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Abstract 
Payments for watershed services programs (PWS) have become a prominent tool to protect ecosystems and hydrological services but little is known about where these innovative financing tools and governance systems emerge and persist. In 2008, the Mexican government started a program where they match funding from local partners to establish user-financed PWS programs, leading to the creation of 145 programs between 2008 and 2019. We study the factors that led to the emergence and persistence of these local PWS programs across Mexico. We assemble a unique database on these programs, as well as biophysical, economic and socio-cultural, and institutional variables, at the municipality level. We use logistic regression to analyze the variables that led to the emergence and persistence of PWS. We find that PWS programs are more likely to emerge in municipalities with lower opportunity costs; that are wealthier and more populated; that have complementary conservation programs; and that have more collective land tenure and protected areas. PWS programs are more likely to persist in municipalities with poorer water quality and more floods; that have more protected areas; and that have a non-governmental organization or water utility involved as the local counterpart. These results suggest that the emergence and persistence of local, user-financed PWS could be facilitated through better information on the condition of watershed services to signal need for hydrological protection; capacity building and institutional strengthening efforts that provide the social capital needed for collective action; and involvement of decentralized non-state actors that are politically neutral and can provide more sustainable financing. 



 



Introduction
Increasingly, water security and water-related hazards are being addressed through investments in nature-based solutions (NBS), especially around urban areas [1,2]. NBS for water security differ from engineered solutions by stressing the conservation or restoration of forests and other natural ecosystems to maintain, regulate, or improve water quality and/or flows [3]. NBS reflect new paradigms about the relationships between people and nature and utilitarian views about the role of natural capital and ecosystem services. As part of this paradigm, new approaches to water management, in the form of payments for watershed services (PWS) programs—a specific type of payments for ecosystem services (PES)—or investments in watershed services (IWS), have emerged over the last two decades. There are approximately 387 PWS programs worldwide categorized as either government- or user-financed [4]. The latter occur through either collective action funding—the pooling of resources from public, private, and civil sector actors—or bilateral agreements. Understanding why PWS solutions to water security emerge and persist can generate lessons about the enabling conditions that are needed to expand the use of NBS for water security [5,6,7,8]. Additionally, it can help identify factors that lead to the success of programs over time, increasing the return on these financial investments. Finally, a better understanding of where PWS programs operate can explain the types of efficiency, effectiveness, and equity outcomes that are occurring, and can inform future program designs to enhance these outcomes [9]. 
In this paper we provide the first intra-country quantitative analysis of the factors that lead to the emergence and persistence of PWS programs. We answer the following research questions: (1) What factors lead to PWS emergence? and (2) After PWS programs emerge, what factors are correlated with the persistence (versus failure) of a program? We study Mexico, a country well-known for having developed one of the first government-financed national PWS programs in 2003. Here we focus on the country’s lesser-studied collective-action funded mechanism for PWS (known as Mechanismos Locales de Pago por Servicios Ambientales-Fondos Concurrentes [MLPSA-FC] in Spanish), which has been the main form of PWS expansion in the country since 2008. This collective-action PWS program was developed by the National Forest Commission (CONAFOR) to generate more funding for water security, ensure greater participation by local actors, and allow programs to be more responsive to local conditions. CONAFOR pays up to 50% with local partners paying remaining costs. This PWS mechanism enrolled more than 800,000 ha between 2008 and 2019 across the country, with local partners including state and municipal governments, non-governmental organizations (NGOs), water utilities, and private firms [10]. Local partners determine the criteria for selecting participants and setting payment amounts, with fewer restrictions on where programs can be established compared to the national PWS program. In essence, the government set up a natural experiment that allows us to test where PWS programs emerge and persist by providing half the funding needed to start these governance approaches. 

