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Management policies are crucial for safeguarding sustained and stable marine biodiversity amidst ongoing pressures such as land use change, pollution, resource overexploitation, invasive alien species and climate change. China established a nature’s contributions to people value realization policy (NCPVR) in 2021, aiming to encourage stakeholders to prioritize environmentally beneficial production and consumption choices, thereby stimulating intrinsic public motivation for ecological conservation. Biodiversity conservation is an integral component of the NCPVR policy. A choice experiment method was employed to investigate the changes in public preferences for marine biodiversity conservation in Jiaozhou Bay before and after the enactment of the NCPVR policy (in 2017 and 2023, respectively), aiming to evaluate the effectiveness of the policy on marine biodiversity conservation. The results indicate that two years after the implementation of the NCPVR, the public’s overall breadth and depth of awareness regarding marine biodiversity increased. Additionally, public preferences for marine biodiversity conservation increased, expanding from two categories in 2017 (shallow-water swimming organisms and marine plants) to five categories in 2023 (with the addition of seabirds, plankton, and intertidal and benthic organisms). The willingness to pay (WTP) for seabirds, plankton, and intertidal and benthic organisms, as well as shallow-water swimming organisms, increased from 32.21~85.77 CNY/person·year to 98.21~140.49 CNY/person·year. China’s NCPVR policy effectively conveyed important information about biodiversity conservation in the short term, enhancing public awareness and preferences for marine biodiversity conservation. The study also revealed that economic incentive policies for NCPVR remain at the conceptual propaganda level and lack operational incentives for biodiversity conservation. It is recommended that the government deepen the design of value realization pathways and market trading arrangements to stimulate the intrinsic motivation of the public for marine biodiversity conservation and ensure the long-term effectiveness of policies.
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1 Introduction

Biodiversity serves as the cornerstone of the global economy and human well-being, providing a rich variety of essential goods for production and livelihoods, a healthy and secure ecological environment, and a unique and exquisite natural landscape and cultural heritage (TEEB, 2011). The ocean covers approximately 71% of the Earth’s surface. As a crucial component of the marine biosphere, marine biodiversity constitutes an essential guarantee for human survival and development. Marine organisms provide abundant food, pharmaceuticals, and chemical raw materials for human beings, as well as ecological functions such as coastal protection, waste decomposition, climate regulation, and recreational activities, and harbor enormous ecological, economic, and cultural value (MA, 2005; TEEB, 2010; IPBES, 2019).

China has over 29,300 recorded marine species, constituting approximately 12.2% of the global marine species (SEE, 2023). However, land use change, mechanical change or habitat loss, pollution, resource overexploitation, invasive alien species and climate change have led to a continuous decline in marine biodiversity since the 1990s (Mace et al., 2012; Jaureguiberry et al., 2022). Furthermore, China’s marine ecosystems possess evident regional and unique characteristics, with a plethora of endemic and local species highly reliant on pristine coastal habitats (Li, 2019). The sustained pressure from economic growth has markedly heightened the vulnerability of marine ecosystems and biodiversity. Biodiversity exhibits the typical characteristics of a public good and faces pressure from the tragedy of the commons. To mitigate ecosystem degradation and enhance the supply capacity and health level of ecosystems, the Chinese government introduced an economic incentive policy called nature’s contributions to people value realization (NCPVR)1. “A guideline on setting up and improving the mechanism to realize the value of nature’s contributions to people” was issued in 2021, and the exploration of NCPVR was included as one of China’s biodiversity conservation practices in “Biodiversity Conservation in China (2021)” and the “China National Biodiversity Conservation Strategy and Action Plan (2023-2030)”. NCPVR serves as an important mean for the Chinese government to implement ecological civilization construction2, aiming to encourage stakeholders to protect the environment and ensure that they obtain conservation benefits, driving economic entities to make production and consumption choices conducive to the most favorable environmental improvements as perceived by policy-makers, and stimulating the intrinsic motivation of the public for ecological conservation.

How environmental management policies stimulate individuals’ willingness and behaviors to participate in environmental protection is a widely discussed topic in environmental economics and management. Policies can primarily influence public environmental protection behavior through two pathways: by conveying information to affect public cognition or by providing incentives or constraints on public behavior. Regarding the role of environmental policies in enhancing public environmental awareness, Stern (2000) pointed out that policy orientation is one of the influencing factors of public environmental behavior. Individuals express their support or acceptance of environmental policies, such as endorsing environmental regulations or willingness to pay higher taxes for environmental protection, which further influences the formulation and optimization of public policies. Lehman and Geller (2004) showed that policies can guide the public’s perception and views on environmental issues, thereby influencing public environmental behaviors. Steg and Vlek (2009) noted that once environmental knowledge is disseminated in the form of public policies, it reflects the intentions and visions of policy-makers for environmental governance and provides social support and moral obligations to strengthen social norms, further changing the public’s environmental preferences and willingness to pay. Rambonilaza and Brahic (2016) noted that environmental policies can enhance public environmental awareness and literacy by facilitating the dissemination of specific environmental knowledge. Wang et al. (2024) believed that environmental policies will jointly affect the public’s willingness to pay for environmental protection through the explanatory effect (affecting public environmental cognition) and resource effect (alleviating resource constraints).

