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Abstract

:

Few studies analyze people’s preferences for ecosystem services (ES), disservices (ED) and drivers of change in less populated, tropical municipalities. Understanding such preferences and needs by the community and stakeholder groups before actually assessing, modelling, and measuring the supply of ES is key for decision-making and planning in municipalities, as well as for the conservation of nearby neotropical dry forests. We studied these dynamics in a small rural municipality in Colombia with limited data availability using semi-structured interviews and surveys, as well as ES-proxies and geospatial analyses. We then analyzed the supply and importance of two community identified ES and one ED from adjacent neotropical dry forests during 2005–2017. We found that respondents recognized air purification and food production as the most important ES. Increased temperatures and fires were the most important ED, while fires were also identified as an important driver of change. Air purification, via pollutant deposition to forest cover, remained approximately constant (116 ton/year), while food production (49 ton/ha) and fire occurrence, an ED, increased. Findings show how transdisciplinary research and participatory knowledge co-production among local communities, researchers and land management institutions can improve governance, decision making, policy uptake and planning efforts.
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1. Introduction


Human settlements depend strongly on adjacent ecosystems as these provide the necessary functions and resources for human well-being [1]. Indeed, the importance of ecosystems for society is regularly undervalued in some medium and low-income tropical countries, as documented by the unbalanced number of ecosystem services studies from temperate and high-income countries [2]. Until 2010, approximately 50% of ES studies were concentrated in six countries, particularly the United States and China [3]. Similarly, the role of ecosystem disservices (ED) and their effects on tropical socio-ecological systems and cities has been less studied compared to studies on ES [4]. In particular, such science-based information for supporting urban planning and neotropical forest conservation instruments that take into consideration community-defined ecosystem services assessments are also often lacking [2].



Although much ES research focuses on generating information on ES supply, fewer studies begin by first consulting with local stakeholders to identify the demand for important ES before commencing their assessments [5,6]. Spatially explicit information on ES in Colombia exists, yet ineffective conservation goals, planning instruments, and degradation of ecosystems, such as Andean forests and the paramos (mountain grasslands), continue to alter both the storage and supply of water- a highly important ES to downstream municipalities [7]. Therefore, there seems to be a mismatch between the local realities and needs of municipal and regional planners with the information being provided by ES assessments [2]. Thus, it is key to assess the importance and recognition of relevant ES supply and demand by local populations a priori, in order to better model their supply and meet demand [3].



This participatory approach is important for assessing demand for some ES as land cover changes can alter the provision of these ES and ED [8]. Studies frequently focus uniquely on a single or a few ES, such as water quality or carbon sequestration [9], or estimate ES demand or consumption using secondary data, leaving out elicitation-based preferences and concerns of local communities [10]. Several ES studies also focus on monetary or biophysical valuation, leaving aside people’s non-monetary value systems and their local-scale socio-ecological context [8]. Other studies and assessments are increasingly using the ES approach for planning. Aldana et al. [4], for example, estimated ES supply and demand using experts in the city of Barranquilla, Colombia. However, the ES prioritized by experts might differ from non-experts [11]. Therefore, the inclusion of local non-expert communities and other stakeholder groups is necessary to assess the ES and ED to stakeholders with less power and influence [6] and to integrate local and traditional knowledge [12].



Ecosystem services and ED are also strongly affected by anthropogenic drivers of change that alter ecosystems structure and functions, and in turn the supply of ES and ED [13]. The provision of an ES/ED is dependent not only on the biophysical and structural properties of an ecosystem, but also on the socioeconomic dynamics taking place in a particular context. Ecosystem service assessments using a socio-ecological approach can, therefore, provide a means to better understand the effects of ED and drivers of change on society, as well as their demand for ES [1]. In this way, information is gathered on the diverse and often divergent values that people have regarding ES/ED [11,14].



Our aim was to study a less populated municipality in Colombia to identify the importance to the community of, and subsequently map and quantify, ES, ED and drivers of change from adjacent neotropical dry forests. We did so by integrating the following specific objectives: (i) identify the recognition and importance of key ES, ED and drivers of change by a local community; (ii) use proxies to quantify and map the supply of these ES, and (iii) model the relationships between a recognized driver of change and its effects on the supply of a key ES. Such an approach, which first identifies the community’s most important ES, ED and drivers of change—before assessing the supply of ES—can aid in improving environmental planning and management instruments and subsequently people’s quality of life and better use of natural resources.