Enabling Conditions for PWS
Socio-ecological enabling conditions were identified from a literature review of PES programs around biophysical, economic, governance, and socio-cultural themes [6]. These four themes, and 15 enabling conditions within them, were used in a random forest model to explain the emergence of PWS programs across >400 of the world’s largest cities using watershed boundaries [7]. The authors list the 15 enabling conditions by their relative importance in determining whether a large city has a PWS program or not. Threats to water security, measured by the extent of agricultural land and protected land in a watershed, were found to be the most important factors explaining PWS presence in large cities: more agricultural land was positively related to PWS while more protected areas were negatively related to PWS. More drought occurrence led to PWS emergence in U.S. cities but was not as important globally. A negative relationship was found between population of cities and PWS emergence. Annual GDP growth was positively related with PWS emergence in non-U.S. cities, which the authors relate to user’s willingness to pay. Additionally, land tenure security was positively associated with PWS emergence across all cities. 
A similar question about PWS emergence was conducted at a country level using administrative boundaries, focusing on 64 pan-tropical countries across Africa, Asia, and Latin America [8]. While several countries had multiple PWS programs, the authors focused on the binary outcome of having any PWS program or not, and used logistic regression to explore relationships between economic, institutional, and physical-geological variables and PWS emergence. Higher deforestation rates were positively correlated with country-level PWS emergence. While higher flood occurrence was positively related to PWS emergence at a country level, higher water quality and quantity were also positively correlated with PWS emergence, suggesting supply side factors, in terms of availability of watershed services, drove emergence more than demand side factors, in terms of demand for watershed services by beneficiaries. Rougher topography was also positively related to which countries had a PWS program, which the authors relate to the opportunity costs of PWS programs. However, this biophysical measure can also proxy for water-related hazards like erosion and flooding [9]. Population concentration was positively related to emergence at the country level, but GDP was not statistically significant. Finally, land tenure security had a positive correlation with PWS emergence at the country level. 
While these global results provide insight into the emergence of PWS programs, regional or intra-country analyses can help verify these results by reducing the number of unobservable factors that can bias observational studies and by studying PWS programs that originate from the same policy mechanism. Additionally, neither of these global studies consider which factors influence persistence—versus failure—of PWS programs after they emerge. The question of persistence is important for understanding the return on investment following initial start-up costs of PWS programs and ecological success since hydrological responses are a long-term endeavor. 

Methods
Dependent variables and sample sizes
We assembled an original database of local PWS programs using data from CONAFOR including unique contracts, information on the local counterpart, number of participants, area enrolled, and payment amounts. We organized contracts by unique PWS program based on consistency in the names and locations of the contracts, and then verified our list with CONAFOR. We identified 145 unique PWS programs between the years 2008 and 2019 that focused exclusively on hydrological services. As of 2019, only 60 of these programs remained active. The average length of operation for a PWS program was seven years. The average number of contracts per program was two, with a range of one to seven. The length of contracts ranged from one to 15 years with a median of five years. 
Most local PWS programs in Mexico are organized around municipality or micro-watershed boundaries relevant to the hydrological service beneficiaries. We used municipality boundaries to spatially attribute a PWS program to a specific location for this study because data for most independent variables were only available at this level. In 2008, there were 2,456 municipalities, including the 16 boroughs of Mexico City, across 32 states. We spatially defined where payments were being made in the 145 local PWS programs based on shapefiles obtained from CONAFOR (Figure 1). We asked CONAFOR whether there were municipalities that contributed funding to a PWS program but did not contain areas receiving payment, and they identified two cases where this occurred. We manually coded these municipalities as having a PWS program. Since several of the 145 PWS programs span multiple municipalities, our final sample includes 260 municipalities with at least one local PWS program between the years 2008 and 2019. Only four of 32 Mexican states had no local PWS programs during this time. 
To answer research question one about emergence of PWS we only considered the binary outcome of whether a municipality had a local PWS program or not. If a program was in operation anytime between 2008-2019 the municipality was labeled “1” (N=260), otherwise it was labeled “0” (N=2,194). While it would be ideal to have municipalities that applied to the PWS program but were rejected as the “controls”, CONAFOR informed us that only a handful of applications had ever been rejected. To answer the second research question on persistence of PWS programs, we only considered PWS programs that had started by 2014 to ensure they had time to renew their contracts. The choice of 2014 was based on the median contract length of five years. Of the 260 municipalities that ever had a PWS program, 170 had a PWS program that started by 2014, and of these 170, only 50 remained in existence as of 2019, labeled as “1” in the analysis; all others were labeled as “0”. 

