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Abstract: Hydrologic modeling techniques identify non-point source pollution (NPSP), particularly sediment associated with 
erosion, as a primary concern in the Santa Fe Watershed, located in the New Mexico portion of the Rio Grande Basin. 
Hydrologic assessments alone, however, cannot identify management practices to minimize this pollution, since non-
point source pollution interacts and overlaps with community-based characteristics and concerns. To this end, a 
survey of organizations implementing NPSP policy was developed, providing information both on NPSP programs 
and the community members participating in them. Utilizing the organizational survey and census data, NPSP 
prevention programs in the Santa Fe Watershed were evaluated with respect to their compatibility and equitable 
access for the local community. Based on these data, we recommend watershed-specific NPSP management 
techniques and suggest mechanisms for achieving NPSP program goals that meet the needs of the diverse community 
within this basin. 

Key words: Digital divide; Language equity; Hydrologic modeling; Internet-based surveys; Santa Fe Watershed 

1. INTRODUCTION  

As point source pollution came under greater control after the passing of the US Clean Water 
Act of 1972, non-point source pollution (NPSP) began to receive increased attention as a primary 
threat to water quality. NPSP is derived from the generation and/or accumulation of pollutants from 
human activities on the land surface and its subsequent transport via wind, snowmelt, rain, and/or 
stormwater to a receiving waterway. A Hydrologic Simulation Program – Fortran (HSPF) model 
(Donigian 1995) was developed (Moltz et al. 2010) to address the biophysical aspects of NPSP, 
focusing on the Santa Fe Watershed in New Mexico in the southwestern United States as a case 
study.  

Modeling efforts focused on sediment, the primary pollutant of concern in the Santa Fe 
Watershed, based on several factors, including: (i) impairments for streambed sediment deposits 
from the Cochiti Pueblo to the wastewater treatment plant; (ii) prioritization reflecting the current 
management efforts by local organizations (Grant 2002; Stephens and Associates, Inc. 2003); and 
(iii) the survey of local organizations included in this study. Accordingly, the HSPF model was 
developed to assess the magnitude of the sediment problem, evaluate potential solutions, and inform 
the decision-making process. HSPF also was utilized to evaluate the impacts of urbanization on 
sediment and sediment-related pollution under different land use scenarios. Management scenarios 
were developed utilizing the regional water plan (Stephens and Associates, Inc. 2003), the 
Watershed Restoration Action Strategy (Grant 2002), and personal communications with agencies 
responsible for land management.  

Incorporating community perspectives, policy, and socioeconomic concerns into modeling 
efforts enhanced the capability to produce more rigorous and thorough results for developing and 
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implementing sustainable solutions (Korfmacher 2001; Gaddis and Voinov 2008). The need to 
integrate social assessments with modeling efforts has been previously recognized, but is not easily 
implemented (Wagner and Gobster 2007; Gaddis and Voinov 2008). Accordingly, this study 
complements hydrologic modeling efforts in the Santa Fe Watershed by assessing community 
participation in organizationally led NPSP programs. 

Moltz et al. (2010) provided a detailed discussion of the Santa Fe Watershed hydrologic model 
development, estimated sediment load reductions, and the associated cost-benefit assessment for 
implementation of sediment control measures. By incorporating the results of the organizational 
surveys into the hydrologic modeling process, the modeling efforts were better targeted to the 
pollutant of concern (sediment), saving valuable time and money that might otherwise be used to 
calibrate the model for an exhaustive list of possible pollutants. Organizationally defined 
management scenarios on identified land uses were then evaluated during the scenario development 
process to determine their respective effectiveness in reducing sediment loads. These results will 
inform future decision-making for implementation of the most effective sediment management 
practices. Being calibrated for the Santa Fe Watershed, the hydrologic model can be adapted to 
address new or additional pollutants of concern as they become evident, and assess new 
management practices of interest with shifts in priorities on the part of communities and 
organizations. 

Primary mechanisms for implementing NPSP management strategies are voluntary programs 
that educate and provide incentives for stakeholders to adjust their behaviors in order to reduce the 
production and transport of NPSP to receiving waters. Policies and programs implemented to 
address NPSP problems by altering individual human behaviors are more likely to succeed if they 
receive the support of the community and other stakeholders (USEPA 2002; Wagenet and Pfeffer 
2007; Wagner 2008). Moreover, citizen and stakeholder participation in program development can 
contribute local knowledge and incorporate local culture to the program, improving its effectiveness 
and facilitating long-term sustainability (Carr and Halvorsen 2001; Lejano et al. 2007). This type of 
grassroots watershed management is a difficult process, as evidenced by the few examples of 
success available in the literature (Blomquist and Schlager 2005; Wagenet and Pfeffer 2007). 

Much of the existing research on community-based environmental management, particularly 
with respect to watershed management, has focused on the management process, the interactions 
between the organizations responsible for such management and the community, and how different 
types of communities (e.g. rural versus urban) adopt community-based management strategies 
(Stedman et al. 2009; Koontz and Johnson 2004; Scheberle 2000). Environmental management 
efforts, however, also reside within a community exhibiting an array of socioeconomic conditions 
that can affect the effectiveness of programs, access and outreach to the community, and the 
viability of such management efforts. Hoffman (2005) and O’Neill (2005) explored the connections 
between social inequality and the viability and efficacy of environmental management practices in 
watersheds. Complementary to the research of Hoffman (2005) and O’Neill (2005), this study 
focuses on the context of interactions between the local community and the responsible NPSP 
management organizations. Further, this study focuses on specific components of the outreach 
programs offered by these organizations within the context of a diverse, changing social landscape 
in the culturally, geographically, and climactically unique setting of Santa Fe, New Mexico.  

