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Abstract

:

There is little information concerning how people in the Global South perceive the benefits and costs associated with urban green areas. There is even less information on how governance influences the way people value these highly complex socio-ecological systems. We used semi-structured surveys, statistical analyses, and econometrics to explore the perceptions of users regarding governance and the benefits and costs, or Ecosystem Services (ES) and Ecosystem Disservices (ED), provided by Neotropical green areas and their willingness to invest, or not, for their conservation. The study area was the El Salitre sub-watershed in Bogota, Colombia, and 10 different sites representative of its wetlands, parks, green areas, and socioeconomic contexts. Using a context-specific approach and methods, we identified the most important benefits and costs of green areas and the influence of governance on how people valued these. Our modelling shows that air quality and biodiversity were highly important benefits, while water regulation was the least important; despite the sub-watershed’s acute problems with stormwater runoff. In terms of costs, the feeling of insecurity due to crime was related to poor levels of maintenance and infrastructure in the studied green areas. Perceived transparency, corruption, and performance of government institutions influenced people’s Unwillingness to Invest (UTI) in green space conservation. Results show that socioeconomic backgrounds, government performance, and environmental education will play a role in the value or importance people place on the benefits, costs, and UTI in conservation efforts in urban green areas. Similarly, care is warranted when directly applying frameworks and typologies developed in high income countries (i.e., ES) to the unique realities of cities in the Global South. Accordingly, alternative frameworks such as Nature’s Contributions to People is promising.
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1. Introduction


The link between human well-being and urban green areas, forests, parks, wetlands, and other natural and semi-natural ecosystems in cities has been well established [1,2] Several studies have valued multiple benefits using a diverse set of case studies, methods, and ecosystem service frameworks like the Millennium Ecosystem Assessment, The Economics of Ecosystem and Biodiversity, and others [3]. These have classified and defined urban ecosystem services as well as reviewed methods for their valuation. A similar body of literature has also discussed ecosystem disservices, or the social, environmental, and economic costs that these detrimental ecosystem functions have on people’s well-being [4,5,6].



This urban ecosystem service–disservice literature has primarily used case studies in contexts such those of Europe and the United States to explore these functions as well as the links between citizens and the benefits from green spaces [7,8,9] Similarly, several urban ecological functions result in a suite of disservices and costs including: Human injuries and infrastructure damage from vegetation debris and growth, wildlife nuisance, allergies, and maintenance costs, among others [6,10,11]. More recently, because cities are complex socio-ecological systems, other socioeconomic functions—in addition to ecological ones—are being included in the assessment of urban ecosystem disservices and can include: Fear of crime and tree fall, unpleasing aesthetics, diseases from remnant natural areas (i.e., wetlands) and foregone property premiums to name a few [6,7,12]. Despite this, there is much less information on how people in the Global South perceive benefits [13,14,15,16], and even less so on ecosystem disservices and if conventional urban ES/ED typologies are relevant for green areas of the Global South [17,18].



More recently, the Intergovernmental Panel on Biodiversity and Ecosystem Services has proposed the Nature’s Contributions to People (NCP) framework or “the positive contributions, or benefits, and occasionally negative contributions, losses or detriments, that people obtain from nature” to complement the ecosystem service framework; particularly in places like the Global South [16]. Although NCP “goes further by explicitly embracing concepts associated with other worldviews on human–nature relations and knowledge systems” [16], the concept has sparked a lively debate in the ecosystem service community; see [18] and responses therein to the article. Despite this recent NCP versus ecosystem services controversy, the terms “benefits” and “costs” as related to urban green areas have a long history of use and application dating back to the early 1990s [1] before the advent and frequent use of these other metaphors [17].



Other studies regularly use geospatial and statistical methods to understand the supply of these ecosystem services and benefits in cities [19,20]. Surveys are also regularly used to better understand the perception residents have towards urban ecosystem services [6,15]. Some of these studies use psychometric scales and methods [15], as well as stated preferences and econometrics, to determine value [6,21]. Fewer studies have, however, measured the role that governance, perceived corruption, and policy processes have in influencing people’s willingness to pay to conserve the ecosystems providing such benefits [22,23]. Similarly, the realities of inequity, weak governance, perceived corruptions, and lack of resources is systematically omitted in stated preference studies in low–middle income countries [21].



These processes and dynamics between actors or stakeholders, governments, and the management and planning of these benefits are key elements that link the supply and demand for benefits [24]. These policy processes, or governance, of ecosystem benefits has been looked at using several lenses including: Political ecology [25,26], urban and rural forest management [27,28], biodiversity [22,24], program evaluation, and the urban ecosystem services framework [8,9,11,29]. However, most of these urban context studies are predominantly from high income countries such as those of North America, Europe, and Australia [17].



The concept of governance has many definitions and applications, and has been described as “an emergent, often complex decision making process” [30]. Huang, C.W. et al. [24] define effective governance as a process that “facilitates the development and implementation of law, regulations, and institutions that have a role in the management of land resources”. Although generally used as a means to describe the processes used by governments to include the governed or society in the decision making process (state-centered), it can also include community and market sectors and situations where actors take a prominent role in the co-management of ecosystems (society-centered; [25,27]). Governance as such includes processes and interactions that organize power relations, influences, interests, and government performance and transparency into the decision making process in order to determine socioeconomic and environmental benefits [28].



Lawrence, A., et al. [28] and Launay, G.C. et al. [31] emphasize the role of measuring these processes, their applications, and outcomes in terms of evaluating the effectiveness in assuring good governance. Kenward, R.E. et al. [22] and Huang, C.W. et al. [24] investigated the performance of governance strategies and context in achieving successful biodiversity conservation outcomes and supplies of ecosystem services. However, Turnhout, E. et al. [26] argue that an increased focus on measuring transparency, efficiency, and effectiveness can lead to an “impoverished understanding of biodiversity itself”. Examples of frameworks, models, and discourses related to governance in regards to urban and peri-urban forests are discussed in detail in [28,32].