Independent variables, definitions, and hypotheses 
Drawing on the two global studies [7,8], we organized 14 independent variables into three themes: (1) biophysical (7 variables), (2) economic and socio-cultural (3 variables), and (3) institutional (4 variables). For each variable, we sought data close to 2008 to capture the conditions before the local PWS program was started (Table 1). 
Under the biophysical theme, we included water quality and reported incidences of drought and floods. Higher frequency of drought or floods and poorer water quality could increase the probability of emergence or persistence if demand side factors—in terms of users demand for better watershed services— are important, but it could be opposite if supply side factors—in terms of having sufficient watershed services—are more important to PWS programs. We included a measure of deforestation in the municipality, with higher deforestation expected to correlate with starting and maintaining a PWS program. The extent of agriculture and pastureland in the municipality were included for similar reasons: more land in these extents might signal greater pressure on forest resources and threats to water security and thus more likelihood of PWS. Finally, we included a measure of terrain ruggedness to capture both opportunity costs of land and important hydrological processes; the expected influence was positive for program emergence and persistence. 
Under the economic and socio-cultural theme, we included a national multidimensional poverty index. Poverty could have a negative influence on PWS emergence and persistence if it reflects difficulty in funding a PWS program, especially if there is more urban poverty, or it could be positively correlated if it signals lower opportunity costs to get landowners involved in a program because it captures rural poverty. We included a measure of GDP per capita to similarly gauge willingness to pay/accept in a PWS program. Like poverty, it could capture the positive relationship between financial capital and willingness to pay, or a negative relationship between economic productivity and high opportunity costs, and thus low willingness to accept conservation. Finally, we included a count of the number of cities and localities in a municipality that had more than 2,500 persons; depending on the location of that population it could signal more demand for PWS or could capture scarcity of land for PWS programs. 
Under the institutional theme, we included measures of land tenure and conservation policies that could be complements (enabling PWS) or substitutes (used in place of PWS) to a local PWS program. While we did not have a measure of land tenure security for Mexico, we included land tenure form. Mexico has both private and collective, or ejidal, tenure systems, and we included a dummy variable to control for private land tenure expecting a negative correlation with PWS programs since ejidal communities are targeted for participation in the national PWS program due to lower transaction costs [12]. We included the percent of all natural protected areas (NPA); the relationship with the local PWS program was considered ambiguous. NPAs could be a substitute to PWS, or since Mexico has explicitly promoted PWS within or adjacent to such areas to help compensate for restricted access to resources, there could be a positive correlation. We included a measure of the percent of all national PES programs in a municipality between the years 2003-2008 (which included payments for water, biodiversity, agroforestry, and carbon during these years). National PES payments could positively influence local PWS programs if previous institution building leads to PWS emergence and persistence; or if the two programs are considered substitutes, then more national PES payments could negatively influence local PWS emergence. We also included a private effort led by one NGO known as the “Watersheds and Cities” program. It started in 2001 and was designed specifically to foster an interest within cities to protect their water resources by building capacity; the presence of this program was expected to foster an interest in developing a local PWS program.  
In the analysis of persistence, we included an additional variable on the type of local operator. This variable captures the type of counterpart that signed the PWS contract and that is responsible for providing 50% of the local PWS funds and operating the program. We coded information on counterparts into five dummy variables, one for each of the following counterparts: state government, municipal government, NGO (domestic or international), private industry, and water utility. A municipality can be associated with more than one counterpart if there was more than one type of operator listed for a specific program or if there were multiple PWS programs in that municipality with different types of operators. 

Data Analysis
The variables in Table 1 were summarized and t-tests and normalized differences in means conducted to look for differences across PWS and non-PWS municipalities. Correlation tests confirmed the absence of multicollinearity across all included variables. To analyze research question one, we used backwards stepwise logistic regression models with a cutoff of 90% to select variables from Table 1. We report odds ratios and robust standard errors. An odds ratio greater than one indicates a positive relationship; an odds ratio less than one a negative relationship. This analysis was done for (1) the full municipality sample, with and without dummy variables for the seven ecoregions in Mexico to further reduce unobservable bias in terms of hydrological conditions and land productivity, and (2) for a reduced sample that only included programs that started by 2014, again with and without ecoregion dummy variables. Similarly, to understand what factors influence the persistence of PWS we used backwards stepwise logistic regression with a cutoff of 90% for programs that started by 2014, with and without ecoregion dummy variables. While panel data is available on when PWS programs emerged and stopped in Mexico, we do not use panel data methods (e.g., an event study) in this analysis because only four of the 14 independent variables in Table 1 have annual data available, limiting what we could conclude in terms of explanatory factors. 

