardized coefficient = 0.945), followed 
by ‘Provision of a healthy water environment’ (standard
ized coefficient = 0.924), and the least impact is ‘Provision 
of germplasm resources’ (standardized coefficient = 0.854). 
In the dimension of provisional services, consumers pay 
more attention to the provision of products and ecological 
environment. The impact of ecosystems on germplasm re
sources has not received sufficient attention (Table 5). 

2. REGULATING SERVICES 

The impact of regulating services on consumers’ willing
ness to pay for ecosystem services is positive and signifi
cant. Compared with other dimensions, regulating services 
have the greatest impact on consumers, which means, con
sumers are willing to pay the greatest value for the reg
ulating services function of ecosystem services, and what 
consumers value most is the regulating functions of ecosys
tems. 
Among the three observation variables of regulating ser

vices, ‘regulating carbon emission’s has the greatest impact 
(standardized coefficient = 0.857), followed by ‘controlling 
algal biomass’ (standardized coefficient = 0.852), and the 
least impact is ‘maintaining nutrient cycling in aquatic 
ecosystems’ (standardized coefficient = 0.82 ). The concept 
of carbon peaking and carbon neutrality has formed a con
sensus in the minds of consumers. Consumers’ attention to 

the ecological environment has brought their willingness to 
pay for the ecological environment (Table 5). 

3. CULTURAL SERVICES 

Cultural services have a positive and significant impact on 
consumers’ willingness to pay for ecosystem services, sec
ond only to regulating services. That means, the cultural 
function of ecosystem services has been recognized by con
sumers. 
Among the three observed variables of cultural services, 

‘enhancing local fishery culture’ has the greatest impact 
(standardized coefficient = 0.962), followed by ‘improving 
leisure and entertainment services’ (standardized coeffi
cient = 0.934), and the least impact is ‘increasing local 
tourism revenues’ (standardized coefficient = 0.92). The en
hancement of local fishery culture and the improvement 
of leisure and entertainment services for residents are in
creasing consumers’ willingness to pay for ecosystem ser
vices (Table 5). 

4. SUPPORTING SERVICES 

The impact of Supporting services on consumers’ willing
ness to pay for ecosystem services is positive, but not sig
nificant. It can be seen that the function of ecosystem in 
terms of supporting services has not attracted the attention 
of consumers, such as biodiversity and water conservation 
projects (Table 5). 
In conclusion, according to the analysis of sample data, 

consumers already have a certain awareness of freshwater 
ecosystem services, but the proportion of consumers will
ing to pay extra for them is not high, indicating that this 
level of awareness needs to be improved. At the current 
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level of consumer awareness, the realization of freshwater 
ecosystem services requires the selection of factors that 
have a greater impact on consumer intentions. SEM results 
show that individual characteristics have little effect on 
consumers’ willingness to pay. The regulating and cultural 
functions of freshwater ecosystem services are most likely 
to stimulate consumer willingness, especially freshwater 
ecosystem services’ role on regulating carbon emissions, 
controlling algal biomass, enhancing local fishery culture 
and improving leisure and leisure entertainment services. 
The government and relevant departments can publicize 
freshwater ecosystem services in these aspects, improve 
consumers’ awareness level and willingness to pay, so as 
to lay a better foundation for the realization of freshwater 
ecosystem services. 
In addition, the division of observation variables in the 

freshwater ecosystem services dimension in this study may 
not be detailed enough. Further research can refine the in
dicators of each dimension observation variables, which is 
helpful to improve the research conclusions. In addition, 
consumers’ attitudes towards freshwater ecosystem ser
vices can also be set as latent variables which can be evalu
ated by observation variables to get a more comprehensive 
measurement of consumer attitudes. 
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