In terms of constraining or incentivizing public behavior through policies, Maki et al. (2016) conducted a meta-analysis to explore the effects of monetary incentives (cash) and nonmonetary incentives (such as gifts or coupons) on the duration of environmental behavior. Their results showed that both types of economic incentives, whether monetary or nonmonetary, have small to moderate effects on environmental behavior during and after the intervention period, demonstrating that economic incentives help change and sustain pro-environmental behavior. Chen et al. (2020) investigated the influence of the new environmental protection law on the environmental behavior of the Chinese people, and their results indicated that legislation and regulations can increase the public’s sense of responsibility for environmental protection and reduce their expectations of risk and behavior costs, thus encouraging them to engage in pro-environmental behavior.

The choice experiment (CE) is one of the primary methods used in behavioral and experimental economics. It simulates decision-making scenarios for environmental protection in real-life situations. By observing respondents’ actual choice behaviors and collecting data on respondents’ behavior patterns, preferences, and decision-making processes regarding environmental decision scenarios, the CE can provide a scientific basis for the development of effective policies and intervention measures. In recent years, an increasing number of scholars have used the CE to explore respondents’ optimal choices in alternative biodiversity conservation scenario sets through utility maximization, revealing participants’ preferences or willingness to pay (WTP) for different attributes in decision scenarios. Wallmo and Lew (2012) indicated that respondents were willing to pay $40 to $73 for endangered species recovery in the U.S. Stefanski and Shimshack (2016) assessed the public willingness to pay for marine biodiversity protection in the Gulf of Mexico, with each household’s WTP ranging from $35 to $107. Researchers have also been concerned about whether preferences for biodiversity protection will change over time. Schaafsma et al. (2014) used the CE to study the public’s protection preferences for nature reserves by conducting two surveys on the same respondents within one year. The results showed significant differences in protection choices and preferences between the two surveys, but WTP remained stable over time. Lew and Wallmo (2017) compared preferences and WTP values for threatened and endangered marine species protection between two identical surveys carried out in 2009 and 2010. Their results showed that public preferences and WTP for endangered species protection remained stable between 2009 and 2010.

While these studies demonstrated the potential for changes in preferences for biodiversity protection over time, they did not explore the underlying reasons for changes in preferences and WTP. Individuals’ preferences and willingness to pay for a commodity may change over time due to changes in external information (Czajkowski et al., 2016), especially when facing external uncertainties such as drastic changes in economic conditions or political events or unexpected events. Perni et al. (2020) conducted two contingent valuation (CV) surveys on water quality improvement in the Mar Menor coastal lagoon in Spain in 2010 and 2017. They found that when environmental protection policies are not correctly implemented or fail to achieve their specified goals, the public’s preferences and willingness to pay for water quality improvement may change. Hynes et al. (2021) showed that environmental preferences and WTP before and after COVID-19 remained stable. Wunsch et al. (2022) reported changes in public preferences and WTP for coastal protection during the COVID-19 pandemic.

Biodiversity is a common resource, and the effectiveness of biodiversity conservation relies on the public’s awareness of the ecosystem services provided by biodiversity, such as maintaining ecosystem productivity and stability, and their cost−benefit evaluations of protective actions. Has China’s NCPVR policy effectively conveyed knowledge about the ecological environment and biodiversity protection to the public? Has it generated significant or sufficient incentives to prompt the public to engage in proactive conservation behaviors? What are the factors influencing the public’s compliance with biodiversity conservation policies? Choice experiments were employed to explore changes in public preferences and WTP for marine biodiversity conservation after the implementation of the NCPVR policy.

Jiaozhou Bay, located in the eastern coastal region of China, is a typical representative of China’s temperate sea areas and boasts rich biodiversity. Moreover, the level of urbanization in this area is relatively high, with numerous channels for information dissemination, making the public more sensitive to environmental issues. Thus, Jiaozhou Bay was selected as the study area, and two surveys were conducted on public preferences for marine biodiversity conservation in 2017 and 2023. The 2017 survey mainly focused on local residents’ preferences and willingness to pay (WTP) for biodiversity conservation. After the implementation of NCPVR, the second survey conducted in 2023 to assess the impact of the policy on preferences and WTP. The respondents were randomly selected from among the residents of Jiaozhou Bay to explore the marginal changes in public conservation preferences and WTP for different marine species before and after the proposal of the NCPVR policy. Furthermore, factors affecting the effective implementation of marine biodiversity conservation policies were analyzed. In addition, the time stability test of preferences was completed. The objectives of this study are as follows: first, to evaluate the effectiveness of the NCPVR policy in biodiversity conservation; second, to quantify the marginal changes in public preferences for marine biodiversity conservation before and after the implementation of the policy; and third, to explore the factors affecting the effective implementation of biodiversity conservation policies.