RESULTS
Summary Statistics 
Municipalities with a local matching PWS program in Mexico had on average more rugged terrain, lower deforestation rates, less pastureland, and fewer flood declarations (Table 2). There were no statistically significant differences in the extent of agricultural area, the number of drought declarations, or water quality. Within the economic and socio-cultural variables, municipalities with PWS programs had on average higher GDP per capita and more localities and cities but there was no statistically significant difference in multidimensional poverty rates. All four institutional variables were statistically different: municipalities with PWS programs had on average a greater percent of their area in a national PES program and within NPAs, were more likely to be part of the Watersheds and Cities program, and had less area in private land tenure.
Summarizing from the CONAFOR database for the 145 local PWS programs that emerged since 2008, the mean payment was $2,393 pesos per ha ($118 USD per ha in 2021) and median payment was $2,099 pesos per ha ($103 USD per ha in 2021). The counterparts for these programs were: municipal government (37%), NGO (25%), state government (18%), private industry (14%), and water utility (6%). Most programs only listed one local counterpart, with a maximum of three partners listed on a contract. The mean number of land managers receiving payments across the 145 PWS programs was 18. While this may seem low, many contracts are made with ejido leaders to protect large tracts of collective forestland in Mexico [8].

Emergence of PWS 
Three biophysical variables are statistically significant at the 90% level or greater: terrain ruggedness, deforestation, and extent of agriculture (Table 3). Municipalities with more terrain ruggedness and more agricultural area are more likely to develop a local PWS program. However, agricultural area was only statistically significant in one model. Having a higher deforestation rate is negatively correlated with emergence of a PWS program in most models. All economic and socio-cultural variables are statistically significant. Higher GDP per capita and a larger number of localities and cities both result in higher odds of developing a local PWS program. Higher rates of multidimensional poverty, however, decrease the odds of having a PWS program; this variable is not statistically significant in the 2014 sample. Institutional variables influence the emergence of local PWS programs in Mexico, with the presence of other conservation programs—NPAs, national PES, and Watersheds and Cities—all complementing PWS emergence. Private land tenure is negatively associated with the emergence of local PWS programs. 

Persistence of PWS 
Terrain ruggedness is weakly statistically significant with a positive influence on PWS persistence (Table 3). Agricultural extent is statistically significant and negatively influences PWS persistence. Flood occurrence and water quality both become statistically significant in explaining PWS persistence, with more floods and poorer water quality associated with maintaining a PWS program. GDP per capita is statistically significant in explaining the persistence of a local PWS program only when ecoregion dummy variables are included. Private land tenure negatively affects persistence of PWS programs in one model. Presence of NPAs positively influences the persistence of local PWS, whereas national PES payments do not influence persistence. The Watersheds and Cities program is statistically significant when ecoregion dummy variables are included, with a positive influence on persistence. Four of the five counterpart dummy variables are positively correlated with persistence of PWS when ecoregion dummy variables are included, but only two counterparts remain statistically significant when ecoregion dummy variables are included. Specifically, NGOs and water operators have large odds ratios and are statistically significant at the 99% confidence level across both models. Municipal government and industry counterparts are positively correlated with persistence when ecoregion dummy variables are not included, but with lower odds ratios than NGOs and water utilities, and 95% and 90% confidence levels, respectively. 

