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Abstract

:

Cultural ecosystem services (CES) of urban wetland parks (UWPs) can be priced according to monetary values. Urban green and blue spaces (UGS and UBS, respectively) provide stands of nature in UWPs, wherein visitors’ emotions related to the enjoyment of CES values can be assessed through analyzing the facial expressions of visitors. In this study, a total of 98 UWPs were selected as study stands in Jiangxi, where a total of 1749 photographs showing facial expressions were obtained from Sina Weibo for local visitors experiencing UGS and UBS in 2021. The CES of UBS were evaluated at a widely used price of USD 881 ha−1 yr−1, and those of UGS were evaluated at USD 1583 ha−1 yr−1. The averaged CES values were estimated to be USD 941.26 and 39.54 thousand yr−1 for UGS and UBS per UWP in Jiangxi, respectively. The large number of UGS in an UWP had no relationship with the examined facial expressions; however, areas of UBS and, accordingly, the CES values therein, can both be perceived and exposed as positive emotions. CES in UBS only accounted for lower than 5% of that in a UWP, whereas those in UGS together explained over 95%. Overall, people smiled more when perceiving the values of services in UBS of UWPs than when experiencing UGS.
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1. Introduction


1.1. Ecosystem Service in Wetland


Wetlands are land areas that are saturated or flooded with water permanently or seasonally [1]. Wetlands comprise a variety of natural habitat types which can be found inland (marshes, ponds, lakes, fens, rivers, floodplains, and swamps) and in coastal regions (saltwater marshes, estuaries, mangroves, lagoons, and coral reefs), as well as man-made waters (fishponds, rice paddies, and saltpans). Wetlands have ecosystem services in environmental mediation (flood mitigation, climate control, pollution prevention, soil-erosion prevention, biodiversity maintenance, and bio-productivity protection) [2] and wellbeing promotion [3]. The full utilization of ecosystem services is a way for policy making to preserve wetland resources [4,5]. However, the diversity of ecosystem services hinders the activation of wetland functions that highly vary in lakes [2], coasts [6], and croplands [7]. Global wetlands are experiencing a general ecosystem degradation in regions subjected to combined urbanization and climate change [8,9]. The proactive construction of urban wetland parks (UWPs) is an implemented approach to mitigate ecological degradation in natural wetlands and declines in ecosystem services [10,11]. The budget for newly constructed UWPs cannot be excludable from projects that are planned to strengthen wetland services [12,13]. Theoretical evidence needs to be documented to confirm the dose-based enjoyment by stakeholders of UWPs.




1.2. Cultural Ecosystem Service in Wetland


Wetlands can provide not only provision services but also cultural ecosystem services (CES). The Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES) published an acceptance of CES definition as nonmaterial benefits people obtain from ecosystems through spiritual enrichment, cognitive development, reflection, recreation, and aesthetic experience [14]. Costanza et al., defined CES as opportunities for non-commercial uses in “aesthetic, artistic, educational, spiritual, and/or scientific values of ecosystems” [15]. Taye et al., summarized CES, including “non-extractive recreation, information and knowledge, spiritual and symbolic, and non-use values” [16]. Wetland CES vary in response to environmental change [3], public support [17], and place-based individual appraisal [18]. Overall, one can define wetland CES as non-commercial uses of green and blue spaces (GBSs) for perceptions of aesthetic, artistic, educational, recreational, and therapeutic functions that can promote well-being.



Wetland CES are perceived by people during visiting experiences in urban green and blue spaces (UGBs). The wish to perceive positive emotions provides a strong motivation to visit a UWP and enjoy its CES [19]. The perceptions of wetland CES can be accounted for by a widely recognized hypothesis that time spent in nature can be good for human health and well-being [20]. As an endorsement of this hypothesis, the stress recovery theory (SRT) asserts that exposure to nature would benefit stress reduction and involve a shift towards a more positively toned emotional state [21]. The attention recovery theory (ART) also declares that exposure to nature can strengthen mental concentration and restoration [22,23]. Evidence-based observations confirm that people can gain perceived improvements in psychological and psychological well-being in urban green space (UGS) [24,25,26,27]. An experience in urban blue space (UBS) was also identified to bring mental benefits [28]. Remote sensing findings revealed that the largeness in either the UGS or UBS of wetlands has a positive relationship with perceptions of positive emotions; however, elevation reinforces a negative impact [29]. Regional microclimates can account for the presentation of positive emotions by UWP visitors [30]. The location in a city and plant biodiversity in UGBs plays an important role in eliciting positive emotions [31,32]. These results together suggest that CES in UGB have apparent economic values that can be perceived by visitors as a hint to evoke and expose emotions.