The structure of this article is as follows: Section 2 introduces the methods for choice experiments and preference stability tests; Section 3 presents an overview of marine biodiversity in the study area, describing the experimental design and survey implementation process; and Section 4 shows the results of model estimation, including the willingness to pay (WTP) for various marine biodiversity attributes and the results of a difference test between WTP in the two periods. Section 5 summarizes the research conclusions and provides a discussion. Section 6 provides policy recommendations.




2 Methods



2.1 Choice experiment

The foundation of the choice experiment method lies in the theory of attribute value and random utility theory. Lancaster (1966) proposed the theory of consumer behavior, suggesting that the utility consumers derive from goods originates from various attributes. Thus, the choice experiment method divides the research object into multiple attributes with different levels and combines them into different choice sets. McFadden (1973) stated that random utility theory assumes that individuals choose options that provide maximum utility. The utility   of respondent n choosing option i is composed of the observable part   and the unobserved random part  :

 

where   depends not only on the attributes of the commodity but also on the socioeconomic attributes of the respondents. Therefore, the utility function can be further expressed as:

 

An alternative specific coefficient (ASC) was added to capture respondent heterogeneity in the utility function. ASC is assigned the value of 1 when the respondent pays to protect marine species; otherwise, it is assigned 0.   is the coefficient of the kth marine biodiversity attribute of alternative i.   is the kth marine biodiversity attribute of alternative i shown to respondent n.   is the vector of coefficients for the interaction between ASC and the mth socioeconomic characteristic of respondent n.   is the mth socioeconomic characteristic of respondent n.   is the random error term.

To estimate the probability of choosing an alternative i, assumptions need to be made about the distribution of the stochastic term  . Different assumptions about   lead to different choice model specifications (Train, 2003). It is commonly assumed that   is independently and identically distributed, following a Gumbel distribution. In this case, estimation can be carried out using the multinomial logit model (MNL). However, the MNL model imposes the independence of irrelevant alternatives (IIA) assumption, which means that “The relative probability of each option being chosen is unaffected by the addition or removal of other alternatives” (Hensher et al., 2005). Furthermore, the MNL model assumes that preferences are uniformly distributed across the entire population, which may lead to potential bias in parameter estimation. When the IIA assumption is violated, more complex statistical models, such as the random parameter logit model (RPL), are employed for estimation. RPL acknowledges the presence of preference heterogeneity and allows parameters in the model to vary across individuals in the population. In this case, the probability of individual n choosing alternative i is given by:

 

where   is a density function, which assumes a continuous distribution similar to the normal distribution in RPL.

The marginal utility estimated by using a probability choice model can be translated into estimates of willingness to pay for changes in attribute levels (Hanley et al., 2005). The marginal willingness to pay for attribute i can be calculated as follows:

 

where   is the coefficient of the attribute of interest and   is the payment attribute.

The social welfare of marine biodiversity conservation can be calculated using compensating surplus (CS):

 

where   is the coefficient of the monetary attribute.   and   represent indirect utility functions before and after the conservation choice, respectively.




2.2 Temporal stability test

This study present an examination of the differences in marine biodiversity protection scheme choices and WTP among respondents in the same area at six-year intervals, reflecting the temporal stability of public preferences and WTP before and after policy implementation, as well as the validity of policy implementation. Based on a study by Schaafsma et al. (2014), the following two hypotheses can be tested to compare whether preferences and WTP changed between the two periods:

H1: There are no significant differences in any of the model parameters between the two samples from different periods:

 

H2: There are no significant differences in the marginal willingness to pay for all attributes i between the two samples from different periods:

 

The test for H1 is based on the method proposed by Swait and Louviere (1993) and is conducted through likelihood ratio tests:

 

  represents the log likelihood of the pooled data model, while   and   represent the log likelihoods of the data in two different periods. After obtaining the likelihood ratio statistic, hypothesis testing can be conducted to determine whether the differences between the models are significant. Rejecting the null hypothesis indicates significant differences between the two models, suggesting the absence of temporal stability.

The test for H2 involves analyzing the confidence intervals of WTP in the multinomial logit model and examining the differences in WTP parameter estimates between the two periods to determine whether the mean WTP in the two surveys is equal. Furthermore, following the method proposed by Poe et al. (2005), a test for the differences in the empirical distributions of WTP was conducted.