Discussion
Our intra-country analysis of Mexico’s local PWS programs supports global analyses on the factors that lead to emergence but also show contradictions specific to Mexico that might translate better to other tropical countries. Related to biophysical factors, PWS tend to emerge in places with lower opportunity costs, as proxied by terrain ruggedness. This is in line with PES theory that these types of programs are not competitive in areas of high opportunity cost because payments cannot compete with more productive land uses [13]. Land uses, used as a measure of threats to watershed services, show mixed results in explaining emergence. While higher deforestation rates were associated with emergence in a multi-country analysis [8], in Mexico, lower deforestation rates are correlated with emergence. This is not surprising given that evaluations of Mexico’s national and local PWS programs indicate that PWS payments typically go to lands at lower risk of deforestation, thus lowering payment additionality [12,14,15,16]. However, agricultural extent has a positive association with PWS presence in Mexico; this was also the case in a global city analysis of PWS emergence [7]. In two global analyses, watershed metrics were correlated with PWS emergence [7,8] but these metrics had no influence on PWS emergence in Mexico. This could reflect limitations in the hydrological data used—reported disaster incidences versus biophysical measures—and the municipality scale used for these data. 
Under economic and socio-cultural conditions, the financial ability to pay for PWS programs determines where they emerge across Mexico. In our study measures of both GDP per capita and multidimensional poverty indicated that wealth was important, but we are limited by our municipality-level variables to know whether it is urban or rural conditions that drive these relationships. The sign on GDP per capita suggests that higher economic activity in a municipality leads to more ability to pay; GDP per capita was also related to PWS emergence in non-U.S. cities in a global analysis [7]. Poverty is negatively related to PWS emergence in Mexico; this variable was not included in previous studies. We also find that municipalities with more localities and cities are more likely to have PWS, most likely picking up population size downstream and thus demand for watershed services. Population spread, or unevenness, was important to PWS emergence in a multi-country study of PWS emergence [8]. 
	For institutional variables, two global analyses highlighted the role of land tenure security [7,8], and this enabling condition is highlighted consistently in the PES literature [17]. Tenure form can also influence PWS emergence, and in Mexico collective tenure systems are more likely to have PWS contracts [12]. This is related to strong environmental and social motivations toward forest protected by ejiditarios, the fact that ejido lands cover more than two thirds of existing forest cover in the country, and because working with ejidos can lower the transaction costs of PWS programs [18]. The presence of other conservation policies and programs appear to act as complements to local PWS emergence in Mexico. Our result for NPAs is opposite of an analysis of global cities [7], but in Mexico, PES payments are often made to communities living within NPAs and in buffer zones to offset the costs of conservation faced by local communities. The national PES program and the Watersheds and Cities program also act as complements, most likely because they provided capacity building and institutional strengthening for local actors to be able to implement a local PWS mechanism. 
We find that the factors explaining PWS persistence are not the same as those explaining PWS emergence. Under biophysical factors, terrain ruggedness and deforestation do not remain important in explaining persistence of PWS programs. Agricultural extent remains statistically significant in both cases; however, agricultural extent has a negative relationship with persistence of PWS programs. One explanation for this is that while threats to watershed services from agriculture help initiate PWS responses, PWS programs may not be able to achieve their goals of protecting or restoring hydrologically important areas at certain thresholds of agricultural land use due to higher opportunity costs. Two measures of watershed services are related to PWS program persistence and with large odds ratios. Specifically, PWS programs appear to persist in areas with more reported flood incidences and with poorer water quality, suggesting that demand side factors for watershed services are important to persistence. Thus, if people are aware of water quantity and quality issues, there might be sustained support of PWS programs. Economic and socio-cultural factors, while important to emergence, did not play a role in whether a PWS program persists. This suggests that once the initial willingness to pay and demand for the program is established, it is sufficient for longer-term success. However, we did not consider expansion in size of PWS programs, which might require additional financial resources. Related to institutional factors, private land tenure and NPAs remain statistically significant and positively influence the continued operation of local PWS programs. Like emergence, this may be related to the land tenure forms where PWS programs are being directed and adopted in Mexico. However, institutional variables capturing capacity building and institutional strengthening—the national PES program and Watersheds and Cities program—have mixed results with only the capacity building Watersheds and Cities program remaining positive and significant when the ecoregion dummy variable was included.
In terms of the role of local counterparts to PWS success, we find that PWS programs are more likely to persist when NGOs, both local and international, or water utilities, are involved in funding and operating the program. NGOs are often more locally situated and politically neutral than other counterparts [19]. It is less common for water utilities to be the operator of local PWS programs in Mexico, and this may be linked to issues of trust by the general population or that water utility operators are not convinced that NBS are effective compared to engineered solutions. However, when they are involved, they seem to lead to successful PWS programs, perhaps because they can fund programs through water bills that lead to more sustainable funding sources. Having the local operator be a private industry or municipal government was also positively related to persistence in one model, but with smaller odds ratios and weaker statistical significance, and was not statistically significant once the ecoregion was controlled for. Having the state government act as the local PWS program operator had no effect on PWS persistence, suggesting that more centralized actors are not as effective as decentralized operators. In Mexico, there is a tendency for incoming politicians to reject programs started by previous leaders, especially when there is a change in party. 
Our intra-country analysis has many advantages over multi-country and global analyses by minimizing unobservable bias, controlling for the policy mechanism leading to PWS, and addressing the question of persistence in addition to emergence. However, it relies on secondary data and could miss harder to measure factors important for emergence or persistence. We asked CONAFOR what factors they thought were important for emergence and persistence and the three important enabling conditions they identified were: (1) financial resources, (2) social capital, and (3) environmental motivations. Financial resources are related to the ability to leverage and efficiently allocate funding over time. In our analysis, our secondary measures of GDP per capita and poverty indicate that municipalities that have access to more wealth are more likely to have a PWS program emerge. Social capital captures the organizational capacity of local users and hydrological service providers and is related to collective action. It also includes the ability to transparently manage funding. An empirical study of Mexico’s matching PWS program found that social capital is key to coordination and program creation [20]. In our secondary measures, the presence of the Watersheds and Cities program and the national PES programs help proxy for the role of social capital on the initial emergence of PWS programs in our sample. CONAFOR identified environmental, or non-financial, motivations as occurring both through upstream landowners and through individuals within local government pushing for conservation. There are no direct secondary variables in our analysis that account for these non-financial motivations, but these motivations have been found to be important in other studies of PWS emergence and success [21,22]. We also presented the results from this paper to CONAFOR for their comments; the only result they disputed was the lack of influence of hydrological variables to PWS emergence. In their own surveys of PWS counterparts, they have found that hydrological ecosystem services are mentioned as the main driver for creating a PWS program. 
The factors that lead to PWS emergence and or persistence have policy design implications and help shed light on the efficiency, effectiveness, and equity of existing PWS programs. First, PWS programs are more likely to appear where there are lower opportunity costs, which fits the theory but also indicates lower additionality. To increase additionality, higher payment amounts will be needed to compensate opportunity costs in more hydrologically sensitive areas. Second, more supply of watershed services appears to influence emergence in global PWS studies, possibly signaling that PWS is used as a proactive policy measure or because below a certain threshold, investing in PWS does not make sense. This was not the case in this study but might be a result of the variables available; however, measures of water security did influence persistence of PWS in Mexico. This suggests that more investments in monitoring and reporting on actual watershed metrics could be important to the long-term success of PWS programs [23]. Local PWS operators in Mexico have the option of channeling up to 7% of matched funds to water monitoring, but very few programs do this. Third, PWS programs tend to emerge in places that have more wealth and can pay for these types of programs, but this also signals an inequity in where PWS can be a solution to water security issues [24]. In the case of Mexico’s matching funds program or other programs, experimenting with a differentiated approach to providing matching funds based on need or using an approach that scales funding back over time, i.e., starts with more national support that decreases over time, might allow more areas where PWS would be beneficial to emerge. Of course, more flexible rules could increase transaction costs and may not be perceived as fair by local participants. Fourth, institutional strength or social capital are critical for PWS emergence and persistence, highlighting the need for external capacity building efforts, like the Watersheds and Cities program in Mexico, to occur before PWS solutions. Finally, involvement of more decentralized actors, like NGOs and water utilities, in funding and operation appears key to the long-term success of local PWS initiatives, suggesting that more public-private partnerships are needed for watershed sustainability. 
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Figure 1. Municipalities with local matching fund PWS programs in Mexico between 2008-2019. 
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Table 1. Independent Variable Definitions, Hypothesized Relationships, and Data Sources
	Variable
	Description
	Expected sign
	Source (Spanish acronym)