1.3. Economic Evaluation of Cultural Ecosystem Service in Wetland


Ecosystem services can be evaluated to price according to the extent of needs by human beings. However, their values are not comparable with capitals in economic services and manufactured production [15]. This is because material service values are easily identified; however, ecosystem services are non-material products whose values cannot be directly recognized by people. This does not disagree with the fact that the values of ecosystem services are a useful reference for policy making to guide societal resource allocation [33]. A large contribution has been made to the economic valuation of wetland ecosystem services, which have all been used to gauge the dose of ecological degradation and the budget for ecological protection [6,34]. The value of wetland CES can be estimated as the sum totaling values of functions in aesthetic, artistic, educational, recreational, and therapeutic services [14,35]. It was also suggested that wetland CES can be quantified by monetary values equalized to alike services at economic prices [36,37,38]. A non-monetary method was put forth to meter the magnitude by self-reported place-specific appraisals of participants [39,40]. A recent method employed an integrated valuation of CES based on geographical data and field sampling observations [3,41]. Based on remote evaluation, the monetary values of CES can be mapped to draw spatial distribution in regional wetlands.




1.4. Literature Review and Speculation about Perception of Cultural Ecosystem Service Value in Wetland


The current knowledge about perceived values of ecosystem services in wetlands was mainly obtained through self-reported data collected from surveys. For example, interview surveys have been reported to be conducted in the Usumacinta floodplain, Southern Mexico [42], Persina Nature Park in Bulgaria [17], Aogu Coastal Wetland [43], and Purbasthali Wetland, West Bengal [44]. Furthermore, perceptions of values in wetland CES were also quantified through analyzing self-reported scores in surveys [45,46]. This methodology was queried by the World Health Organization (WHO)—that reported data can seldomly be 100% reliable [47]. The accuracy to retain intended meanings may also be disturbed by fatigue or societal manner [23]. Inputs of labor and time spent for collecting questionnaires generate solid uncertainties in spatiotemporal evenness of data [48]. The biggest drawback to using self-reported data is that rare questionnaires have been fully validated to test their matching accuracy of the intended meaning of subjects [49]. Regarding how CES values are mostly estimated with inevitable technical errors when being analyzed at a spatiotemporal scale, absolute uncertainties in survey data further strengthen these uncertainties. It is necessary to develop a new and more reliable approach for data collection to quantify perceptional values to a higher and more precise extent.



A perception is an indirect reflection as the resulting conception of according emotions [50]. Evidence is being accumulated to demonstrate that people’s perceptions toward experiences in UGSs can be assessed by expressed emotions [51,52,53]. Facial expressions are a direct reflection of exposed emotions on faces of people who are aware of experiences of the nature [54,55]. This activates a new methodology that has the precision to detect subtle changes in facial emotions, even when unconscious [56,57,58]. Those who enjoy nature have a general habit of posting photos that show their faces, with subjective intentions to expose emotions and share photos with others through online social network services (SNSs) [59,60]. Facial expressions of online SNS photos were used to quantify perceptions toward the enjoyment of ecosystem services in UGSs [31,52,59,60]. Facial photos were also used to decode perceptional emotions exposed in GBSs of UWPs with varied conditions for microclimate [30] and landscape [29,61]. As biodiversity in nature is the source that people can perceive about their ecosystem services [48,49], it has been determined that this perception can be assessed through facial expressions [32]. Facial expressions can be taken as a novel and reliable approach to assess perceptions about wetland CES value.




1.5. Aim, Objective, and Originality of This Study


In this study, UWPs were taken as study stands in Jiangxi province of China. CES were evaluated in wetland GBSs, where visitors’ facial expressions were assessed using photos collected from a SNS platform. We aimed to establish the dose-dependent CES values that evoked perceptions through assessments of facial expression scores. Our objective was to evaluate economic values of CES for GBSs in UWPs of Jiangxi and, subsequently, to detect the possible combination of CES values that can be perceived through exposed emotions by visitors. As mentioned previously, our study has an apparent uniqueness in quantifying the perceived values of CES using facial expression scores, which is more precise and reliable than conventional methodology using data collected from surveys. We hypothesized that values of CES in both green and blue spaces can be perceived as comparable effects on exposed emotions by wetland visitors.





2. Materials and Methods


2.1. Study Area and Sites


In this study, Jiangxi province was selected as the study area, where a total of 98 UWPs are mapped across the administrative regions of nine cities (Figure 1). Their names and locations are presented in Table S1. Jiangxi is located in South China, which is subjected to a subtropical monsoon climate with distinguished seasons and heterogeneous meteorological conditions [62]. Jiangxi has a total population of ~45 million distributed in 11 cities and 100 prefectures in a total terrestrial area of 16.69 million ha. A proportion of 97.7% of the whole area in Jiangxi belongs to the Yangtze River basin; hence, the fresh-water resource has a total length of 18.4 thousand kilometers. Jiangxi has a large watershed of the Gan River running through the largest fresh-water lake of China, called Poyang.



UWPs were chosen as study sites according to the following requirements.



Firstly, a chosen UWP had to attract at least 15 people for visits in 2021 who would then post photos showing their faces, with visible expressions. To attract people with such photos is a necessary precondition to recognize their facial expressions and to detect driving effects from landscape and economic valuation.