However, few studies discuss what good governance is in regards to urban ecosystems in cities of the Global South [13,20,33]. Lockwood [34] defines “good governance”, which encompasses: Legitimacy, transparency, accountability, inclusiveness, fairness, connectivity, and resilience, while [31] promoting criteria such as transparency, corruption, and government performance when evaluating proper governance in Latin American countries. According to Barrett, C.B. et al. [35], the inverse of transparency, or corruption, in regards to natural resources is regularly used as an explanation for environmental degradation. Indeed, in low and middle income countries, perceptions of corruption influence how people value and access environmental benefits in both urban and rural settings [21]. Yet, corruption comes in many forms, levels, and scales, and the causal effects and relationships between corruption and natural resource use and condition can be complex [35].



The above studies document how people perceive and value urban ecosystem services in several cities [1,12], and the role of good governance and willingness to pay for conserving biodiversity and ecosystems [9,24,33,36]. However, as previously mentioned, less known is how people in places such as Latin America perceive this urban benefit-cost bundle and how context-specific realities such as lack of transparency, perceived corruption, and inequity affect people´s willingness to invest in conserving the ecosystems that provide these services [17,20]. Indeed, even the relevance and direct application of the ecosystem service framework in places such as the Global South have recently been questioned [13,18].



This study explores how people perceive the benefits, costs, and the influence of governance on their willingness to invest—or not—to conserve urban green areas. We surveyed representative areas in an urbanized sub-watershed in Bogota, Colombia. Specifically, we have three different study objectives. First, we assess how people perceive urban benefits and costs in an urban sub-watershed in Latin America. Second, we assess how socioeconomic factors affect perceptions. Third, we explore the influence of the different dimensions of governance (e.g., perceived corruption, transparency, government performance) on people´s willingness to invest for the conservation of the green areas and wetlands providing these benefits and costs (i.e., Ecosystem Services–Ecosystem Disservices (ES–ED)). So as to avoid the ecosystem service versus NCP controversy [18], we use the terms urban “benefits” and “costs” as defined by Dwyer et al. [1] in our study and analyses; but we do discuss the relevance of these metaphors (i.e., ES, ED, and NCP) in our Discussion and Conclusion with a focus on the promising use of NCP.




2. Materials and Methods


2.1. Study Area


The study area was the El Salitre urban sub-watershed in Bogotá, Colombia (Figure 1). Bogotá is located at 2600 m in elevation and has a subtropical highland climate temperature that varies between 7–17 degrees C, and total average annual rainfall is about 825 mm [37]. The study´s sub-watershed encompasses the localities of Usaquén, Santa Fé, Chapinero, Teusaquillo, Barrios Unidos, Engativá, and Suba, and within these are 1894 different neighborhoods encompassing 11,791 has. Although the sub-watershed does encompass a large portion of the adjacent Eastern Hills Protected Forest Area (i.e., Reserva Forestal Protectora Bosque Oriental de Bogotá) to the east of Bogota, the study was done entirely in the urban portion. The El Salitre River is mostly channelized in this urban portion and is often referred to as the Arzobispo, Quebrada Molinos, Rio Callejas, and La Sirena streams or drainage channels. There are four officially designated wetlands and approximately 175 different parks and water bodies within the watershed. In all, 3 wetlands, 5 parks, and 2 green areas were selected for sampling the sub-watershed (Table 1).



The sub-watershed also encompasses all the different sub-neighborhood level socioeconomic strata that characterize Bogota. Bogota is divided into six different designated socioeconomic strata, that were designed to subsidize utility payments and infrastructure based on resident’s average income, and thus are a measure of a residential zone´s income status; socioeconomic strata 1 being the lowest income and 6 the highest. These strata are correlated with green space cover and subsequent ecosystem service provision and benefits [38]. Bogota has a high population and building density and as such, the sub-watershed poses several socio-political and environmental realties typical of medium income Latin American cities. For example, sewage pollution discharges into the wetlands and streams in the forest reserve are common [39]. Urbanized areas near wetlands also experience frequent flooding, and informal settlements—both high and low income—are sporadically being established in the foothills and are characterized by high impervious surfaces and inadequate waste management [39].



Air and water pollution concentrations are also high along transportation land uses and stream channels. Streams, as previously mentioned, are channelized and made impervious to deal with excess stormwater and effluents [37,38]. Specific neighborhoods in the study sub-watershed such as Engativá and Suba are characterized by high rates of criminal activity [27,40]. Thus, given the complexity of sampling in densely populated areas with disparate socioeconomic realities and access and safety issues, we were not able to use other standardized methods for selecting urban sites that are frequently used in places such a Europe [41]. Instead, we selected 10 different and representative sites based on safety and access and we use these to represent the sub-watershed´s different socioeconomic strata and land uses (Table 1).




2.2. Survey Instrument


We used a semi-structured, in-person survey consisting of 18 different questions that assessed people´s perception and value for different urban benefits and costs as well as respondent’s demographic and socioeconomic backgrounds (Appendix A). Questions were a combination of closed and open-ended items. In the survey, the first part of the questionnaire was about socioeconomic strata, gender, age, and education level. In a second section, we measured people´s awareness about the watershed’s ecology in terms of their ability to recognize key ecological information by asking 4 questions about: Ecological health, different species, the existence of established wetlands, and an extensive forest reserve to the east of the city (Figure 1). Accordingly, employees of the Jardin Botanico de Bogota and students from the Universidad del Rosario surveyed people’s perception towards climate change and their Willingness to Invest to conserve and restore the ten different green areas and wetlands we used in the study. In all, we surveyed 500 different people, or 50 respondents per site. Approximately 75% of the people who were approached participated in taking the survey and signed an informed consent form.



Based on [1,4,12,16,19,20], we analyzed 8 different benefits and 8 costs that have been reported to influence people´s perception and values regarding urban green and nature in cities. We also include crime-related costs [40] and poverty alleviation–income generating benefits [14] that are not accounted for in ecosystem service typologies [16,18]; but were important to the citizenry. We have found from previous experience that survey respondents in this study area do not distinguish among cognitively complex and technically difficult processes regularly used in ES frameworks such as “ecological functions”, “ecosystem services and disservices”, and “economic benefits”. Rather, they simply recognize them as “benefits and costs”. Thus, we also include crime related ED and poverty alleviation–income generating benefits that are not accounted for in typologies developed in high income countries such as those associated with the “ecosystem service cascade” [16]. Thus, we emphasize that the more scientific and technical terms ES and ED were posed as “benefits and costs” in the instrument to better communicate with respondents. However, in the following methods, results, and discussion sections, they are presented as ES, ED, and NCP to better contextualize and discuss relative to other relevant literature and studies.