3 Study area and survey design



3.1 Study area

Jiaozhou Bay is a semienclosed bay located on the southern coast of the Shandong Peninsula in the central Yellow Sea of China (Figure 1). It's located in the warm temperate zone, with significant seasonal changes in water temperature and abundant nutrient content near the coast, providing sufficient nutrients for the growth and reproduction of marine species. The phytoplankton community structure in Jiaozhou Bay is mainly composed of diatoms and dinoflagellates, while benthic algae are represented by Chlorophyta, Phaeophyta, and Rhodophyta. The wetlands of Jiaozhou Bay host additional plant species, such as reeds and Suaeda salsa, contributing to a rich diversity of marine plant resources. Jiaozhou Bay is a bait and nursery ground for important economic fish, shrimp, crabs, and shellfish, such as mantis shrimp, Portunus trituberculatus, flounder, black porgy, blue-spotted trevally, and Manila clam. Jiaozhou Bay is also one of the areas in China with the richest diversity of seabirds. There are 157 species of birds from 64 families in 19 orders in the wetlands of Jiaozhou Bay, which are important breeding, migratory, and wintering grounds for rare bird species such as the Chinese crested tern, lesser sand plover, great knot, Eurasian curlew, and black-headed gull. Among the critically endangered bird species listed in the International Union for Conservation of Nature (IUCN) Red List, five species have been identified in the wetlands of Jiaozhou Bay.




Figure 1 | The map of the Jiaozhou Bay area. Figure 1 is modified from original figures (Drawing review No: GS(2019)1708, No: GS(2021)5450) downloaded from the website of the Ministry of Natural Resources of the People’s Republic of China (http://bzdt.ch.mnr.gov.cn/).



Industrial development has exerted pressure on Jiaozhou Bay’s marine habitats since the 1950s, leading to habitat loss and pollution that significantly impact bird populations and fish migration. Since the 1980s, the biodiversity of Jiaozhou Bay has sharply decreased, with some rare and endangered species facing extinction. In 1985, more than 200 bird species were surveyed in the Jiaozhou Bay wetlands. However, this number declined by 25% in 2009 (Wang et al., 2016). The number of fish species caught decreased from 109 in the 1980s to 58 in the 1990s, a reduction of 46.3% (Wu, 1999). Net catches during the 1990s were approximately 10% of those in the 1980s, with a notable decline in high-value economic species such as flounders, groupers, sauries, and Japanese tonguesole (Wu and Chai, 1993; Wu, 1999). Benthic and zooplankton populations exhibit significant fluctuations, while dominant phytoplankton species are increasingly homogenized.

In 2012, the local government designated a 203.8 km protection control line and a 370.6 km2 protection area to address the long-standing problem of the shrinking water area of Jiaozhou Bay due to reclamation (Qingdao Municipal Urban Planning Bureau and Qingdao Municipal Oceanic and Fishery Administration, 2012). With the implementation of China’s ecological civilization construction strategy, the local government has accelerated the process of marine ecological protection and has successively carried out environmental improvement and ecological restoration projects such as coastal rehabilitation and restoration, coastal wetland vegetation restoration, hydrodynamic environment remediation, and biotic resource recovery. The ecological environment of Jiaozhou Bay has continued to improve, and its biodiversity has effectively recovered. In 2022, the proportion of the area with excellent water quality in Jiaozhou Bay reached 99% (Qingdao Ecological and Environment Bureau, 2022). A total of 71 species of phytoplankton, 79 species of zooplankton, 97 species of large benthic organisms, 157 species of wetland birds, and 178 species of marine fish have been monitored in Jiaozhou Bay, indicating the gradual recovery of marine biodiversity.




3.2 Survey design

In 2017 and 2023, two surveys were conducted in the urban area of Qingdao, where Jiaozhou Bay is located. A total of 798 valid questionnaire responses were obtained. The respondents were selected using a stratified random sampling method, with local residents from seven districts of Qingdao (Shinan District, Shibei District, Licang District, Laoshan District, Chengyang District, Huangdao District (i.e., West Coast New Area), and Jimo District) being randomly invited to participate in face-to-face surveys. The age and gender ratios were based on Qingdao’s Seventh National Census to ensure the representativeness of the sample. However, due to the higher refusal rate or invalid responses from individuals above 50 years old during the survey, the education level of respondents with valid questionnaires tends to be higher and their age is concentrated compared to census data. The survey was conducted by 13 well-trained interviewers. Only individuals aged 18 and above were selected for analysis.

The first survey was conducted in March 2017, aiming to assess the public willingness to pay for the conservation of marine biodiversity in Jiaozhou Bay and to evaluate the value of marine biodiversity conservation. The questionnaire consisted of four parts: the first part provided background information on the biodiversity of Jiaozhou Bay, describing changes in biodiversity since the 1950s; the second part investigated respondents’ familiarity with marine biodiversity, satisfaction with the current situation, and the welfare effects of marine biodiversity; and the third part involved the design of choice experiment attributes. The respondents were first briefed on the attributes and levels of biodiversity in Jiaozhou Bay, including five attributes of marine organisms (seabirds, zooplankton, intertidal and benthic organisms, shallow-water swimming organisms, and marine plants) and three attribute levels (improvement, maintenance, and deterioration). The respondents were asked to choose marine biodiversity conservation alternatives based on their conservation preferences and financial capacity; the fourth part was a survey of respondents’ socioeconomic characteristics, including gender, age, education, and income. A total of 325 questionnaires were randomly distributed to the public in living areas, supermarkets, and beaches. After excluding invalid and protest payment questionnaires, 275 valid questionnaires were obtained, resulting in a total of 1650 observations for the 2017 survey.