	Biophysical

	Terrain ruggedness
	Mean terrain ruggedness (2013). The ruggedness index captures small-scale terrain irregularities by estimating the differences in elevation across cells.
	+
	National Institute of Statistics, Geography, and Informatics (INEGI)

	Drought1
	Number of drought disaster declarations reported at the municipality level from 2000-2008. Binary variable, where 0=no declaration and 1=any declaration.
	+/-
	[bookmark: _Hlk82704401][bookmark: _Hlk82704419]National Center of Disasters (CENAPRED)

	Flood2
	Number of flood disaster declarations reported at the municipality level from 2000-2008. Binary variable, where 0=no declaration and 1=any declaration.
	+/-
	National Center of Disasters (CENAPRED)

	Water quality 
	Water quality data from 2012 was derived from more than 4,000 site measurements and contains several indicators, including suspended solids, fecal coliform levels, dissolved oxygen, and toxicity. Point data were converted into a raster using inverse distance weighted interpolation. The values are 1=excellent quality, 2=acceptable quality, 3=heavily contaminated.
	+/-
	[bookmark: _Hlk82703943]National Water Commission (CONAGUA)

	Deforestation 
	The cumulative percent forest loss between 2002 and 2007 was calculated using forest cover data (ha) for 2002 to 2007. 
	+
	National Institute of Statistics, Geography, and Informatics (INEGI)

	Agricultural land
	The percent of the municipality classified as agricultural land in 2007. 
	+
	National Institute of Statistics, Geography, and Informatics (INEGI)

	Pastureland 
	The percent of the municipality classified as pastureland in 2007.
	+
	National Institute of Statistics, Geography, and Informatics (INEGI)

	Economic & Socio-cultural

	GDP per capita
	The gross census value-added in 2008 (reported in millions of pesos) was used as a measure of economic growth. 
	+/-
	National Institute of Statistics, Geography, and Informatics (INEGI)

	Multidimensional poverty
	Thirteen indicators are used to measure multidimensional poverty, wellbeing, and social deprivation in Mexico; the unit is the percentage of poverty in the municipality (2010 data). 
	+/-
	[bookmark: _Hlk82705454]National Council for the Evaluation of Social Development (CONEVAL)

	Cities3
	The count of the number of localities and cities in 2010 with at least 2,500 persons. 