2.3. Statistical and Econometric Analysis


Survey responses were in the form of dichotomous questions and Likert scales that were used to statistically characterize the survey population and their responses using two approaches (Appendix A; [15]). First, we summarized respondent´s socioeconomic strata, gender, age, and education level. Graphical analyses were used to identify trends and patterns in responses towards benefits and costs. Then an ordinary least squares (OLS) regression with robust standard errors: 1. Explored the variables that can influence perception towards different benefits and costs, and 2. identified variables for a subsequent analysis using a more predictive model. Following the work of [42], the following regression model (Equation (1)) accounted for the social–cultural dimensions of benefits (Bij):


  B e n e f i t  s  i j   =  β 0  +  β 1  E  A i  +  β 2  S  S i  +  β 3  A  E  i       +  β k   X  i   k   +    ε i   



(1)




where   B e n e f i t  s  i j     corresponds to the number of benefits identified by each individual surveyed in three categories: Provision, environmental, and cultural. This variable was modelled according to three types of sites: Parks, wetlands, and green areas. The independent variable   E  A i    was the environmental awareness of each individual;   S  S i    is the sense of security;   A  E  i       is a dichotomic variable that takes the value of 1 when the individual has a university degree, and 0 when the individual has a lower degree than a university degree;    X  i       is a 3 by 1 vector of control variables. This vector includes the following variables: Age, a dichotomous variable if the individual is from Bogotá, and another dichotomous variable if the individual is aware of climate change.



Second, we used survey responses and most of the variables from our OLS model in a logistic regression to econometrically assess the effects of Weak Governance (Weak_governance) on respondent’s Unwillingness to Invest (UTI) using Equation (2). Per Colombian program evaluation standards [31], a response of not willing to invest (i.e., UTI) included the following reasons for not doing so: 1. Perception of corruption or that funds will not be used appropriately, 2. conservation of green areas and wetlands is already paid for in taxes, 3. the respondents already pay too much tax, and 4. it is the government´s responsibility to conserve green areas. We recoded people´s Unwillingness to Invest as the dependent variable UTI = 1; conversely, UTI = 0 if people were Willing to Invest.


  P r o b U T I =  β 0  +  β  1     W e a k _ G o v e r n a n c e +  β k  X +  ε i   



(2)







Thus, based on [31] and [34], the Weak_governance variable in Equation (2) was 1 if there was a perception of weak governance and 0 otherwise. The X in Equation (1) is a vector representing the socioeconomic variables that were used as controls. We used Gender = 1 for female, and Age was a categorical variable. Strata were recorded according to respondent´s socioeconomic strata (1, 2,….6). In order to avoid perfect collinearity with the intercept of the model, stratum 1 was the omitted variable, as was Salitre if the respondent was from this locality and the city of Bogotá. Five of the 500 respondents did not respond to the UTI question, therefore we used 495 responses for this analysis. Logistic regression estimates were reported using Odds Ratios. Both regression models and all statistical analyses were done using the Stata Version 12 software.





3. Results


3.1. Socioeconomic Characteristics


The majority of the respondents (68%) were between 18–45 years in age, and 55% were male (Table 2). About 32% had a university level education, and only 2.4% had post-graduate studies. Fifty % were in the middle-income strata (Strata 3 and 4), while 20% were in the lower income strata (Strata 1 and 2).




3.2. Perceptions of Benefits and Costs


We found that air purification was the most frequently identified benefit as opposed to water regulation and quality (Table 3). Most notably, flooding regulation was the least identified benefit in all three wetlands. In parks and green areas, air purification was the most identified benefit, but respondents did identify provisioning benefits in parks, however, similar to wetlands, flood regulation and water quality were the least mentioned in both parks and green areas (Table 3).



Overall respondents identified 11 different costs in the watershed (Table 4.). Two of the wetlands, Tibabuyes and Córdoba wetland, and two parks, Montereserva and Parque Nacional, had the most costs identified. Respondents in the Cordoba and Tibabuyes wetlands, for example, reported crime and lack of maintenance and drug use. The Las Delicias Riparian area, the Botanical Garden of Bogotá, and the Nogal Park were the areas with least amount of costs reported. Overall, drug use was the main cost reported in parks. Since crime is a frequently reported problem or ecosystem disservice reported in other international literature [1,4,22], we here forth focus on this specific cost in subsequent analyses. The Cordoba (70%) and Santa Maria del Lago (94%) wetlands were reported as the safest places—in regards to crime—as opposed to the Tibabuyes wetland, which was the most insecure, as only 8% of respondents considered it safe (Figure 2).



It appears that respondent’s perceptions regarding costs from urban ecosystems do affect their identification of benefits, and thus there appears to be a trade-off in the respondent’s sense of wellbeing when they feel unsafe relative to the benefits they perceive. In general, the areas identified as safest were those that had the greatest number of benefits identified. Conversely, in sites that were the least secure, respondents identified the least number of benefits in wetlands, parks, and green areas (Figure 2 and Table 3).




3.3. Factors Influencing Perceptions towards Benefits


Our OLS model shows that in general, environmental awareness coincided with a recognition of a greater number of environmental and cultural benefits (Table 5). Those with advanced degrees and that felt a greater sense of security, or lack of crime, also identified a greater number of environmental and cultural benefits. There was however no relationship between being born in Bogotá and the ability to identify benefits in the sub-watershed. In terms of respondents surveyed in parks, those with greater levels of education identified a statistically significant greater number of different environmental benefits. In wetlands, respondents: With more education, born in Bogota, and with more awareness about the local environment and climate change effects identified a greater number of environmental and cultural benefits. However, of those surveyed, respondents greater than 60 years old were those that identified the greatest number of environmental benefits (Table 5).