2. Materials and Methods


2.1. Study Area and Context


The study area is the municipality of Coyaima, located in the Department of Tolima, Colombia (Figure 1). The dominant natural vegetation surrounding the municipality is tropical dry forest, intermixed with a mosaic of crops, pastures and degraded areas [15]. Elevation ranges between 300 and 1200 m a.s.l., average annual precipitation is 125.3 mm/yr, and average annual temperature is 28 °C [16]. The municipality covers a total area of 664.3 km2, where the majority is rural and only 1% urban [17]. This municipality is administratively subdivided into different veredas, which are outlying less densified human settlements or hamlets located near major roads or other transportation routes.



The population of Coyaima is approximately 28,000 people, with 51.8% men and 48.2% women [18], and 78% of the population lives in non-urban areas [19]. Approximately, 77% of residents in Coyaima self-identify as belonging to the Pijao ethnic group [18]. The municipality has an area of 664 km2 and an urbanized full-service village of 1.5 km2 with approximately 5000 inhabitants, while the rest of the inhabitants live in 53 adjacent and nearby veredas [19]. The economy of the municipality is mainly based on agriculture, livestock, mining, followed by manufacturing activities, commerce, and services [16]. The major agricultural activities are fishing and cropping of corn, sesame and sorghum (Sorghum spp.) [17]. Tropical dry forests are ecosystems at risk in Colombia, having been reduced to 8% of their original cover across the country [20]. Historically people have set fires to tropical dry forests to gain new grazing and agricultural land and to deter deleterious wildlife. Nevertheless, fires can have long-term negative effects on hydrology, biodiversity, soil properties and human safety and health [21].




2.2. Perception of Ecosystem Services, Disservices and Drivers of Change


We identified the items and potential variables to be used in our eventual survey instrument by initially interviewing: two community leaders, five public officials and one resident. The eight key stakeholders were identified using a snowball sampling technique based off an initial interview [22]. The semi-structured interviews yielded the most important ES/ED, and the identification and understanding of drivers of change [14].



Using the interview responses and Pedraza et al. [7], we developed a structured survey with the following sections: (1) demographic characteristics, (2) the most important ES and (3) ED affecting them, (4) identification of key drivers of change, and (5) questions about respondents environmental attitudes and opinions. They survey was pre-tested with 10 university researchers and once finalized, 361 in-person intercept surveys were conducted in Coyaima. The interview structure and the survey instrument and its items are presented in Supplementary Material, Part 1, Part 2 and Part 3. The surveys method consisted of the following steps: (1) the study area context was explained to the respondents using a script and photos, (2) respondents were provided with a form in which response items were previously read, (3) once respondents read all the options, they selected their response options. This was done for Questions 1, 2, 3 and 5 to reduce protest responses [7]. The order of listing the benefit and damage response options in Questions 1 and 2 (Supplementary Material, Part 3) were randomly presented to the respondents in every survey to reduce selection bias associated with selecting the initially presented items. Approximately 80% of people invited to participate in the survey did so.



The survey results were digitized and analyzed using the NVivo Version 12 data analysis software [23]. The software identified the most frequently reported ES and ED important to, or that affected, people, as well as the most frequently mentioned drivers of change. Finally, the open questions on environmental attitudes and opinions were analyzed by identifying the 10 most frequently related words regarding ES, ED, and drivers of change (minimum length of 5 letters and exact matches).




2.3. Quantifying the Most Important ES


Using results from Section 2.2, we found that respondents identified air purification and food production as the two most important ES (see results in Section 3.1). This shows the importance of these two ES for people in Coyaima and, therefore, as stated in our study aim, we quantified the supply and distribution of these ES in the municipality. In addition, a main limitation in contexts such as Colombia is data availability and access. Therefore, we used the ES proxy approach to help estimate the supply of air purification and food production, and thereby eliminating the need for expensive and extensive field data collection work in difficult to access study areas [24].