	+/-
	National Institute of Statistics, Geography, and Informatics (INEGI)

	Institutional

	Private tenure
	The percent of private land as of 2008.
	· 
	[bookmark: _Hlk82705754]National Agrarian Registry (RAN)

	Natural protected areas (NPAs)
	The percent of natural protected areas (federal, state, private, or communal) as of 2008.


	+/-
	[bookmark: _Hlk82706000]National Commission of Protected Areas (CONANP)

	National PES programs 
	The percent of lands receiving national PES program payments between 2003-2008. All payment modalities (carbon, water, agroforestry, and biodiversity) were summed. 
	+/-
	National Forestry Commission (CONAFOR)

	Watersheds and Cities program
	Binary variable if municipality had the Watersheds and Cities program by 2008.
	+
	[bookmark: _Hlk82706161]Mexican Fund for the Conservation of Nature (FMCN)

	Local PWS counterpart
	Five dummy variables representing the local PWS partner, where “1” represents presence of that counterpart and “0” absence. Counterparts include state government, municipal government, non-governmental organization, water utility, and private industry.
	

+/-
	National Forestry Commission (CONAFOR)


1We also tried a hydrological measure of drought hazard (CENAPRED) but this measure relied on rainfall deficit and was highly skewed toward the northern and more arid parts of Mexico, where there is less forest cover and fewer PWS programs. No statistical relationship with emergence or persistence were found. For drought disaster declarations we explored using the variable as a continuous variable (incidences ranged between 0 and 10, and 31% of municipalities had a value of 0) and as a categorical variable (0=no incidence, 1=1 incidence, and 2=>1 incidence), but only found statistical significance when used as a binary variable.
2We also tried a hydrological measure of flood risk (CENAPRED) but there was missing data for large parts of Mexico, making it difficult to include in the analysis without losing many PWS observations. For flood disaster declarations we explored using the variable as a continuous variable (incidences ranged between 0 and 6, and 90% of municipalities had a value of 0) and as a categorical variable (0=no incidence, 1=1 incidence, and 2=>1 incidence), but only found statistical significance when used as a binary variable.
3We also tried total population size of a municipality and presence of large cities (>100,000 persons) but neither variable showed a relationship with our dependent variables, and both were highly correlated with GDP per capita and had to be used separately in the regression models. This led to using the count of cities and localities with >2,500 persons in the analysis.  

Table 2. Summary statistics (mean and standard deviation) and differences in means between municipalities with and without local matching PWS programs
	Variable
	All Municipalities
	PWS Municipalities
	Non-PWS Municipalities
	Difference in Means  Reported as T-value1
	Standardized Difference in Means2

	Biophysical

	Terrain ruggedness
	33.73
24.53
	43.19
21.37
	32.62
24.65
	-6.627***
	-0.458

	Flood 
	0.09
0.29
	0.07
0.26
	0.10
0.30
	1.661*
	0.102

	Drought 
	0.68
0.46
	0.68
0.46
	0.68
0.47
	0.074
	0.004

	Water quality
	2.07
0.49
	2.11
0.44
	2.07
0.49
	-1.453
	-0.091

	Deforestation 
	8.19
10.65
	5.82
5.73
	8.37
11.05
	5.992***
	0.290

	Agricultural land 
	33.13
26.80
	31.40
21.46
	32.09
27.36
	1.393
	0.0822

	Pastureland 
	6.94
16.00
	2.87
9.59
	7.65
16.54
	6.480***
	0.332

	Economic and Socio-cultural

	GDP per capita 
	1516.91
5098.46
	2438.00
7527.01
	1406.86
4716.12
	-2.318**
	-0.176

	Multidimensional poverty
	67.00
20.13
	67.22
19.98
	66.98
20.15
	-0.205
	-0.013

	Cities 
	1.99
3.08
	2.77
5.05
	1.90
2.74
	-2.753**
	-0.216

	Institutional

	Private tenure
	30.63
27.74
	19.98
22.08
	31.88
28.08
	7.962***
	0.471

	Natural protected areas (NPAs)
	5.36
16.16
	12.93
25.21
	4.45
14.45
	-5.329***
	-0.413

	National PES program
	1.65
5.56
	5.87
10.24
	1.16
4.45
	-7.337***
	-0.596

	Watersheds and Cities program
	0.17
0.38
	0.23
0.42
	0.16
0.37
	-2.763**
	-0.191

	Observations
	2,456
	260
	2,196
	2,456
	2,456


1 Statistically significant confidence level for differences in means reported as: ***99%, **95%, *90%
2 Normalized differences in means >0.25 considered large 


Table 3. Logistic regression results for emergence and persistence of local PWS programs. Odds ratios and robust standard errors presented for variables that were retained used backwards stepwise regression; otherwise, the variable was “removed”. Statistically significant values reported at confidence levels of 90%*, 95%**, and 99%***.
	