Since 2021, the Chinese government has implemented the NCPVR policy, and the Qingdao municipal government has successively issued supporting documents such as the “14th Five-Year Plan for Ecological Environment Protection in Qingdao City,” “Outline of the Beautiful Qingdao Construction Plan (2022-2035)”, “Outline of Construction Plan for National Ecological Civilization Demonstration Zone in Qingdao City (2021-2030),” and “Implementation Plan for Establishing and Improving the Pilot Program for Nature’s contributions to people Value Realization”. At the same time, in conjunction with important events such as Wetlands Day, International Day for Biological Diversity, and World Environment Day, Qingdao has conducted diverse public outreach initiatives to enhance awareness and understanding of marine biodiversity conservation efforts. Therefore, a follow-up survey was conducted to assess the impact of the NCPVR policy on public perceptions and behaviors related to marine biodiversity conservation. Additional questions regarding the nature’s contributions to people were added to the 2017 questionnaire, including “Have you heard of nature’s contributions to people?” “Do you consider Jiaozhou Bay wetlands, biological populations, and birds to be nature’s contributions to people?” “Have you heard of the Nature’s contributions to people Value Realization Policy?” “Do you think the value realization policy affects your daily behaviors such as avoiding purchasing young fish, reporting illegal reclamation and bird hunting, actively picking up beach litter, etc.” In addition, an open-ended question was included at the end of the questionnaire, asking respondents for suggestions on improving the NCPVR policy in China. Other parts of the questionnaire, such as background information, choice experiment attribute design, and socioeconomic characteristics survey questions, remained the same as those in the 2017 version. The survey team distributed 550 questionnaires in the same area from October to December 2023. After excluding incomplete, unqualified, and protest payment questionnaires, 523 valid questionnaires were obtained, resulting in 3138 valid observations for the 2023 survey.

The selection and status description of biodiversity attributes in the two surveys were based on research findings on the biological resources of Jiaozhou Bay by Zhang et al. (2009); Liang et al. (2015); Yuan et al. (2016), and Wu et al. (2017), further combined with Qingdao city’s records and the Qingdao Marine Environmental Bulletin to finalize (see Table 1): marine plants and animals, with animals including seabirds, intertidal and benthic organisms, shallow-water swimming organisms, and zooplankton. Based on the classification of biodiversity attribute characteristics by Christie et al. (2006); Eggert and Olsson (2009), and Juutinen et al. (2011), as well as the analysis of the current status and future potential trends of biodiversity by WWF (2016) and IUCN (2017), three attribute levels, improvement, maintenance, and deterioration, were set to reflect the current and potential future trends of biodiversity in Jiaozhou Bay. The payment attribute described the amount respondents were willing to pay for the conservation of marine biodiversity in Jiaozhou Bay, and its attribute levels were designed based on a presurvey.


Table 1 | Attributes and attribute levels.



Based on the attributes and their current status levels mentioned above, a total of 1215 combination schemes could be generated. Following the experimental design principles established by Huber and Zwerina (1996) and Louviere et al. (2000), 12 choice sets were selected using orthogonal analysis in SAS software. To mitigate significant cognitive burden, these choice sets were randomly combined into two versions of survey questionnaires, each comprising 6 choice sets. Example of the choice sets are illustrated in Table 2. Each choice set comprises three options: two marine biodiversity conservation options (Alternative A and Alternative B), leading to at least one attribute level being maintained or improved, with respondents being required to pay a certain fee accordingly; and an “opt-out” option, representing the scenario where respondents choose to forgo selection or prefer not to take any conservation action, and this option does not require any payments.


Table 2 | Example of choice sets.







4 Results



4.1 Sample characteristics

Table 3 presents the descriptive statistics and statistical hypothesis testing for both the 2017 and 2023 samples. Following Lourenço-Gomes et al. (2020), statistical tests for equality in the means were performed by parametric testing (t-test) and nonparametric testing (chi-square test and Mann−Whitney U test). The t-test did not reject the hypothesis of equal means for the quantitative variables age (p= 0.155 > 0.05) and income (p= 0.703 > 0.05). Additionally, the Mann−Whitney U test for the ordinal variable education level (p= 0.1227) supported the null hypothesis of equal variable distribution between the samples. Furthermore, the Pearson chi-square test indicated that the means of the binary variable gender were equal (p = 0.025>0.01). In conclusion, there were no significant differences in socioeconomic variables such as gender, age, education level, or income between the two samples, suggesting that they represent the same population of respondents.


Table 3 | Descriptive statistics.



Analysis of the changes in public awareness of marine biodiversity and nature’s contributions to people in Jiaozhou Bay revealed that respondents’ awareness of biodiversity significantly improved from 2017 to 2023. In 2017, 84.71% of respondents were aware of “biodiversity,” while only 24.13% associated it closely with their daily lives. By 2023, awareness of “biodiversity” increased to 93.22%, with 54.76% closely linking it to their daily lives. When queried about the effects of biodiversity loss on their well-being and that of future generations, over 90% of respondents in both surveys acknowledged an impact. However, only 30.17% of respondents perceived a significant impact in 2017, and this figure rose to 72.71% by 2023. These findings suggest an enhanced awareness among respondents in 2023 regarding the significance and welfare implications of biodiversity compared to 2017.