3.4. Factors Influencing the Conservation of Bogota´s Green Areas and Wetlands


Overall, 97% of respondents do consider that conserving the watershed’s wetlands and natural areas would improve the wellbeing of people living in their proximity. Forty-seven % felt that air quality improvement was the main benefit, followed by health and wellbeing (27%) and recreational activities (16%). However, when subsequently asked their WTI for an additional fee in their monthly utility bill to “protect and restore Bogotá’s natural areas”, 57% responded positively while 43% responded no. When asked why they were not willing to invest, 17% said that they already pay taxes and that this is the government´s responsibility, and an additional 16% said that they would not invest because of misuse of funds (i.e., corruption). However, of those that were WTI, 16% was because of improvement in wellbeing and protection of biodiversity (11%).




3.5. The Role of Governance and Unwillingness to Invest for Ecosystem Services


We found that WGOV was positively related and significant at all levels to a respondent´s UTI. According to the Odds Ratio, the chance of UTI for conservation was 31 times greater if the respondent perceived WGOV as opposed to strong governance (Table 6). When accounting for other socioeconomic variables, Odds Ratios show that if the respondent perceives WGOV, the UTI for conservation is 38 times greater than when perceiving strong governance (Table 7). The model shows that the control variables are not significant, however, WGOVC was very robust. Gender, age, and being born in Bogota were not significant, and the only significant related variables were for respondents in Strata 2 (upper lower income). That is, the Odds of UTI in strata 2 is 3.1, while for strata 6 (highest income) it is only 0.7.





4. Discussion


Below we will discuss and interpret our findings relative to the relevant literature; thus we will use the term “benefit” and “cost” [1] as synonymous with ecosystem service and disservices, respectively. Later we will discuss the relevance of the NCP framework to our analysis [16,18]. Overall, our findings are similar to those of many other studies in that cultural and environmental benefits were the most identified by respondents, specifically, air quality, aesthetics, well-being, and recreation [43]. Ecosystem service studies in more rural contexts in middle and low-income countries have found that people focus on provisioning ecosystem services or benefits as defined in this study [14,44]. In contrast, in our study these were the least reported. Other studies in natural areas and wetlands in Colombia have also reported that people primarily identify regulation and cultural ecosystem services [45]. However, we do note that water regulation and purification were the least reported benefits in the sub-watershed as opposed to air quality regulation, which was the most frequently reported ES in the study. Shade, as opposed to other studies, was also not a top benefit [6]; but “biodiversity” was also highly valued. Interestingly, we note that these two are considered “ecological structure or functions” in the “ecosystem service cascade” framework—not benefits per se [3,4]. Interestingly, Bogotá’s economic activities and topographic, high elevation, and precipitation characteristics, do not make air quality and temperature regulation issues as pressing as other Latin American cities; however, the city suffers regularly from floods and stormwater problems [38].



Overall, respondents from lower socio-economic strata perceived fewer benefits than those from higher income strata. Accordingly, one would surmise that these respondents spend less time in Bogota’s green areas, but Scopelliti, M. el al. [15] found that it was low and high socioeconomic strata residents that spent the least time in Bogota´s urban parks. Regardless, our weak governance results seem to indicate that lower income respondents do not feel that they are, or should, participate in the decision-making processes. Our results also show that socioeconomics does play a role in the perception towards benefits. Some specific relationships between socioeconomic factors and the identification of benefits have been reported in [46] and [42].



Although income and education are related, there is an obvious relationship between education and environmental awareness, particularly in regards to the hydrological functions. Allendorf, T. D. et al. [47] found that education level does indeed affect how people perceive ecosystem services. Our results were similar; where people with the highest level of education perceived more benefits than those without. One of the most insightful findings was the relationship between “wellbeing” and ecological structure-function-form in that the better maintained green areas were also those that were “safest” in terms of crime and where the majority of benefits were identified. Similarly, the majority of respondents were aware that there would be a loss in their wellbeing if these green areas were lost to land use change. Other research in Bogota has shown that public areas with increased tree-shrub-palm density and heights as well as tree plantings were related to lower incidences of crime and greater provision of benefits [19,38].



Based on Colombian program evaluation criteria [31] for principles and performance outcomes for good governance [34], our survey and modelling found that the perception of governance regarding public expenditures was playing an influential role in the WTI for benefits. Particularly, perceived weak governance was statistically related to people’s UTI in conserving green areas. This finding suggests that transparency, performance, and perceived corruption of government institutions can and will influence buy in and the value citizens place on the benefits from urban ecosystems [33,34]. Furthermore, the effect of governance on the UTI for benefits was not homogeneous across all socio-economic strata. Notably, respondents in Stratum 2 identified a weakness in governance, and this affected their subsequent odds of not investing for conservation–benefits related initiatives; this was on average three times greater than individuals from higher socio-economic strata. Although income and education were related [48], there is an obvious relationship between education and environmental awareness in particular to the hydrological functions and other co-benefits [13,49].



The perception of weak or strong governance on watershed and ecosystem management, conservation, and urban ecosystem services—or benefits as defined in this study—has been previously studied by [21,23,26,28,35]. Based on this literature and our findings, one of the main contributions of this study is that we have identified an influence of weak governance (i.e., lack of transparency, perceived corruption, and poor government performance) on how society values the urban green space benefits from Neotropical urban green areas and watersheds. Such information is key for improved governance, effective conservation, and sustainable provision of benefits to society [24,50].



Our literature review shows how governance is a complex metaphor, and that it has many definitions and is used in the context of urban ES and biodiversity studies; yet few studies have actually attempted to measure it and how it can influence urban benefits-costs, biodiversity, NCP or Nature-based Solutions [24,29]. Thus, to provide for a measure of governance, our study measured governance as consisting of: Transparency, corruption, and government performance. Our measure also incorporated aspects of Launay G.C. et al. [31] and Lockwood, M.’s [34] definitions of good governance as encompassing: Legitimacy, transparency, accountability, inclusiveness, fairness, connectivity, and resilience. Accordingly, we found that our corruption and transparency variables can be used as proxies for perceived corruption, and that funds intended for green area conservation might not be used appropriately as perceived by respondents. Similarly, our tax payment variables accounted for legitimacy, accountability, and government performance (i.e., trust). As such, we found that although residents pay taxes, many respondents are seeing fewer direct benefits (Table 6). Additional variables regarding the government´s responsibility for maintaining green areas accounted for the lack of inclusiveness, fairness, and overall transparency (Table 6). We found that even though respondents knew that the public areas they used and pay taxes for—and subsequently received benefits from them—they indicated a lack of confidence and poor government performance that inevitably affected their response.