Secondly, UWPs had to comprise GBSs along or near watersheds. Although coastal UWPs refer to UBS in marine ecosystems [6,63], inland wetlands can also be a combined landscape constructed with GBSs [30,31]. Absences of green or blue spaces in wetlands will result in failure to value their CESs.



Finally, the pool of UWPs had to be projected to a geographical range that covered all administrative regions of cities in Jiangxi. This was required to avoid any bias in the results, which were shaped by some regionally concentrated groups.




2.2. Remote Evaluation of UGB Areas


Landscape metrics were assessed according to GBS areas in UWPs using the ArcGIS software (v10.2) (Eris China, Shanghai, China). We focused on the horizonal planes of green- or blue-colored patches and their embedded regions in UWPs. A total of nine Landsat 8 satellite imageries (30 m resolution) were used as the sources for landscape evaluation. Landsat imageries have been widely used to assess ecosystem services in wetland ecosystems [41]. The green space area was calculated as the largeness (the product of number of grids timing averaged area of every grid) of normalized difference vegetation index (NDVI) by an equation as follows:


  NDVI =    band    5 −  band    4    band    5 +  band    4    



(1)




where band 4 and band 5 are reflections of the wavelengths in red light and near-infrared ray, respectively. The blue space area was calculated as the largeness of normalized difference water index (NDWI) by an equation used for water-enriched cities [64]:


  NDWI =    band    3 − SWI 1    band    3 + SWI 1    



(2)




where band 3 is the reflection of green light wavelength; SWI1 refers to an abbreviation of short-wave infrared 1 (1.57–1.65 µm) in band 6 [65]. This calculation of NDWI was used to assess regions of water bodies in Nanchang, which is the capital city of Jiangxi province [55]. Thus, we agree that the equation (2) is suitable for the valuation of UBS in UWPs of a city with enriched waters. The UWP area was framed according to outlines with references in the Baidu map [66]. UWPs were all built by municipal budgets which comprised more types of patches than just GBSs.




2.3. Economic Evaluation of Cultural Ecosystem Service


In this study, CES in UBS were valuated to be USD 881 ha−1 yr−1, which was given at a price by Costanza et al. [15]. The value of UBS in a piece of landscape patch was calculated as the product of area and price. The price was adapted from widely cited studies [67,68]. Costanza et al. [15] evaluated CES in forests to be an average of USD 2 ha−1 yr−1; their results were much lower than those (USD ~1583 ha−1 yr−1) reported by Taye et al. [16], who put forth the price of CES in UGS by summarizing references across a broad range of data sources (n = 758). Therein, UGS were referred to as forested lands that can provide CES in non-extractive recreation, information and knowledge, spiritual and symbolic heritage, and non-use values [16]. We adapted this definition for CES in forests and employed its CES value [31,32,69,70].



Previous studies found that areas of UGBs had proportional contributions to perceptions of people exposed to experiences in an UWP [31,71]. Therefore, we need more equations to assess relative contributions of values in CES of UGBs attached to their areas. Additional economic values were calculated as well:


  BAGA =     BlueA        GreenA       



(3)






  BVGV =     BlueV        GreenV       



(4)






  ParkVpA =     ParkV        ParkA       



(5)






  GreenVpA =     GreenV        ParkA       



(6)






  BlueVpA =     BlueV        ParkA       



(7)




where BAGA is the ratio of UBS area to UGS; BlueA, GreenA, and ParkA are areas of UBS, UGS, and UWP, respectively; BVGV is the ratio of CES values of UBS to that of UGS; ParkVpA, GreenVpA, and BlueVpA are the CES for a UWP, UGS, and UBS therein per area of the host UWP, respectively; BlueV, GreenV, and ParkV are CES values for UBS, UGS, and the host UWP, respectively.




2.4. Facial Photo Collection and Analysis


The use of facial photos from human subjects was reviewed by the ethics board committee and approved with reference code ES-ERC-2021-005 on 9 November 2021. All photos were obtained from open Twitter accounts in Sina Weibo, which had been signed by uploaders with immediate awareness about the policy of openness to public. We adhered to the ethical guidelines to protect the privacy of subjects without any release of our results on facial expressions. Facial photos were collected from targeted places containing UWPs in 2021. The collection of photos was during the time of the COVID-19 pandemic; however, in 2021, the number of newly infected people largely reduced compared with previous numbers. Sina Weibo was employed as the source of facial photos, as it was repeatedly used in previous studies [61,72]. It is a local edition of ‘Twitter’ in China. It is also the largest SNS platform which can attract a large number of social interactions through segments, photos, voices, and notes. People generally posed their facial expressions to expose their intended emotions on their faces and posted the pictures to Sina Weibo.