Regarding awareness of NCPVR policies, 73.26% of respondents stated that they were aware of “nature’s contributions to people,” and 67.58% of respondents agreed that wetland vegetation, biological populations, and birds are nature’s contributions to people. A total of 48.72% of respondents were aware of policies concerning NCPVR. When asked whether the NCPVR policy encouraged respondents to take more protective actions toward Jiaozhou Bay’s biological resources, 98.17% of respondents believed that the value realization policy changed their production and consumption behaviors, such as preferring ecotourism, avoiding the purchase of fry, reporting the hunting of birds, and participating in beach clean-up activities. This demonstrates that China’s NCPVR policy effectively conveys information about ecological environmental protection, promoting an increase in the public’s level of biodiversity awareness and willingness to protect it.




4.2 Preference for marine biodiversity conservation

Table 4 displays the estimation results of the random parameters logit model. Model estimation was conducted using the maximum likelihood estimation method with Halton sampling in Nlogit 5.0 software, and the estimation results were obtained after 500 iterations. In the random parameter logit model, marine biodiversity attributes were set as random parameters following a normal distribution. The estimation results of the sample model in 2017 showed that marine plants (PLAN) and shallow-water animals (SWIM) were significant at the 1% level, indicating that respondents had a positive preference for the improvement of these two biodiversity types. The respondents showed no significant preference for the protection of seabirds, intertidal and benthic animals, or plankton. There was a significant change in the preference for marine biodiversity conservation in 2023 compared to 2017. The estimation results of the sample model showed that all five biodiversity attributes were significant at the 1% level, indicating that respondents had a positive attitude toward the conservation of the five types of marine biodiversity, and the preference for conservation was ranked from high to low as follows: shallow-water animals (SWIM), intertidal and benthic animals (BENT), plankton (ZOOP), seabirds (BIRD), and marine plants (PLAN).


Table 4 | Random Parameter Logit Models results.



There was heterogeneity in the impact of socioeconomic variables on whether respondents chose to protect marine biodiversity between the two periods. The income in both periods had a significantly positive impact on respondents’ choices, indicating that people’s payment ability determined how much they were willing to pay, which is consistent with theory. The income effect in 2023 decreased compared to that in 2017. The respondents’ preferences for marine biodiversity conservation were also influenced by gender and age in the 2017 sample. Females and younger respondents preferred to take action for marine biodiversity conservation. However, age was no longer a factor influencing the public’s adoption of actions for the conservation of marine biodiversity in 2023.




4.3 Temporal stability test of conservation preference and willingness to pay

Based on the method of Swait and Louviere (1993), the differences in the model parameters between the two periods (H1) were tested. Table 5 indicates that there were significant differences between the two estimation models. The first two columns in the table provide the log-likelihood (LL) values of the models for the two periods. Based on the LR test statistic, the null hypothesis of equal preference parameters was rejected at the 5% level (Columns 4 and 5), indicating that the underlying preference structure had changed over the six-year interval; this indicates that against the background of the NCPVR policy, the public’s preferences for the protection of marine biodiversity had changed.


Table 5 | Swait and Louviere test results for hypothesis 1.



Table 6 shows the results of the mean marginal WTP and 95% confidence intervals for each attribute in the two periods. In addition to the results of the WTP heterogeneity test, we examined whether the public’s WTP for marine biodiversity protection changed before and after the proposal of the NCPVR mechanism. Krinsky–Robb simulation was used to calculate the relevant marginal WTP and 95% confidence intervals (Krinsky and Robb, 1986), with 500 iterations. The transfer error shows the absolute and relative differences in the mean WTP between the two periods. The marginal WTP (WTP) for marine biodiversity conservation attributes varied significantly between 2017 and 2023, with relative differences ranging from -46% to 205%. Compared to 2017, the annual per capita WTP for marine plants decreased, while the WTP for other attributes increased significantly, ranging from 64% to 205%. The ranking of WTP for each attribute shifted. In 2023, respondents showed the highest WTP for shallow-water swimming animals (140.49 CNY/person·year), followed by intertidal and benthic animals (108.95 CNY/person·year). The WTP for marine plants declined to 85.76 CNY/person·year from its 2017 level; this may have been due to the continuous restoration of marine wetland vegetation in Jiaozhou Bay in recent years, with significant progress in restoration, leading to a relative decrease in public preference for the protection of marine vegetation compared to other attributes.


Table 6 | Marginal WTP (chinese yuan) based on random parameter logit model results.