We recognize that our use of “socio-economic and ecological processes”, “ES/ED”, and “benefits and costs” does not match the conventional ES typology and framework. Additionally, we note that we did not randomly sample individual sites in the watershed and that our sample size could have been greater. There will also be bias in our results because the surveyor did not randomly survey individuals or specific places in each site. Similarly, concepts such as governance and costs as pointed out by our literature review are complex metaphors to define and measure. Environmental values, resource conflicts, power relationships, green infrastructure types, and structure will also affect how people perceive benefits-cost bundles [20]; these were not studied though. However, given security and access issues and our review of the relevant literature, we feel that our approach and modelling results do provide initial insights into the role of perception and the role of governance on urban green area benefits and costs in a major Latin America city.



Future research could study the perceptions towards benefits and costs and the effect of other field and in situ cognitive measurements of green space and forest structure and composition. As indicated by a reviewer, the opportunity exists for also including other questions as explanatory variables in our models for better understanding citizen opinions of these functions such as perceptions regarding costs, difference dimension of governance, or other environmental and social capital factors and how they affect the valuation of benefits. Indeed, other biophysical factors such as size and density of green areas per neighborhood could also affect human well-being [2]. Similarly, using other methods from environmental psychology and experimental economics could also offer other causal insights as well. That said, the approach used in our study to measure benefits and effects of weak governance and institutional transparency can be used in adopting and improving ecosystem service-governance frameworks such as those proposed by [13,51], and [24] to Latin American socio-ecological systems and their contexts [20]. Implications can also be made regarding the relevance and application of “Nature-Based Solutions” or a more culturally and context relevant approach such as the recently proposed “NCP”; a particularly promising metaphor (Table 3) [18].



Indeed, management and governance of the wetlands and green areas in Bogotá as a public resource does require accounting for such multiple and complex issues and language [3,50]. Our findings, for example, also show the importance of focusing environmental education efforts and topics on certain demographic groups. Although people were knowledgeable about the environment, biodiversity, and nature and its benefits, there was a notable lack of awareness regarding the important hydrological benefits provided by the watershed’s green areas. As such, there is an opportunity to educate the public about the existence and benefits of the positive ecological processes provided by wetlands and parks for the protection of lives and property in Bogotá. Finally, based on our study area and findings, in order to get buy in from society in conservation efforts, it is essential that public institutions improve their perceived lack of transparency an performance [31,33,34,35].



Sarkki, S. et al. [51] proposed different types of “governance services” for different arenas (i.e., policy, markets, society, science) as a way to understand ecosystem service dynamics and incorporate them into management and planning frameworks. Falk, T. et al. [36] also proposed that governance types need to be adapted according to specific benefit types and institutions. Therefore, key to linking well-being with governance and policy uptake is to identify a given society´s perceptions and values concerning the benefits and costs from green areas [24,50]. However, much of this ecosystem services-governance literature presents concepts, conceptual frameworks, and case studies primarily from countries in the Global North and wildland, rural ecosystem-based contexts [16,24,33]. However, our findings add to the emerging ecosystem services, NCP, and governance literature in that we: Addressed socio-ecological dynamics for low-middle income contexts, measured governance using evaluation metrics, and informed how policy processes and incentives can affect citizen´s UTI in green space and wetland conservation.




5. Conclusions


Our findings provide very basic and useful, yet overlooked, information and guidelines for managers, educators, policy makers, and local planners. In particular, urban park and wetland users can identify the various benefits from urban nature. However, as in the case of water regulation, information needs to be targeted and context-specific. That is, in surveyed wetlands, people perceived that air quality was more important than water regulation. Despite the fact that flooding and water quality problems are much more acute problems in the sub-watershed than air quality issues. Additionally, we found that conventional ES typologies and frameworks developed in high income countries need to be adjusted and adapted in order to match the realities on the Global South. The NCP or Nature-Based Solutions approaches as such provide fertile grounds for future use and application in places such as Latin America cities.



Similarly, people’s perception of crime and the overall lack of maintenance and infrastructure influenced the overall benefit’s they identified from green areas. This was particularly evident with respondents from lower socio-economic neighborhoods. So, people with different education and socioeconomic levels do weigh the tradeoffs of personal security and perceived lack of governance against the conservation and provision benefits of and from these areas in different ways. In particular, costs such as crime and litter did affect them, but detrimental ecosystem structures and their negative functions are easily addressed in a relatively low-cost manner and can effectively influence how people perceive these urban benefits. Thus, it is important for planners to consider safety and maintenance of wetlands and parks because basic simple management, maintenance, and planning activities can play a role in people´s perception and probably in attitudes and investment of public resources towards those areas.



Accordingly, conservation and effective management of wetlands, parks, and green areas is key, and citizens can indeed identify the benefits versus the costs of conserving them. In order to provide long-term benefits from urban ecosystems, effective governance processes and environmental education efforts based on the premise that humans are integral parts of social–ecological systems is key. The perception of good governance is regularly considered important in this link, but the perceived lack of transparency will be a limiting factor in people´s buy in and willingness to invest in and maintain the necessary ecological structure that provides the most benefits and minimizes costs. Accordingly, lack of governance processes and trust towards the institutions developing and implementing them will affect the effectiveness of existing planning and management goals.