The supply of the air purification ES was estimated by means of the annual amount of dry deposition, or removal, of pollutants, specifically carbon monoxide (CO), nitrogen dioxide (NO2), ozone (O3), particulate matter 10 (PM10) and 2.5 (PM2.5), and sulfur dioxide (SO2). These were estimated in tons (t) with respect to the total forested area in the municipality for the period 2005 to 2017. This time period was chosen primarily because of data availability and because of a substantial increase in national level deforestation beginning around 2005. The estimates consisted of multiplying proxy-based rates of annual pollutant removal (g/m2) and the amount in square meters (m2) of total forested area in the municipality during each year. Proxy-based annual rates of annual pollutant removal (Table 1) were obtained from modelling estimates from Mexico City by Escobedo and Chacalo [25], Santiago de Chile by Escobedo and Nowak [26] and for the United States by Hirabayashi [27], using the urban forest effects and i-Tree canopy models [28]. These modelled estimates are based on pollutant flux means (g/m2/s), which is the product of the dry deposition rate (m/s) and pollutant concentrations (g/m3) (see [26,27] for specific air pollution- forest deposition modelling methods). The total forested area data for each year were obtained from the Colombian IDEAM forest/non-forest layers for the years 2005, 2010, and annually from 2012 to 2017 [29].



The food production ES was estimated using proxy-based yields in tons/hectares (t/ha) for the five main types of non-industrial crops for each year from 2007 to 2017 according to yields reported in AGRONET [30]. The following subsistence crops were selected since they are important for household subsistence and revenue of residents, and included: cachaco (Musa sp.), traditional corn, mango (Mangifera indica), lemon, and sweet cassava (Manihot esculenta) [17].




2.4. Quantifying Ecosystem Disservices and Drivers of Change


We used the results from our survey (Section 2.2) and the proxy-based approach to quantify the most important ED. The survey respondents identified increased temperatures and the effects of fires as the main ED, while the uncontrolled dumping of garbage and again fires were the most frequently reported drivers of change in the study area (see detailed results in Section 3.1). Therefore, we quantified fires as both an ED and driver of change while dumping of garbage was not quantified, due to lack of data availability [17]. Neither was temperature, due to a lack of a weather monitoring station network in the study area. Rather, we prioritized the analysis of fires, as they have an important role as both ED and drivers of change, and the relevant data are readily available based on remote sensing products.



The amount of hectares burned between 2006 to 2017 was estimated using a supervised classification of seven scenes from different satellites: Terra/Aqua MODIS (for year 2006), Landsat 3–4 (2010, 2013), Landsat 8 (2014, 2017) and Sentinel-2 (2015, 2016), obtained from the GloVIS search engine [31]. The assessment of the overall classification accuracies for the burned and non-burned areas was carried out by means of a confusion matrix using 100 validation points per year and high-resolution imagery from Google Earth. To determine if the specific land cover that was burned in the study area for 2017, we used the Colombian map of continental, coastal and marine ecosystems -MEC [15]. The map represents 16 land cover types, which were collapsed into seven aggregated land cover classes, according to Cortolima [16] for the municipality of Coyaima (Table S1).



Since fires primarily affect exurban areas, we differentiated between residents living in more urbanized area versus those living in ex-urban veredas in the municipality, by developing a political boundary map for Coyaima to differentiate these areas. We then assigned each respondent to their self-reported vereda in the municipality of Coyaima and a ranking depending on whether the persons living in that veredas (n = 274) identified fires as the first, second, or third most important ED or driver of change (1,2,3, respectively).



We used Spearman’s correlations to explore the relationships between fire as a driver of air purification supply plus ES food production, and Chi- square tests explored the relationship between n fires as an ED and driver of change and demographic variables such as: sex, age, education, occupation, affiliation with an indigenous reservation/council and rural or urban residence. All statistical analyses were performed using RStudio version 3.5.3 [32].





3. Results


3.1. Identification and Importance of Key ES, ED and Drivers of Change


Eight key stakeholders from the municipality (3 women, 5 men) were initially interviewed. Their ages ranged from 46 to 60 years old, and all had lived in the municipality an average of 32 years. The interviewees identified a total of 25 ES, 10 ED and 13 drivers of change (Supplementary Material, Part 2). To reduce redundancy and the number of ES, ED and drivers of change, these were collapsed into 10 ES, 11 ED and 9 drivers of change that were later used as response items in the survey instrument (see Section 2.2).