The photos obtained were first screened for their availability to be further analyzed. Any photo that was used had to contain a face occupying at least 60% of whole area, with all features clearly exposed [30]. This was necessary to match the required accuracy of perceived emotions through face reading from intended sentiments recognized by artificial face reading [58,73]. To ensure the recognition accuracy, photos were rotated to make the nose axis strictly vertical to the horizontal line and cropped to leave only one person’s face in a photo [29,53]. A total of 1749 photos were obtained and screened to meet the required standards. Treated photos were stored on a hard disk and sent to be analyzed for facial expression rates. FireFACE ver. 1.0 software was used to recognize facial expressions and rate scores for exposed happy, sad, and neutral emotions [54,58]. FireFACE employs facial analysis through an online service system instead of the purchase of any off-line copy. Photos need to be prepared under the guidance suggested in this study and sent to the owner of FireFACE. Facial expressions will be analyzed and rated for emotional scores by an order of paid services. The operational panel and process of analysis were shown by Wei et al. [58]. This instrument has been validated to have a reliable accuracy to recognize basic emotions [57,73]. The neutral face was analyzed because the indifferent emotion reflects an indifferent emotion, which accounts for the largest number of emotional counts as a subtle sentiment [56,61]. More details about the coding and training of FireFACE software can be found in former studies [52,54].



A new meter of net positive emotion index (NPE) was calculated for assessing positive emotions without components of exposed sorrow [55,61]:


  NPE = HappyS − SadS  



(8)




where HappyS is the score of happy emotion exposed on a face and SadS is that of exposed sadness. NPE was calculated for every photo in all UWPs.




2.5. Mapping and Statistical Analysis


To describe the spatial distributions, landscape metrics (GreenA, BlueA, ParkA), CES values (GreenV, BlueV, and ParkV), and emotional scores (happy, sad, neutral, NPE) were mapped in an area of administrative regions where objective UWPs were located evenly along the Gan River (Figure 1). Our chosen UWPs were constructed near branches of watersheds of the Gan River, which was used to outline the geographical range of the study area. The layer boundaries were cropped in ArcGIS to leave objective study area concentrated in the network of waters. Spatial interpolation was used to extend the observed data to all areas; the spatial distribution can reveal gradient changes in every mapped parameter with spatial heterogenies.



The data from landscape metrics and their CES values followed normal distributions. However, facial expression scores failed to pass the normality test, and raw data were analyzed by one-way analysis of variance (ANOVA) to detect differences in facial emotion scores among UWPs. When significant effects were indicated among different locations, the results were averaged and compared by Duncan test to detect specific difference of scores between pairs of parks [32,53]. Spearman’s correlation was used to detect the raw data relationship between landscape parameters (areas and CES values) and facial expression scores. This reveals the perceptions of people toward experiences in UGBs and CES value in UWPs. Facial expression scores were ranked to make a distribution-free data pool [74], and were subjected to multivariate linear regression models to detect their responses to joint effects of landscape metrics and values [51,52].





3. Results


3.1. Description of Data


Urban wetland visitors generally showed more smiles than sadness, because happiness was rated to be ~34% in a range of 0.44%–99.37%, whereas sadness was only ~12% (Table 1). A neutral emotion, however, showed an even higher rate of 54% (0.48%–90.97%). The variation in the neutral score had a lower coefficient of variance (CV) than happy and sad scores. In any case, the overall scores across all types of emotions were presented as a positive sentiment according to the averages taken from NPE (22.65%).



In UWPs, UGS generally had a larger area (8.94 km2) than UGS (0.69 km2). Their sum was almost equalized to that of the whole part area; however, the area of blue and green spaces was a little smaller than that of a park.



In accordance with the changes in landscape metrics, GreenV was about 30 times higher than that in BlueV, and both were summed to be about the value of an UWP.




3.2. Distribution of Landscape Metrics


The UGS area (GreenA) was generally as low as about 0.05 km2 per park in most regions of the study area (Figure 2A). However, two regions showed relatively higher areas of UGS. The larger one was in the northern part of the study area, covering a range from western Nanchang to eastern Jiujiang. The smaller one was located in western Ji’an (Figure 1 and Figure 2A). UGS area (BlueA) was generally larger in the central part of the study area than in other regions. That is, UWPs in Xinyu, southern Yichun, and northern and western regions of Ji’an all showed larger BlueA areas (Figure 2B). The distribution of the park area (ParkA) was nearly the same as that of GreenA (Figure 2C). That is, the larger ParkA was mainly concentrated in the northern part of the study area across regions of Nanchang and eastern Jiujiang. In addition, regions of western Ji’an also showed a larger area for ParkA.




3.3. Distributions of CES Values


CES of UGS (GreenV) were evaluated to be higher in the northern part of study area around western Nanchang and northern Jiujiang (Figure 1 and Figure 3A). GreenV was also higher in UGS of western Ji’an. CES of UBS (BlueV) were higher in the central part of the study area containing southern Yichun and most regions in Xinyu (Figure 3B). UBS in some of other scattered places were also evaluated to have higher areas of BlueV, including western regions in Ji’an and central parts of Nanchang. The CES value in UWPs (ParkV) was higher in a northern area across western Nanchang and northern Jiujiang (Figure 3C). In addition, ParkV was also higher in regions of western Ji’an. Specific CES values for each UWP are shown in Table S2.