Based on the method proposed by Poe et al. (2005), the significant difference in the empirical distribution of individual WTP between the two periods was examined. The degree of overlap of WTP confidence intervals was used to reflect the differences in the Poe test. A large overlap indicates no significant difference in the WTP between the two periods. The Poe test can be used to examine the differences in marginal WTP distributions. The Poe test results were all less than 0.9, indicating that the overlap of the WTP distributions for each attribute between the two periods was less than 90%, and there was a significant difference in the WTP distributions between the two periods.

The compensation surplus for the two periods was calculated to reflect the changes in social welfare for the protection of marine biodiversity before and after the implementation of the NCPVR policy. Based on the model estimation results in Table 4 and Formula 5, the annual per capita compensation surpluses for the five representative attribute improvement schemes for marine biodiversity in Jiaozhou Bay in the two periods were 323.06 CNY and 541.69 CNY, respectively; this indicates that after the implementation of the NCPVR policy, the public was willing to pay more money for the protection of marine biodiversity, and there was an increase in public awareness and intrinsic motivation for conservation. The resident populations of Qingdao in 2017 and 2022 were 9.4998 million and 10.3421 million, respectively (Qingdao Municipal Statistics Bureau, 2018; Qingdao Ecological and Environment Bureau, 2022). If the marine biodiversity of Jiaozhou Bay could have been improved by one level, the added social welfare would have been approximately 3.069 billion CNY and 5.602 billion CNY, respectively.





5 Conclusion and discussion

Using policies to guide the public, enhance their awareness of marine biodiversity conservation, and motivate them to engage in conservation behaviors is an important step for protecting marine biodiversity. Public preferences for marine biodiversity conservation before and after the implementation of the NCPVR policy (in 2017 and 2023) were investigated to test the effectiveness of the NCPVR policy in enhancing public awareness of marine biodiversity and guiding behavioral changes toward conservation. The results show that after the implementation of the NCPVR policy, (1) the public’s awareness of marine biodiversity and conservation consciousness improved. The proportion of respondents who identified biodiversity as closely related to their lives and believed that the loss of marine biodiversity would seriously affect their welfare more than doubled. (2) Analysis of preference structure and WTP revealed that the number of public preferences for marine biodiversity conservation increased from two (marine plants and shallow-water swimming animals) to five (marine plants, marine plankton, intertidal and benthic organisms, shallow-water swimming animals, and seabirds). The marginal willingness to pay for seabirds, intertidal and benthic organisms, marine plankton, and shallow-water animals increased to varying degrees, with increases ranging from 64% to 205%, reflecting the public’s willingness to take more proactive actions to protect marine biodiversity.

Previous studies have shown that policies can influence public awareness through information dissemination, thereby affecting public preferences for environmental protection (Wang et al., 2024). Rambonilaza and Brahic (2016) noted that when people receive information about ecological changes, only those who are familiar with the concept of biodiversity, are aware of the issues involved, and regularly use biological resources tend to assign greater value to biodiversity. In other words, as public awareness of marine biodiversity increases, individuals exhibit heightened sensitivity to survey questions, placing greater emphasis on the conservation of marine biodiversity and resulting in greater WTP. This perspective aligns to a certain extent with the findings of this research. Moreover, the respondents were more willing to pay for marine organisms with which they were more familiar, such as economic species such as fish, shrimp, crabs, and shellfish, which are shallow-water swimming organisms and intertidal and benthic organisms. This study demonstrates the long-term instability of preferences and highlights the role of policy institutions in preference changes, which is consistent with the findings of Perni et al. (2020).

>The survey results on the public’s willingness to protect marine biodiversity in Jiaozhou Bay also revealed similar trends. Compared to 2017, there was more than double the number of respondents who recognized the relevance of biodiversity to daily life and those who believed that the loss of biodiversity severely affected welfare in 2023. Nearly all respondents believed that the NCPVR policy encouraged them to adopt more environmentally friendly production and consumption behaviors.

When asked about recommendations for China’s NCPVR policy refinement, some respondents suggested that the policy should not be limited to slogan promotion. The government is expected to provide more specific arrangements for value realization, including providing cash or gift rewards to biodiversity protectors, clarifying natural resource property rights to make the perpetrators pay for environmental damage costs, and allowing private capital to restore wetlands, such as by building privately operated parks. Although the NCPVR policy conveys information about the importance and value of biodiversity conservation, the key issue for future policy optimization is how to design effective paths and institutional guarantees for value realization to encourage the public’s long-term sustainable marine biodiversity protection behavior.

Stated preference methods were employed to investigate the public’s willingness to pay for marine biodiversity conservation, thereby revealing the value of marine biodiversity and serving as a basis for policy evaluation and design. However, over 50 valuation methods have been developed globally in these days, based on various disciplines and knowledge systems, and applicable for assessing the value of natural elements (IPBES, 2019, 2022a, b). For instance, stated preference valuation directly asks individuals to express their values; revealed preference valuation determines how people value nature by observing their behaviors and practices; and composite valuation aggregates various types of value assessed using different information sources. Each method relies on distinct data sources, varying levels and forms of social participation, and identifies different value types, while possessing specific technical and skill requirements and limitations. Therefore, future research may utilize alternative methods or a combination of multiple valuation approaches to assess different stakeholders’ valuations of marine biodiversity, providing a more comprehensive and scientifically robust theoretical foundation for the design of marine biodiversity conservation policies.