Table 2 shows the population characteristics of our survey respondents (n = 361). Overall, we found that survey respondents chose air purification (24%) and food production (15%) as the most important ES (Figure 2A). The two ED that were chosen in the survey as the most damaging were: high temperatures (19%) and fires (18%; Figure 2B). The two drivers that most important were: informal garbage dumping (26%) and fire (22%), which interestingly was also one of the top ED (Figure 3).



We also explored specific demographics and their relationship to ES, ED, and drivers of change and found that air purification was important to most demographic groups (Figure 2A), but the importance of other ES, ED and drivers differed across demographic groups. For example, women less than 30 years old (n = 82) chose air purification (55%) and climate regulation (40%) as their most important ESs. Professionally educated women also chose air purification (58%) and additionally biodiversity as their most important ES. Meanwhile men with a professional-level education chose air purification (76%) as well as cultural identity as the most important ESs. Further, rural respondents with no education again chose air purification as an important ES but also economic support. In terms of EDs (Figure 2B), urban respondents with a technician-level education identified high temperatures and drought as the most important EDs, while older men > 60 years old identified drought and fear of crime as most important. Respondents who worked in agriculture (n = 32) reported that fire was the most important ED and the majority (59%) identified fire as the most important driver of change. Finally, younger respondents 18–30 years old with a primary school education identified garbage (i.e., Figure 3) and soil erosion as the main drivers of change.




3.2. Quantifying the Most Important ES


3.2.1. Air Purification


The maximum total supply of the annual air purification ES by the forested area in the municipality of Coyaima in 2005 as estimated by our Methods (Section 2.3) averaged 164 t (Table 3) and decreased between 2005 and 2010, indicating a loss in a functional ability to eliminate about 40 t of pollutants annually (Figure 4A). This is due to decreased forest cover (326 ha) in the study area during this period (Figure 4B) and resulted in the inability to remove 48.2 t of pollutants.




3.2.2. Food Production


The total supply of food production ES decreased between 2007–2012, but on average increased between 2012–2017 (Figure 5A). Despite the increase in total planted area between 2007–2008 (2 241 ha; Figure 5B), total yield remains approximately the same during this period (Figure 5A).





3.3. Ecosystem Disservices and Drivers of Change


The overall accuracies for the burned areas classification for the different years were: 94% (2006), 96% (2010), 72% (2013), 81% (2014), 80% (2015), 94% (2016) and 98% (2017). Results show that the area burned decreased between 2010–2013 (Figure S1). In 2017, burned areas occupied a large part of the study area (Figure 6) and the land cover types that were most affected by fires were pastures (6717 ha).



We found that the veredas that identified fires as the two main ED and drivers of change, were those generally located near areas with the highest extension of burned areas (Figure 6 and Figure 7). Education was significantly related to the respondents who are living in the municipality and who chose fire as one of the main disservice (p = 0.03). We also found sex was significantly related to the respondents living in the municipality and who chose fire as one of the main drivers of change (p = 0.016), with females having the highest percentage of choice (53% females and 47% males). Fire occurrence in terms of area burned (ha) also does not appear to be driving both the supply of air purification (ρ = −0.14, p = 0.8) and food production (ρ = 0.26, p = 0.6) ES during 2006–2017.




3.4. Governance


We found that most respondents could not identify any entities or institution that manage or regulate environmental activities in the municipality of Coyaima (66%); although 26% identified the Mayor’s Office and the regional Corporación Autónoma del Tolima (i.e., the regional government’s environmental regulatory entity). On the other hand, most respondents expressed interest in investing time for “stewardship” related activities (64%), specifically an average of 3.5 h per month in activities such as planting trees and restoring watersheds. However, some respondents were not willing to participate (31%) because of health and time limitations or because they were seasonal residents in the municipality. Finally, 64% of the respondents would be willing to participate with environmental entities (e.g., the Mayor’s Office, the regional environmental entity), in shared governance activities.



In terms of demographics, we found that 44% of women and 56% of men would participate in some type of stewardship activity. Younger people between <18–30 years would participate predominantly in tree plantings and recycling. In general, men would dedicate an average of 5.2 h per month towards planting trees and 4.8 per month towards agricultural activities without the use of agrochemicals. Both of these activities are key to maintaining the supply of ES such as air purification and food production. However, only 26% of respondents whose occupation is agriculture would participate in agriculture activities without the use of agrochemicals. Although we also found that the majority of older respondents (>60 years) not would participate in activities related to the care of nature (66%), because of health condition and lack of time.