3.4. Distribution of Facial Expression Scores


The happiness score was higher in extremely northern and southern parts of the study area (Figure 4). In the north, high happiness scores were mainly distributed in Jiujiang, whereas high happiness scores were found in southern Ganzhou (Figure 1 and Figure 4A). In contrast, the sadness score was lower in UWPs with high happiness scores, but higher in the southern part of the study area across Ji’an and Ganzhou (Figure 4B). Neutral scores showed a similar distribution pattern as sad scores, with higher scores found in the eastern part of Jingdezhen and Shangrao (Figure 4C). NPE was distributed following the same distribution pattern of happiness scores (Figure 4D).




3.5. Relationship between Landscape CES and Facial Expressions


According to Table 2, GreenA did not show any relationship with facial expression scores. In contrast, BlueA showed positive relationships with happiness scores and NPE; meanwhile, it showed negative relationships with sad and neutral scores. As a result, the relationship between BAGA and facial expression scores in accordance with these findings was briefly described as a positive relationship with happiness scores and a negative relationship with sad and neutral scores. In addition, ParkA also showed a negative relationship with neutral emotion scores.score, and, in contrast, positive relationships with happy score and NPE.



Again, CES values of GreenA (GreenV) showed no relationship with any emotional scores (Table 2). BlueV showed positive relationships with happy score and NPE, while it had negative relationships with sad and neutral scores. BVGV showed contrastingly positive and negative relationships with happy and sad scores, respectively. The level of GreenV per park area (GreenVpA) showed a uniquely positive relationship with the sad score; the level of BlueV per park area (BlueVpA) had a negative relationship with sad 3.6. Associations of Landscape and CES Values with Facial Expressions



Landscape metrics were found to show no associations with ranked facial expression scores (Table 3). Values of CES in UBS generally showed positive associations with positive emotional scores. The ranked happiness score (RHappy) regressed positively against joint ParkV and BlueVpA scores, and the latter factor showed a higher coefficient of parameter estimate (0.7203) than the former (0.0012). In addition, the ranked sad score (RSad) was regressed negatively against BlueVpA, which was estimated to drive an even stronger force to cope with the presentation of sadness (parameter estimate: −1.0633). Finally, ranked NPE (RNPE) was regressed positively against BlueVpA as a stronger driver (0.8478) than the regression of RHappy.





4. Discussion


4.1. CES Values of the Nature in UWPs


In this study, CES values in UWPs were calculated by the product of the landscape patch area and the price as published by Costanza et al. [15]. It was indicated to be a synthesis of prices in aesthetic, artistic, educational, spiritual, and scientific values [35], which are all mental stimulators that can be perceived as an activation to pay a visit in an UWP. The ecosystem service price that we employed has been cited 10888 times in Web of Science and 29020 times in Google Scholar up to 17 November 2022. Therefore, it is the most widely accepted definition for CES values in wetlands, which concurs with a recent case study conducted in Xinhu wetland park and Guangyintang National Wetland Park [3]. To concur with the evaluation of CES in UBS, values of CES in UGS were adapted from a definition that was suggested by Taye et al. [16]. It was USD 1583 ha−1 yr−1 across values in “non-extractive recreation”, “information and knowledge”, and “spiritual and symbolic” services. However, the value for CES in UGS should also contain a commercial evaluation of USD 1438 ha−1 yr−1 from “non-use values”. We did not add this value to the total of our adapted CES values because the function to provide this value was understood to have an implicit meaning and parts of its relevant functions were suspected to overlap the other parts of values for other types of services. To our knowledge, there is no clear evidence to reveal the explicit services of this function in forest ecosystems [75]. This function was also irrelevant from CES in UGS [3,15]. The comparison between values of UES in UGS and UBS will lose its logistic meaning because the value of UES may be overestimated if the price of “non-use values” is involved.



The value of UES in UWPs of our study was calculated to be about USD 40 thousand yr−1. This value was calculated based on the product of landscape patch area and CES price of USD 881 ha−1 yr−1 [15]. This was equalized to be about 478% of the value in agricultural wetlands in low income countries and 33% of that in high income countries [7]. Our assessed values of ecosystem functions provide a reference for policy making during the process of planning UBS in UWPs. Our CES values can be comparable with a few findings in other studies. For example, Pan et al., reported a distribution pattern of values in lake-wetland CES at highland of Yunnan-Guizhou Plateau of China [68]. Therein, the value was disclosed as categorical indexes instead of monetary numerics [68]. More studies are needed to quantify the monetary values of CES in wetlands to provide more direct evidence for resource planning.