The benefits and costs of urban green areas—be they referred to as ecological processes, biodiversity, ES, ED, NCPs, or nature-based solutions, are key in improving the social, economic, and environmental well-being of citizens; regardless of the metaphor used. Participatory management and planning of urban green areas requires information on how the different segments of society perceive both the benefits and costs of urban socio-ecosystem functions. Thus, effective institutional capacities and transparent state and non-state centered processes require information on what the different actors perceive about not only ES/ED, but of the governance and policy processes inherent in delivering the supply of benefits—and the mitigation of costs—from wetlands and green areas. Indeed, where good governance is absent, “bottom up” initiatives by citizens are one means to move towards improving the well-being of people living in urban and peri-urban areas of the Global South; regardless of what metaphors scientists from the Global North desire to use to describe these benefits and costs.
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Table A1. Table listing response variables, units, and data types for the survey instrument presented in Supplementary Material A. Note: Only analyzed responses and variables are presented.
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Question

	
Response Variable

	
Data Type/Units

	
How Data Were Analyzed






	
Is this place offering any benefits?

	
Awareness of ecosystem functions

	
Yes/No

	
Dichotomous variable

1 = This place is offering benefits.

0 = This place is not offering benefits.




	
Which of the following benefits is this place offering?

	
Perceptions of Ecosystem Services:

Regulation:

	
Air purification



	
Climate Regulation



	
Flood Mitigation



	
Water purification



	
Shade





Cultural

	
Aesthetic values



	
Recreation



	
Sense of well-being





Provisioning/supporting/Benefits

	
Food



	
Biodiversity



	
Allows informal Job






	
Categorical

	
Variables for each ES Category.

Regulation: Number of ES identified in this category.

Cultural:

Number of ES identified in this category.

Provisioning:

Number of ES identified in this category.




	
Which are the most important benefits for you?

	
Items in #2 were assigned an importance 1; being the most important

	
Ranking

	
This variable was not used for the statistical analyzes.




	
Would losing these benefits affect you?

	
Perceptions of benefits

	
Yes/No

	
Dichotomous variable.

1=People consider that losing of these benefits affect them.

0 = People consider that losing of these benefits affects them.




	
What problems does this place present?

	
Perception of Ecosystem Disservices

Environmental

	
Falling branches and trees



	
Trash and refuse



	
Invasive vegetation



	
Pet excrement



	
Insects or rats





Financial

	
Maintenance costs



	
Lack of maintenance



	
Illicit drug sales and use





Social

	
Crime



	
Fear



	
Rhinitis or allergies






	
Categorical

	
Variables for each EDS




	
Is this place safe?

	
Perception of security

	
Yes/No

	
Dichotomous variable 1 = Safe

0 = Unsafe




	
Do you believe that protecting natural areas improves the wellbeing of people living nearby?

	
Perceptions of benefits

	
Yes/No

	
Dichotomous variable 1 = Improvement of wellbeing

0 = No Improvement




	
Do you think urbanization affects quality of water and flooding?

	
Perception of urbanization’s effects on water regulation benefits

	
Yes/No

	
Dichotomous variable.

1 = Urbanization affects quality of water.

0 = Urbanization has no affects on quality of water.




	
Can you identify 3 trees, palms, or plants in this place?

	
Biodiversity awareness

	
Yes/No

	
Dichotomous variable. This variable was used to create the environmental awareness variable. We used the polychronic command in Stata to perform the new variable.

1 = At least 1 plant was identified

0 = None




	
Are you aware of Reserva Forestal Protectora Bosque Oriental de Bogotá?

	
Policy awareness

	
Yes/No

	
Dichotomous variable. This variable was used to create the environmental awareness variable.

We used the polychronic command in Stata to perform the new variable.

1 = People are aware of the Reserva Forestal Bosque Oriental

0 = People are not aware of the Reserva Forestal Bosque Oriental.




	
Is this reserve important for Bogotá’s citizens’ wellbeing?

	
Policy awareness

	
Yes/No

	
Dichotomous variable 1 = Reserve important for Bogotá’s citizens’ wellbeing

0 = Reserve is not important




	
Can you name wetlands that are located in Bogota?

	
Names of wetlands mentioned by respondents:

	
Categorical

	
Dichotomous variable. This variable was used to create the environmental awareness variable. We used the polychronic command in Stata to perform the new variable.

1 = At least 1 wetland is identified

0 = None




	
Humedales de Bogotá




	
Humedal Juan Amarillo o Tibabuyes




	
Humedal Córdoba




	
Humedal La Conejera




	
Humedal de Santa María del lago




	
Humedal El burro




	
Humedal de Jaboque




	
Humedal La vaca




	
Humedal Torca-Guaymaral




	
Humedal Tibanica




	
Humedal de Capellanía




	
Humedal Salitre




	
Humedal La Florida




	
Humedal Chicú




	
Humedal Libélula




	
Humedal de Techo




	
Humedal Laguna de Chinará




	
Humedal Techo




	
Humedales Autopista Norte




	
Complejo de humedales El Tunjo




	
Humedal Capellanía




	
Humedal Chiguasuque




	
Humedal El Salitre




	
Humedal Timiza




	
Are you willing to invest an additional amount in monthly utilities for programs that protect and recover natural areas in Bogotá?

	
Willingness to pay:

	
Not willing to pay



	
$1000 to $4000 COP



	
$5000 to 10,000 COP



	
More than 10,000 COP



	
More than 30,000 COP






	
Categorical Colombian Pesos (COP)

	
Dichotomous variable that was used to create Unwillingness to Invest (UTI). If UTI = 1; conversely, UTI = 0 if people were willing to pay.




	
Why are you willing to invest or not?

	
Governance responses

	
Taxes are already paid and it’s the government’s responsibility/It is not my responsibility



	
Corruption



	
Lack of resources



	
It is our responsibility





Well-being/other responses

	
Air purification



	
I use them



	
Improves citizens’ welfare



	
Urban biodiversity conservation



	
I do not know



	
No answer






	
Categorical

	
Variable used to create weak governance if response was: 1. Perception of corruption or funds not used appropriately, 2. Conservation of green areas and wetlands is already paid for in taxes, 3. The respondents already pay too much tax, and 4. It is the government´s responsibility to conserve green areas.




	
Do you believe that climate change is happening?

	
Climate change awareness

	
Yes/No

	
Dichotomous variable.