4. Discussion


An interview-based, in-person survey was used in this study to identify and spatially analyze the most relevant and important ES, ED and drivers of change in a less populated rural municipality in Colombia. Respondents primarily valued ES that offer basic goods and services that are necessary for improved well-being (i.e., clean air, food, and water). We estimated that the two pollutants most removed by forests are PM10 and ozone (Figure 4). Overall ES food production, during the last five years, has increased in Coyaima (Figure 5). Although previous studies in mostly rural areas in temperate climates have found that people prioritize provisioning over regulating ES [33], in Coyaima we found the opposite, as air purification (Figure 2A) was the regulating ES considered most important. One possible reason are frequent episodes of smoke emissions from frequent fire activity in the municipality. In addition, this can be possibly due to the influence of ES preferences of the respondents who live in urban versus more rural areas (55% rural and 44% urban; Table 2) as urban residents in Colombia seem to prioritize regulating over cultural ES [34]. Similarly, citizens who live in urban areas tend to disconnect their personal well-being from the environments that support life and perceiving ecosystems as factors external to them, e.g., provisioning ES (e.g., food production) are perceived with less importance despite their relevance [33].



Oteros-Rozas et al. [14] report similar findings to this study in rangeland agroecosystem where anthropogenic activities dominate. The authors identified 34 ES crucial for people, and three were more important for their well-being: fire prevention, air purification and livestock. However, fire prevention per se is not an ES under current typologies [35] and this might be further evidence of the lack of knowledge or awareness by citizens of ecosystem processes. Although, in Coyaima respondents did not identify fire prevention as ES, they identified fires as an ED (Figure 2), indicating that people recognize the effects that fires have on human well-being (i.e., smoke emissions). Although, respondents might not be aware that farmers and ranchers regularly use fires as a beneficial management practice to supply provision ES, e.g., to induce pasture regeneration. On the other hand, the ED reported here differ from those found by Aldana et al. [4], despite having the Colombian tropical dry forests ecosystem in common; which is possibly due to Aldana et al.’s results being based on the perception of experts, while in this study focused on mostly non-expert respondents.



However, fear of crime (e.g., assaults, burglaries, etc.) was the fourth most frequently reported ED and fear of wildlife (e.g., biting snakes and scorpions, fear of jaguars, bears and other large mammals) was also reported (Figure 2). Such ED have also been reported in more peri-urban areas in Colombia [2,7,34] and are likely also relevant in other more tropical areas. In terms of ES-governance, other issues that have also been identified in Colombia, but were not explored in this study, are transparency and lack of confidence in government institutions as well perceived corruption by the citizens [34].



Fires were expected to have a negative relationship with respect to the supply of the air purification ES, since conversion of forests to agricultural areas often uses slash and burn practices [8]. However, a significant correlation was not found between burned areas and air purification, likely because the practice of fire is carried out on shrubland and pasturelands, and thus, have a minor effect on deforestation in the municipality of Coyaima. A regional scale evaluation would be necessary to allow a deeper understanding of the dynamics between fires and land cover conversion and degradation [14]. Overall, the areas burned in 2017 were mostly rangeland pasture areas [16]. However, the complex relationships between livestock grazing, the use of fires to improve pastures, and deforestation drivers of change need to be further investigated. Finally, we found no significant correlation between the amount of crop area and overall productivity (Rho: 0.2, p-value = 0.5), therefore, food production is likely being influenced by other factors (e.g., technology, agro-chemical inputs, improved agricultural practices).



Contingency plans for the prevention, management, and control of forest fires and slash burn practices were not available until 2014 for the municipality [36], and are necessary as demonstrated by respondents in the veredas, who identified fires as one of the three main perceived ED (Figure 6). Similarly, in terms of governance opportunities exist for incorporating traditional knowledge in environmental and natural resource management, planning processes and overall governance in Colombia [12,34]. Recently, the participation of indigenous communities in land management has become more visible, as these communities are achieving recognition by the State as territories that can adopt forms of self-government and adaptive management regimes [37]. Thus, participatory valuation and governance processes are key for decision-making concerning planning in indigenous lands, where the State must include the participation or prior consultation of indigenous communities [12].