The CES value in UGS was evaluated to be about USD 0.94 million yr−1, which accounted for over 95% of the total CES value in UWPs. Therefore, CES value in UGS was higher by about 22 times than that in UBS. However, our CES value in UGS was still lower than that estimated in other studies. For example, our CES in UGS was lower by 44% compared with the value (~RMB 234.834 million yr−1 from 2000 to 2020) reported in forested lands of Zhejiang province, China [76]. Our value was also lower by 77% than that reported for CES services in the Warddeken Indigenous Protected Area (~USD 29 million yr−1) [77]. The lower value of UGS in our study resulted from at least three reasons. Firstly, our UGS were derived from wetland landscape instead of forest landscape, which would reduce proportion of UBS service in CES components. According to Zhou et al., CES comprised biodiversity perceptions which were unlikely to be higher in water than on forested lands unless swimming to experience an aquatic ecosystem [3]. Secondly, we estimated CES value at the price of the US dollar in 1994 [15]; however, the monetary value has definitely changed in recent years when the CES value was increased accordingly [77]. Finally, the area of UGS was smaller per UWP of Jiangxi than in montane areas per forest park of other places. Overall, evidence for the estimation of CES values in UWPs is still insufficient.




4.2. Spatial Distribution of CES Values in UWPs


We quantified monetary values of CES using prices given at different years, namely 1997 [15] and 2021 [16]. The variation in years will result in a change in monetary values due to continuous inflation. However, this does not affect our results because we did not compare CES values across different years. Instead, the monetary values were compared among different places. The root of the difference in monetary values resulted from different areas of UGS and UBS in UWPs.



As our CES values were estimated by the area of a UWP and its price of functional service, the distribution of CES values in UGS and UBS followed the same patterns of their areas. In more detail, UWPs in northern Jiujiang, central Nanchang, and western Ji’an were estimated to have higher CES values in UGS than adjacent places because of large areas of greened lands. UWPs in these three locations were also estimated to have higher CES values than in other UBSs. These places also attracted visitors who exposed higher scores of positive emotions. CES values in UWPs were not just the sum of values in UGS and UBS, because parks had larger areas of lands free of nature. Large areas from Nanchang to northern Jiujiang and the area around western Ji’an were estimated to have higher CES values in UWPs. These results were not in agreement with the findings of Xie et al. [78]. Ganzhou used to be estimated to have the highest CES value in previous studies; however, its value was estimated to be nearly the lowest in our study. Nanchang and Jiujiang were estimated to have moderate to low levels of CES values among all cities of Jiangxi. These differences resulted from various sources of data for evaluating products. Prices of ecosystem services were derived from yearbooks for different types of lands (farm, forests, water, etc.) [78], which was not as reliable as the employment of the result synthesized from empirical data globally.




4.3. Perceptions of Exposed Facial Expressions toward CES Values


In this study, we collected 1749 photos as the source of data on facial expressions from 98 UWPs in Jiangxi province. These resulted in about 18 photos per park, which also means 18 replicates of data on emotional perceptions toward the CES value of the park. Thus, our park-level pools of data were not powerful compared with some regional studies in a provincial range [54,55,59,60]. However, the power of our data-pool was a reasonable level for a quality study. This is because approximately 20 people were frequently employed in studies testing the effect of experiencing nature on individuals’ mental and psychological perceptions [25,58,79,80,81]. All our data were collected from cities at a provincial scale, which is comparable with the power of the data in studies where the total number of photos is clearly larger than ours [31,32]. In regional studies on facial expressions of people visiting urban parks, the provincial-level data were also reported to be from fewer than 20 people per park [71,72]. Therefore, we admit that the power of our data pool can be improved in another study with more photos documented; however, the current pool of our data in this study remains powerful enough.



We observed happiness scores of about 60% for most UWPs in Jiangxi, and regional places in Jiujiang and Ganzhou showed happiness scores as high as 90%. Our data were collected over a year-long term and were similar to those reported in UWPs of cities in Central China at winter time [82]. In summer, UWPs of Central China showed happiness scores which were lower by 20% compared with those in our study. In East China, visitors of UWPs also showed lower happiness scores across four seasons of the year [30]. In contrast, the sad score in UWPs of our study (up to ~29%) was much lower than that in previous studies (up to ~50%) [30,82]. Therefore, we can assert that people in UWPs of Jiangxi looked more happier than others visiting the central and eastern parts of China. We surmise that regional climate accounted for the high happiness scores in our study. In detail, temperature, rainfall, and velocity in UWPs were found to have positive contributions to evoke positive emotions in people, whereas air humidity imposes a negative force [30]. Jiangxi is in a subtropical climate with a warmer temperature than central and eastern parts of China. The regional climate along the Gan River can be characterized by enriched rainfall and frequent monsoons. These may all be the factors that can elicit the perception of happiness.