	Emergence
	Persistence

	Variable
	Model 1: 
Full Sample1
	Model 2: 
Full Sample1 + Ecoregions
	Model 3: 
2014 Sample2
	Model 4: 
2014 Sample2 + Ecoregions
	Model 5:
2014 Sample2
	Model 6:
2014 Sample2 + Ecoregions

	Biophysical

	Terrain ruggedness
	1.018***
0.004
	1.017*
0.004
	1.014***
0.004
	1.015***
0.004
	Removed
	1.027*
0.014

	Flood
	Removed
	Removed
	Removed
	Removed
	4.196**
2.969
	11.783**
9.392

	Drought
	Removed
	Removed
	Removed
	Removed
	Removed
	Removed

	Water quality
	Removed
	Removed
	Removed
	Removed
	10.323**
9.750
	6.181**
3.567

	Deforestation 
	0.981**
0.008
	0.985*
0.009
	0.979*
0.012
	Removed
	Removed
	Removed

	Agricultural land
	1.010***
0.002
	Removed
	Removed
	Removed
	0.946***
0.016
	0.954***
0.012

	Pastureland
	Removed
	Removed
	Removed
	Removed
	Removed
	Removed

	Economic and Socio-cultural

	GDP per capita
	1.000**
0.000
	Removed
	1.000***
0.000
	1.000***
0.000
	Removed
	1.000**
0.000

	Multidimensional Poverty
	0.989**
0.004
	0.985***
0.004
	Removed
	Removed
	Removed
	Removed

	Cities
	1.050**
0.024
	1.059*
0.032
	1.044**
0.023
	1.036**
0.020
	Removed
	Removed

	Institutional

	Private tenure
	0.985***
0.003
	0.985***
0.003
	0.989***
0.003
	0.989***
0.003
	0.974**
0.010
	Removed

	Natural protected areas (NPAs)
	1.018***
0.003
	1.016***
0.003
	1.018***
0.003
	1.019***
0.003
	1.018**
0.008
	1.018*
0.012

	National PES program 
	1.065***
0.014
	1.062***
0.015
	1.059***
0.015
	1.059***
0.015
	Removed
	Removed

	Watersheds and Cities 
	1.387*
0.237
	Removed
	2.062***
0.402
	2.121***
0.409
	Removed
	4.590**
2.564

	Counterparts
	NO
	NO
	NO
	NO
	YES
	YES

	State government 
	
	
	
	
	Removed
	Removed

	Municipality government
	
	
	
	
	5.165**
3.315
	Removed

	NGO
	
	
	
	
	41.357***
36.493
	56.120***
50.959

	Private industry 
	
	
	
	
	4.548*
3.837
	Removed

	Water utility
	
	
	
	
	31.912***
28.830
	31.235***
28.761

	Ecoregion dummy variables
	NO
	YES
	NO
	YES
	NO
	YES

	Observations
	2,455
	2,4523
	2,365
	2,362
	170
	1644

	Pseudo R2        
	0.13
	0.14
	0.13
	0.13
	0.33
	0.40

	% Correctly predicted
	90%
	90%
	92%
	92%
	84%
	85%


1Full sample: 260 municipalities with a PWS program
22014 sample: 170 municipalities with a PWS program by 2014
3Three observations are dropped when the ecoregion dummy variable is included. These three municipalities are the only three in the country classified as California Mediterranean ecosystem and all are in the northwest part of the Baja California Peninsula. None of the three municipalities had a local PWS program between 2008-2019 and thus predict failure perfectly in the logit specification and are dropped.
4Seven observations are dropped when the ecoregion dummy variable is included. These seven municipalities are in the north and northcentral regions of the country; three are classified as North American Desert ecosystem and four as Great Plains ecosystem. The three North American Desert municipalities predict success perfectly and the four Great Plains municipalities predict failure perfectly and all seven are thus dropped from the logit specification. 
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