5. Conclusions


This study presents an approach for identifying, quantifying, and mapping the community’s most important ES, ED and drivers. Processes that are not only important for the conservation of neotropical dry forests, but also for more sustainable and equitable municipal and regional planning strategies. However, we do not some study limitations. First, we were not able to interview key stakeholders in every single demographic or vereda in the study area. Similarly, we did not ask respondents to assign supply levels to the ES and ED they identified as important. Knowing how much ES and ED supply—and to whom—would have been interesting to study to better explore issues of equity, sustainability, and assessing respondent’s cognitive ability in identifying and understanding complex ecological processes. Another limitation was our proxy-based approach for quantifying the air purification ES. Our approach was based on proxies of annualized air pollution removal estimates from temperate urban forests outside of Colombia, thus not reflecting necessarily the tropical dry forest and air pollution characteristics of Coyaima. Most importantly, the use of such annualized air pollution removal proxies does not account for episodic fire-caused smoke emissions that directly affect citizen well-being.



That being said, this and other future research is a baseline and could be used towards assessing socio-culturally perceived trade-offs and synergies among ES-ED by citizens and the influence of other drivers of change. Such information regarding the community’s awareness of fire and the recognition of the importance of sustainable forest management practices and planning of ES provided by forests, or addressing their ED, is key for the conservation of tropical dry forest.



The results of studies such as ours demonstrate how a priori qualitative methods can be used to complement biophysical modelling of ES and ED, specifically by identifying relevant ecosystem processes and concerns to local stakeholders. In doing so, planners can more effectively manage small tropical cities as well as adjacent forests and improve community well-being in contexts lacking environmental data. As such, this approach represents a relevant example to better identify relevant ES and ED with respect to the needs and context of a local study area from various perspectives.



Indeed, there is a need in municipalities such as Coyaima to address the ongoing loss in the supply of the air purification ES, due to historical loss of adjacent tropical dry forests and because of the chronic emissions of air pollutants due to existing burning practices. In addition, climate change literature reports scenarios of future decrease of relative humidity and increase in minimum and maximum temperatures in the Tolima Department, where Coyaima is located, which could in turn affect fire effects and crop yield [38]. Our study also identified a willingness by the respondents to participate in the co-management of the municipality’s land and environment along with governmental entities. As such, we hope this study and future collaborative efforts between the government with the Pijao indigenous community can establish the basis for synergies and opportunities for more sustainable environmental planning practices.
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Figure 1. Study area: (A) Tolima Department (red) in Colombia; (B) Municipality of Coyaima (green) within the Tolima Department, red; (C) land use land cover of Coyaima municipality [15]. 
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Figure 2. (A) The main ecosystem services and (B) main ecosystem disservices identified by respondents in Coyaima, Colombia (n = 361). 
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Figure 3. Drivers of ecosystem change reported in Coyaima, Colombia and the number of respondents. We report the percent total responses for the two most reported drivers (n = 361). 
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Figure 4. (A) Trends in the supply of the air purification ES in the municipality of Coyaima, Colombia during 2005–2017.CO: green, NO2: orange, O3: red, PM10: blue, PM2.5: brown, SO2: purple, and total: black. (B) Loss of forest cover (ha) during 2005–2017 in Coyaima, Colombia. 
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Figure 5. (A) Supply of the ES food production between 2007–2017 in Coyaima (t/ha). (B) Total area planted for the five crops listed, in Coyaima, Colombia (Note: data unavailable for 2005 and 2006). 
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Figure 6. Veredas (thin black line polygons) that identified fires as a key ecosystem disservice in Coyaima (thick black line polygon), Colombia. Note: the number of burned hectares (BH) in 2017 and the number of people (NP) in each vereda who identified fires as the main ecosystem disservice in the survey are also reported. 
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Figure 7. Veredas that identified fires as one of the main drivers of change in Coyaima, Colombia. Note: the number of burned hectares (BH) in 2017 and the Number of People (NP) in each vereda who identified fires as the main driver of change in the survey are also reported. 
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Table 1. Estimated rates of annual pollution removal by forested areas (g/m2) used in our modelling methods (see Section 2.3).
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	Pollutant
	Minimum