1 = Believe in Climate change

2 = Do not believe in Climate change
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Figure 1. The El Salitre urban sub-watershed in Bogota, Colombia, and its socioeconomic strata and ten sample sites. 
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Figure 2. Number of responses towards the perception of levels of a cost in the form of high crime (Unsafe) and low crime (Safe) in 10 different green areas and wetlands in the El Salitre sub-watershed in Bogotá, Colombia. 
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Table 1. Ten different sites characterizing three different green area types in the urban sub-watershed of El Salitre, Bogota Colombia.
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Site

	
Socioeconomic Strata

	
Use






	
Wetlands

	




	
Tibabuyes—Juan Amarillo

	
2

	
Largest wetland in Bogota (223 has)




	
Córdoba

	
5

	
40-hectare wetland with the highest number of registered bird species




	
Santa María del Lago

	
3

	
11-hectare wetland with high visitor use and water quality




	
Parks

	




	
Parque Nacional Enrique Olaya Herrera

	
3

	
283-hectare recreational park bordering an extensive forest reserve to the east of Bogota




	
Parque de los Novios

	
3

	
23-hectare recreational park with a large lake in the center




	
Parque El Nogal

	
5

	
3100 m2 recreational park in a residential and business district




	
Park Way

	
4

	
Linear, recreational park 30 m in width extending for about 9 city blocks




	
Parque Montereserva

	
6

	
Recreational green space adjacent to multi-story residential buildings




	
Green areas

	




	
Jardín Botánico de Bogotá

	
3

	
Municipal botanical garden




	
Quebrada las delicias

	
1

	
Conservation riparian area at the edge of forest reserve to the east of Bogota
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Table 2. Socioeconomic characteristics of respondents in the El Salitre sub-watershed in Bogota, Colombia.
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	Socioeconomic Characteristics
	N
	Mean
	Std. Dev.





	Age (years)
	
	
	



	<18
	500
	9.60%
	0.2949



	18–30
	500
	44.60%
	0.4976



	31–45
	500
	24.20%
	0.4287



	46–60
	500
	14.40%
	0.3514



	>60
	500
	7.20%
	0.2587



	Gender
	
	
	



	Female
	500
	44.80%
	0.4978



	Male
	500
	55.20%
	0.4978



	Education
	
	
	



	None
	500
	0.40%
	0.0635



	Preschool-Primary
	500
	11.31%
	0.3170



	Secondary
	500
	42.82%
	0.4983



	Technical
	500
	10.30%
	0.3043



	Professional-Technological
	500
	32.32%
	0.4681



	Specialization/Masters/ Postgraduate
	500
	2.42%
	0.1539



	Doctorate
	500
	0.2%
	0.0449



	Socioeconomic Strata
	
	
	



	1-Lower
	500
	10%
	0.3003



	2-Upper lower
	500
	10%
	0.3003



	3-Lower middle
	500
	30%
	0.4587



	4-Middle
	500
	20%
	0.4004



	5-Upper middle
	500
	20%
	0.4004



	6-Upper class
	500
	10%
	0.3003







N, Number; Std. Dev., Standard Deviation.
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Table 3. Perception towards benefits in 10 different green areas and wetlands in the El Salitre sub-watershed. Note: We integrate both the ecosystem services and nature’s contribution to people (NCP) metaphors to better represent Bogota, Colombia’s context and what citizens value from ecosystems and nature.
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Wetlands

	
Parks

	
Green Areas




	
Ecosystem Services/NCP

	
Benefits

	
Córdoba

	
Santa María del Lago

	
Tibabuyes

	
Montereserva

	
Park Way

	
Los Novios

	
El Nogal

	
Parque Nacional

	
Quebrada las Delicias

	
Jardín Botánico






	
Provision

	
Food

	
0%

	
0%

	
0%

	
2%

	
0%

	
0%

	
0%

	
0%

	
0%

	
0%




	
Shadow

	
0%

	
0%

	
0%

	
0%

	
4%

	
0%

	
0%

	
0%

	
0%

	
0%




	
Regulation

	
Air purification

	
96%

	
100%

	
66%

	
90%

	
80%

	
98%

	
94%

	
88%

	
90%

	
100%




	
Water purification

	
64%

	
54%

	
32%

	
50%

	
38%

	
46%

	
28%

	
50%

	
84%

	
66%




	
Climate regulation

	
48%

	
80%

	
34%

	
62%

	
62%

	
66%

	
72%

	
64%

	
74%

	
72%




	
Flood mitigation

	
32%

	
62%

	
22%

	
52%

	
34%

	
50%

	
30%

	
44%

	
42%

	
42%




	
Biodiversity

	
54%

	
90%

	
48%

	
68%

	
66%

	
78%

	
82%

	
84%

	
84%

	
90%




	
Cultural

	
Sense of well-being

	
78%

	
84%

	
58%

	
80%

	
80%

	
86%

	
92%

	
94%

	
92%

	
92%




	
Aesthetics

	
72%

	
82%

	
76%

	
78%

	
80%

	
90%

	
84%

	
94%

	
90%

	
94%




	
Recreation

	
88%

	
80%

	
62%

	
66%

	
64%

	
92%

	
90%

	
90%

	
86%

	
88%




	
Employment

	
0%

	
0%

	
0%

	
0%

	
2%

	
0%

	
0%

	
2%

	
0%

	
0%
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Table 4. Perception towards costs in 10 different green areas and wetlands in the El Salitre sub-watershed. Note: We integrate both the ecosystem disservices and problems from nature metaphors to better represent Bogota, Colombia’s context and what citizens least value from ecosystems and nature.
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Wetlands