Although UGS accounted for over 95% of UWP area, either their areas or their CES values can be perceived by visitors and reflected in their facial expressions. Our results disagreed with those that repeatedly demonstrated the existence of perceptions toward experiences in UGS with results identifying effects indicated by ART and SRT [83,84]. This type of study usually drew results from questionnaires in scattered local forest parks. The knowledge was challenged by results demonstrating null perceptions of people in UGS both at local [57] and regional/provincial scales [59]. UGS in UWPs of East China were also found to be a failure of expected stimulation [30]. It was hypothesized that UGS may evoke perceptions of people as potential driving effects instead of direct impacts [30,59]. Our results agreed with the findings of Li et al. [30]—that the perceptions of experiences in UWPs were accounted for by time spent in the interaction with aquatic settings but not with green lands. Both the area and CES value in UBS can be perceived by people and expressed as positive emotions. The CES value in UBS per UWP area was also perceived as a driver to elicit positive emotions, whereas that in UGS may just evoke negative emotions. It is not the first time for our study to discover positive effects from experiencing UBS on exposed facial expressions in UWPs [61]. According to components of CES in wetlands, people may perceive more benefits in aesthetic, recreational, and spiritual values during the time in UBS than in UGS [29,72]. In our results, joint findings of CES values in UWPs and UBS per park with a higher coefficient for the latter parameter together suggest that people perceive positive emotions toward the experiences when they can enjoy CES beside waters when CES from experiences in co-existed forests cannot be perceived. This positive effect of CES can be strengthened in larger areas of UBS, which accounted for more enjoyment as a result of a larger UWP, even if this greater largeness looks like more enriched greened lands.




4.4. Limits of This Study


Firstly, the most concerned limit may come from the use of exposed facial expressions as a data source to assess posted emotions towards CES values. One may argue that exposed facial expressions are not as reliable at reflecting intended emotions as those on spontaneous faces [56,57]. The conscious presentation of emotions will amplify the rate of smiles, because people have a general habit of smiling in front of the camera. Evidence is being accumulated to reveal that open facial expressions can be reliable for a study conducted at a large geographical scale [31,32,59]. Repeatedly collected data from one place, along with a high number of places per study, may appear to diminish the impact of the intended presentation of facial emotions. People can deliberately pose their faces to show the intended emotions to different extents when they are aware of the CES that they can enjoy in different locations. People who posted their photos to a SNS platform will rarely be informed that their emotional scores will be used in an academic study. Secondly, the price of ecosystem function can be more precise for wetlands in China if more references can be found about monetary values in CES of local ecosystems. Monetary values can be evaluated by field surveys, and more places of investigations will result in higher accuracies of prices at services. Finally, CES values for UWPs in this study were the sum of those for UGS and UBS. Facilities and utilities in parks can also evoke perceptions towards services from a combined nature-building landscape ecosystem. This type of study is even more scarce, and we cannot refer to findings with expected relevance. More work is needed to test CES in UWPs, preserves, and conservation areas.





5. Conclusions


Our study used remote sensing data to estimate averaged CES values as USD 941.26 and 39.54 thousand yr−1 for green and blue spaces per UWP in Jiangxi, respectively. The largeness of UGS in a UWP cannot be perceived by visitors through the observations of exposed facial expressions. However, the area of UBSs and their CES values can be psychological drivers to elicit positive emotions of people. The enjoyment of CES in UWPs of Jiangxi was determined by the perception of CES in UBSs, although their areas only accounted for lower than 5% of the total areas in host parks. Taking wetlands in Jiangxi as an example, high CES values that can be perceived by visitors were distributed in an area across eastern Jiujiang and Nanchang, plus a smaller area in western Ji’an. Overall, our study demonstrates that people can perceive values of CES in GBS of UWPs, but the CES values in UGSs cannot evoke openly positive emotions.



Further work is suggested to confirm our results using our proposed methodology in other types of cities. It would be valuable to repeat our study and confirm results in coastal cities where UGSs in wetland parks are constructed in marine ecosystems, which are very different from inland wetlands of this study. Secondly, the geographical range for data collection of this study can be extended to a larger scale where stronger conclusions can be drawn according to more reliable sets of data. Finally, it is necessary to synthesize current studies and put forth the prices for CES in wetlands. The prices used in this study were widely used globally but, after all, they were proposed according to older records.
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Figure 1. The geographical range of Jiangxi province in China and distributions of UWPs. 
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Figure 2. Spatial distributions of areas for urban green spaces (GreenA) (A), urban blue spaces (BlueA) (B), and UWPs (ParkA) (C) in Jiangxi. 
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Figure 3. Spatial distributions of cultural ecosystem services’ values for urban green spaces (GreenV) (A), urban blue spaces (BlueV) (B), and UWPs (ParkV) (C) in Jiangxi. 
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Figure 4. Spatial distributions of happy (A), sad (B), neutral (C), and net positive emotion index (NPE; happy score minus sad score) (D) in Jiangxi. 
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Table 1. Basic characteristics of data on facial expressions, landscape metrics, and ecosystem service values in green and blue spaces of UWPs.
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Parameters