(g/m2)
	Average

(g/m2)
	Maximum

(g/m2)





	CO
	0.1+
	0.4
	NA



	NO2
	0.5
	0.7
	1.5



	O3
	1.6 *
	4.8 *
	8.4 *



	PM10
	2.2 *
	5.6 *
	8.7 *



	PM2.5
	NA
	0.3 +
	NA



	SO2
	0.4
	0.6
	1.6



	Total
	4.8
	12.1
	20.2







Note: The proxy removal rates are based on * Mexico City, + USA and Santiago de Chile (See [25,26,27]).
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Table 2. Characteristics of the surveyed population in Coyaima, Colombia.
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Category

	
Characteristics

	
People

(n)

	
Proportion

(%)






	
Sex

	
Male

	
167

	
46




	
Female

	
194

	
54




	
Age

	
<18 years

	
51

	
14




	
18–30

	
104

	
29




	
31–45

	
86

	
24




	
45–60

	
81

	
22




	
>60

	
39

	
11




	
Education

	
None

	
18

	
5




	
Preschool

	
10

	
3




	
Primary school

	
88

	
24




	
High school

	
177

	
49




	
Technician

	
39

	
11




	
Professional

	
29

	
8




	
Occupation

	
Agriculture

	
34

	
9




	
Commerce

	
85

	
23




	
Government

	
18

	
5




	
Transport

	
18

	
5




	
Education

	
12

	
3




	
Health system

	
6

	
4




	
Household management

	
83

	
23




	
Various trades

	
24

	
6




	
Others or none

	
81

	
22




	
Affiliation with an indigenous reservation/council

	
Indigenous reservation

	
175

	
48




	
Indigenous council

	
13

	
4




	
None

	
173

	
48




	
Place of Birth

	
Coyaima

	
217

	
60




	
Other

	
144

	
40




	
Place of

residence

	
Coyaima

	
274

	
75




	
Other place

	
87

	
25




	
Rural or urban residence

	
Rural

	
152

	
55




	
Urban

	
122

	
45
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Table 3. Estimated annual amount of air pollutants removal in tons (t) from forest cover in the Coyaima Colombia from 2005 to 2017. Minimum and maximum values are reported in parentheses.
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Annual Air Pollution Removal (t)

	




	
Year

	
CO

	
NO2

	
O3

	
PM10

	
PM2.5

	
SO2

	
Total






	
2005

	
5.35

(1.35–n/a)

	
9.36

(6.69–20)

	
64

(21–112)

	
74

(29–116)

	
3.5

	
8.0

(5.3–21)

	
164.3




	
2010

	
4.04

(1.02–n/a)

	
7.07

(5.05–15)

	
48

(16–84)

	
56

(22–87)

	
2.7

	
6.0

(4.0–16.1)

	
123.8




	
2012

	
3.97

(1.00–n/a)

	
6.95

(4.96–14.9)

	
47.6

(15.9–83)

	
55.6

(21.8–86.3)

	
2.65

	
5.95

(3.97–16)

	
122.7




	
2013

	
3.95

(0.99–n/a)

	
6.91

(4.94–14.8)

	
47.4

(15.8–82)

	
55.3

(21.7–86)

	
2.63

	
5.92

(3.95–15.8)

	
122.1




	
2014

	
3.92

(0.99–n/a)

	
6.87

(4.91–14.7)

	
47.1

(15.7–82)

	
54

(21.6–85)

	
2.62

	
5.89

(3.92–15.7)

	
120.4




	
2015

	
3.85

(0.97–n/a)

	
6.74

(4.82–14.4)

	
46.2

(15.4–80)

	
53

(21.2–83)

	
2.57

	
5.78

(3.85–15.4)

	
117.8




	
2016

	
3.76

(0.95–n/a)

	
6.59

(4.71–14.1)

	
45.2

(15.1–79)

	
52.7

(20.8–82)

	
2.51

	
5.61

(3.76–15.1)

	
116.4




	
2017

	
3.76

(0.94–n/a)

	
6.58

(4.70–14.1)

	
45.1

(15–78)

	
52.6

(20.6–81)

	
2.50

	
6.64

(3.76–15)

	
116.1
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