	
Parks

	
Green areas




	
Ecosystem Disservices

	
Costs

	
Córdoba

	
Santa María del Lago

	
Tibabuyes

	
Montereserva

	
Park Way

	
Los Novios

	
El Nogal

	
Parque Nacional

	
Quebrada las Delicias

	
Jardín Botánico






	
Environmental

	
Falling branches and trees

	
30%

	
30%

	
18%

	
28%

	
24%

	
22%

	
20%

	
30%

	
34%

	
4%




	
Trash and refuse

	
28%

	
24%

	
76%

	
42%

	
28%

	
24%

	
18%

	
52%

	
36%

	
4%




	
Invasive vegetation

	
0%

	
0%

	
0%

	
0%

	
0%

	
0%

	
0%

	
0%

	
4%

	
0%




	
Pet excrement

	
2%

	
2%

	
0%

	
0%

	
0%

	
2%

	
6%

	
0%

	
0%

	
0%




	
Insects or rats

	
24%

	
28%

	
50%

	
32%

	
26%

	
28%

	
16%

	
12%

	
4%

	
0%




	
Financial

	
Maintenance costs

	
18%

	
10%

	
14%

	
24%

	
16%

	
32%

	
18%

	
10%

	
0%

	
4%




	
Lack of maintenance

	
40%

	
56%

	
62%

	
44%

	
32%

	
34%

	
14%

	
54%

	
26%

	
2%




	
Illicit drug sales and use

	
32%

	
26%

	
82%

	
40%

	
40%

	
34%

	
54%

	
60%

	
24%

	
2%




	
Social

	
Crime

	
44%

	
12%

	
84%

	
34%

	
52%

	
10%

	
14%

	
76%

	
56%

	
2%




	
Fear

	
32%

	
14%

	
42%

	
36%

	
26%

	
36%

	
22%

	
40%

	
6%

	
2%




	
Rhinitis or allergies

	
6%

	
14%

	
32%

	
38%

	
8%

	
22%

	
14%

	
18%

	
4%

	
2%




	
Other

	
None

	
32%

	
22%

	
0%

	
24%

	
6%

	
22%

	
8%

	
0%

	
16%

	
82%
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Table 5. Ordinary least squares regression model for socioeconomic factors that influence the environmental, cultural, and provision benefits identified in the El Salitre watershed (Robust standard errors in parenthesis) *** p < 0.01, ** p < 0.05, * p < 0.1.
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	Variables
	Number of Regulation ES in the Watershed
	Number of Cultural ES in the Watershed
	Number of Provision ES in the Watershed





	
	(1)
	(2)
	(3)



	Environmental awareness a
	0.207 **

(0.0987)
	0.177 ***

(0.0574)
	0.00626

(0.00443)



	Sense of security—Crime
	0.466 ***

(0.152)
	0.170 *

(0.0985)
	0.0116 *

(0.00678)



	Higher education (> university degree)
	0.878 ***

(0.317)
	0.553 *** (0.0905)
	0.00150

(0.00382)



	Between 31 and 45 years old
	0.0103

(0.156)
	−0.140

(0.0947)
	−0.00826

(0.00510)



	Between 46 and 60 years old
	0.329

(0.244)
	0.0406

(0.110)
	−0.00911

(0.00568)



	Greater than 60 years old
	0.0714

(0.220)
	−0.0875

(0.126)
	0.00550

(0.0125)



	Recognizes climate change effects
	0.903 **

(0.351)
	0.900 *** (0.268)
	−0.0436

(0.0436)



	Born in Bogotá
	0.00404

(0.138)
	−0.192 ** (0.0785)
	−7.29e-05

(0.00628)



	Constant
	1.739 ***

(0.380)
	1.481 *** (0.282)
	0.0349

(0.0394)



	Surveys
	499
	499
	499



	R2
	0.0634
	0.095
	0.021



	F statistic
	3.662
	9.306
	0.380







a The environmental awareness variable consisted of 3 questions: Can you identify 3 trees, palms, or plants in this place? Are you aware of the Reserva Forestal Protectora Bosque Oriental de Bogotá (the adjacent large extensive forest reserve to the east of the city)?; and Can you name wetlands that are located in Bogota? (Appendix A).
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Table 6. Logistic regression a and Odds Ratio of the effects of weak governance (WGOV) on people’s Unwillingness to invest (UTI) for urban ecosystem benefits.
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UTI

	
Odds Ratio

	
Standard Error

	
Z

	
P > |z|

	
[95% Conf. Interval]






	
WGOV

	
31.43382

	
7.968317

	
13.6

	
0

	
19.1259

	
51.66216




	
Constant

	
0.16

	
0.027247

	
−10.76

	
0

	
0.114595

	
0.223396








a Number of observations = 495; Log likelihood = −208.44138; LR chi2(1) = 258.53; Prob > chi2 = 0.0000; Pseudo R2 = 0.3828.
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Table 7. Logistic regression a of the effect of weak governance (WGOV) on people’s Unwillingness to Invest (UTI) controlling for gender, age, socio-economic strata, and residence.
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UTI

	
Odds Ratio

	
Standard Error

	
Z

	
P > |z|

	
[95% Confidence Interval]






	
WGOV

	
37.73149

	
10.60571

	
12.92

	
0

	
21.74929

	
65.45804




	
Gender

	
0.8305991

	
0.217637

	
−0.71

	
0.479

	
0.497

	
1.388119




	
Age

	
0.9831168

	
0.11173

	
−0.15

	
0.881

	
0.7868048

	
1.22841




	
Stratum 2

	
3.155877

	
1.782857

	
2.03

	
0.042

	
1.042915

	
9.549736




	
Stratum 3

	
1.353498

	
0.642457

	
0.64

	
0.524

	
0.5338548

	
3.431566




	
Stratum 4

	
1.22499

	
0.6226557

	
0.40

	
0.69

	
0.452347

	
3.317368




	
Stratum 5

	
1.170744

	
0.595533

	
0.31

	
0.757

	
0.4319894

	
3.172857




	
Stratum 6

	
0.734595

	
0.420205

	
−0.54

	
0.59

	
0.23941

	
2.254003




	
Resides in Salitre

	
1.058643

	
0.294395

	
0.2

	
0.838

	
0.613821

	
1.825818




	
Born in Bogota

	
1.140392

	
0.322006

	
0.47

	
0.642

	
0.6556999

	
1.983368




	
Constant

	
0.1191804

	
0.06968

	
−3.64

	
0

	
0.0378913

	
0.3748613








a Number of observations = 495; Logistic Regression chi2(10) = 267.09; Prob > chi2 = 0.0000; Pseudo R2 = 0.3954; Log likelihood = −204.16118.
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