Additionally, Jiaozhou Bay in Qingdao was chosen as the study area, with the survey sample primarily consisting of individuals with high educational backgrounds. Future research should expand the geographical scope and demographic characteristics of the respondents to obtain a more comprehensive assessment.




6 Policy implications

Biodiversity is essential for ecological security and human well-being, forming the foundation of economic and social development. Protecting biodiversity is a crucial prerequisite for achieving sustainable development. Currently, the world is facing severe challenges, such as accelerated biodiversity loss and ecosystem degradation. To achieve the harmonious development of economic growth, social progress, and the ecological environment, governments are responsible for implementing policies and measures to protect and maintain biodiversity. Nature’s contributions to people value realization policy in China has created a favorable atmosphere for various stakeholders to participate in biodiversity protection, enhancing the public’s ideological and action awareness of protecting marine biodiversity. In the future, decision-makers should continue to enhance the dissemination of information on the value of marine biodiversity and related policy pathways and enhance the public’s understanding of the relationship between biodiversity value realization and well-being improvement, thereby stimulating the public’s intrinsic motivation to protect marine biodiversity and providing actionable conservation plans. The specific policy implications are as follows:

	(1) Promote widespread education on marine biodiversity to shift values from short-term, individual material interests to long-term sustainable perspectives. Recognizing the interdependence of humans and nature is essential, as worldviews and knowledge systems shape attitudes and behaviors toward the environment (Parks and Guay, 2009; Manfredo et al., 2016; Yang et al., 2022). Expanding the dissemination of information about marine biodiversity, especially concerning lesser-known organisms like plankton, marine plants, and endangered species, is crucial. Highlighting their ecological functions, contributions to human welfare, and conservation status will enhance public understanding. Large-scale citizen science initiatives in coastal areas, parks, and schools can significantly improve awareness of biodiversity’s importance for daily life, economic development, and ecological balance.

	(2) Continue to assess the value of marine biodiversity using a combination of valuation methods to evaluate diverse value types, balancing short-term economic benefits with long-term ecological and social values. Scientific valuation outcomes can enhance public awareness of marine biodiversity’s significance and provide a robust foundation for decision-makers, fostering a win-win scenario for economic growth and environmental protection. Over 50 valuation methods from various disciplines are available to assess nature’s value, each with distinct data sources, levels of social participation, and technical requirements (Haab and Mcconnell, 2002; Champ et al., 2017; IPBES, 2022b). Future efforts should focus on strengthening the capacity for comprehensive assessments, gathering baseline data, identifying stakeholders, and establishing systematic evaluation processes. Evaluating the relevance, robustness, and feasibility of different methods is essential (Rakotonarivo et al., 2016; Bishop and Boyle, 2017; IPBES, 2022a, b). Providing scientifically comprehensive biodiversity valuation results will enhance the quality and legitimacy of information to support informed decision-making and guide conservation policy design.

	(3) Integrate political, economic, and social elements to establish mechanisms that incentivize marine biodiversity protectors while requiring payment from demanders or destroyers, thereby motivating or constraining behaviors for the long-term sustainability of marine biodiversity conservation. Current economic and political decisions are often criticized for prioritizing narrow market values at the expense of non-market values (Lathuillière et al., 2017; IPBES, 2022a, b). Policies aimed at realizing values of NCP must raise public awareness of the non-market value of natural resources and utilize a combination of government and market tools to promote these values (Gómez-Baggethun and Martín-López, 2015; Albaladejo-García et al., 2023; Pascual et al., 2023). This approach is essential to ensure that ecosystems maintain their capacity to provide services and products sustainably. The efficacy of NCPVR policies in enhancing public awareness of marine biodiversity conservation has been demonstrated. Future biodiversity conservation policies should be developed based on a comprehensive assessment of both market and non-market values, integrating economic incentives, rights, and legal frameworks with public preferences and values (Díaz et al., 2015; IPBES, 2022a, b). Furthermore, embedding valuation into various stages of the decision-making process will facilitate policy reforms that effectively address the global biodiversity crisis.
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Footnotes

1“Nature’s contributions to people (NCP; Díaz et al., 2015, 2018; IPBES, 2019; Schröter et al., 2020)” also called “ecological/ecosystem products” in Chinese studies. The objective of the Nature’s contributions to people value realization (NCPVR) policy in China is to establish an incentive or regulatory mechanism whereby providers or conservers of nature receive benefits, while users or those responsible for ecological degradation are required to bear the associated costs. NCPVR aims to incentivize or constrain behaviors, thereby ensuring the sustained and stable capacity of ecosystems to deliver goods and services without degradation.

2“Ecological civilization construction” is an important component of upholding and improving socialism with Chinese characteristics, aiming at to create a society where ecological principles guide policies and practices, fostering a sustainable future while addressing challenges like climate change and urbanization.
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