	
Maximum

	
Minimum

	
Mean

	
SD 1

	
CV 2






	
Facial expression scores




	
Happy (%)

	
99.37

	
0.04

	
34.44

	
15.49

	
0.45




	
Sad (%)

	
29.00

	
0.16

	
11.79

	
5.27

	
0.45




	
Neutral (%)

	
90.97

	
0.48

	
53.77

	
13.47

	
0.25




	
NPE (%)

	
99.22

	
−17.62

	
22.65

	
18.82

	
0.83




	
Landscape metrics




	
Green space area (km2)

	
328.29

	
0.00

	
8.94

	
42.97

	
4.81




	
Blue space area (km2)

	
39.03

	
0.00

	
0.69

	
4.10

	
5.95




	
Park area (km2)

	
355.69

	
0.03

	
10.46

	
46.90

	
4.48




	
Ecosystem service value




	
GreenV 3 ($ yr−1 × 103)

	
34569.16

	
0.06

	
941.26

	
4524.25

	
4.81




	
BlueV 4 ($ yr−1 × 103)

	
2240.49

	
0.01

	
39.54

	
235.25

	
5.95




	
ParkV 5 ($ yr−1 × 103)

	
35169.81

	
0.11

	
980.80

	
4615.55

	
4.71








1 SD, standard deviation; 2 CV, coefficient of variance; 3 GreenV, value of cultural service in green space ecosystem; 4 BlueV, value of cultural service in blue space ecosystem; 5 ParkV, value of cultural service in ecosystems of green plus blue spaces in a park.
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Table 2. p values from Spearman correlations between facial expression scores (happy, sad, and neutral emotions plus NPE of happy minus sad scores) and landscape variables (area and ecosystem service value).
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Landscape Variables

	
Facial Expression Scores




	
Happy

	
Sad

	
Neutral

	
NPE






	
ParkA 1

	
0.1831

	
–0.0036

	
–0.22652

	
0.1417




	
GreenA 3

	
0.0671

	
0.1313

	
–0.1443

	
–0.0002




	
BlueA 4

	
0.2957

	
–0.2552

	
–0.2754

	
0.2971




	
BAGA 5

	
0.235

	
–0.2718

	
–0.2003

	
0.2542




	
GreenV 6

	
0.0669

	
0.1317

	
–0.1443

	
–0.0005




	
BlueV 7

	
0.2961

	
–0.2549

	
–0.2759

	
0.2974




	
BVGV 8

	
0.2326

	
–0.2722

	
–0.1974

	
0.2525




	
ParkV 9

	
0.084

	
0.0782

	
–0.1416

	
0.03




	
ParkVpA 10

	
–0.0682

	
0.1585

	
0.0168

	
–0.1182




	
GreenVpA 11

	
–0.0877

	
0.2336

	
0.0104

	
–0.1547




	
BlueVpA 12

	
0.2232

	
–0.2709

	
–0.1879

	
0.2412








1 ParkA, park area; 2 GreenA, green space area; 3 BlueA, blue space area; 4 BAGA, the ratio of blue space area to green space area; 5 GreenV, service value of ecosystem in green space; 6 BlueV, service value of ecosystem in blue space; 7 BVGV, the ratio of values in ecosystem services in blue space to green space; 8 ParkV, value of ecosystem services in green and blue spaces (GBS) of a park; 9 ParkVpA, the ratio of GBS ecosystem service value to host park area; 10 GreenVpA, the ratio of ecosystem service value in green space to its area; 11 BlueVpA, the ratio of ecosystem service value in blue space to its area. Values in bold font indicate significant correlations.
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Table 3. Basic characteristics of data on facial expressions, landscape metrics, and ecosystem service values in GBSs of UWPs.
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Dependent Variables

	
Independent Variables

	
Parameter Estimate

	
SE 1

	
F

	
Pr > F






	
RHappy 2

	
Intercept

	
44.7568

	
3.3337

	
180.24

	
<0.0001




	
ParkV 3

	
0.0012

	
0.0006

	
4.00

	
0.0483




	
BlueVpA 4

	
0.7203

	
0.3445

	
4.37

	
0.0392




	
RSad 5

	
Intercept

	
54.7509

	
3.2205

	
289.02

	
<0.0001




	
BlueVpA

	
−1.0633

	
0.3394

	
9.81

	
0.0023




	
RNPE 6

	
Intercept

	
45.3132

	
3.2800

	
190.86

	
<0.0001




	
BlueVpA

	
0.8478

	
0.3457

	
6.02

	
0.0160








1 SE, standard error; 2 RHappy, ranked happy score; 3 ParkV, value of ecosystem services in green and blue spaces (GBS) of a park; 4 BlueVpA, the ratio of ecosystem service value in blue space to its area; 5 RSad, ranked sad score; 6 RNPE, ranked score of net positive emotion index.
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