This study utilized results from a survey of community-based organizations to assess the 
effectiveness of ongoing sediment management efforts in the Santa Fe Watershed. Although it is 
often the individual landowner who implements NPSP control measures, it is organizations that 
often enable these behaviors, through education and funding activities. Because various 
organizational levels (including governmental, non-governmental, non-profit, among others) 
provide programmatic support for implementing NPSP prevention programs and are often 
responsible for engaging community members in NPSP pollution reduction efforts, the Santa Fe 
programmatic analysis was conducted at the organizational level. Organizations were able to 
provide information both on programs of interest and the community members participating in 
them. Several potential divergences between the organizations implementing pollution prevention 
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programs and the community they seek to serve are identified in this study. 
Various strategies are available to involve community members in NPSP management programs. 

Participation strategies include contacting community members personally, addressing the target 
population’s specific concerns, providing social/financial support, and making the information 
available in multiple languages and in formats that include web-based, hard-copy, and verbal 
communications. An important comparison with the Santa Fe Watershed program is the Houston-
Galveston Area Council (H-GAC), which provides an instructive example of a successful outreach 
program (personal communication, H-GAC, January 2009). The H-GAC service area includes a 
diverse constituency, requiring consideration of a range of socioeconomic and cultural factors for 
successful implementation. To reach this constituency, all publications are written without slang or 
jargon at a 6th grade reading level. Publications are made available in Spanish, English, and 
Vietnamese and are distributed utilizing a multilingual media campaign with radio, print, online, 
and television advertisements. Public meetings are also held in diverse neighborhoods around the 
service area. These methods ensure hard-to-reach groups have equitable access to programs and 
services, thereby enhancing the possibility for their participation. 

The diverse community of the Santa Fe Watershed faces numerous obstacles to implementing 
sound and successful outreach programs. This study addresses several questions regarding such 
efforts in the Santa Fe Watershed, including the following: (1) What are the current watershed-
specific programs for preventing sediment pollution in the Santa Fe Watershed, and are they the 
best approaches for preventing further pollution, both in terms of pollutant load reduction and 
programmatic use; (2) What are the socioeconomic and demographic characteristics of participants 
involved in sediment pollution reduction programs in the Santa Fe Watershed, compared to Santa 
Fe County and the United States; and (3) How can sediment pollution prevention programs in the 
Santa Fe Watershed be improved on the basis of local socioeconomic and demographic conditions? 

To address these concerns we evaluate the effectiveness of existing NPSP policy programs in the 
Santa Fe Watershed. We surveyed organizations responsible for the implementation of NPSP 
prevention programs and gauged their ability to address these issues within the context of the 
diverse sociodemographic constituents that live and work in the watershed area. To this end, we 
consider the Santa Fe population in terms of its racial/ethnic, economic, and educational 
characteristics and compare this to the United States as a whole. We underscore the challenges of 
part of the implementation program, namely outreach via electronic communications and 
information, with the well-known problem of the “digital divide”.  

2. METHODOLOGY 

2.1 Study Area 

The Santa Fe River, a tributary of the Rio Grande, was named the most endangered river in the 
United States in 2007 by the American Rivers conservation group (DeVries 2007). The 54122 ha 
(133739 acres) Santa Fe Watershed is home to 105027 people (US Census Bureau 2000) and the 
predominant land in the watershed includes grassland (71.5%), forested areas (12%), upland 
shrubland (8.5%), and urban areas (7%) (National Land Cover Dataset - NLCD 2001). Figure 1 
provides an illustration of the study area and the various land types and their geographic 
relationship to the Rio Grande River. The hydrologic modeling of the study area outlet is based 
upon measurements from the United States Geological Survey (USGS) gaging station 08317200 
(Santa Fe River above Cochiti Lake), which is approximately 13 km (18 mi) upstream of the Santa 
Fe River’s confluence with the Rio Grande.  

A survey of organizations involved in NPSP programs in the watershed identified sediment as 
the major NPSP concern in the watershed, both in terms of the number of programs currently 
addressing sediment and the total number of people participating in those programs (Table 1). 
Although sediments stand as the major target of organization policy, Table 1 also identifies 
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additional pollutants targeted by programs operating in the watershed. The survey we conducted of 
these organizations confirms the point of emphasis found in recent hydrologic models developed by 
Moltz et al. (2010). 

 

Figure 1. Santa Fe Watershed land uses and location relative to the Rio Grande. 

Table 1. Pollutants targeted by organizational programs. 

Pollutant targeted Percent of programs Number of participants* 
Sediment 71 1278 
Nutrients 43 206 
Garbage 33 200 
Pesticides/Insecticides 29 50 
Heavy Metals 24 50 
Bacteria/pathogens 24 50 
Other toxic substances 19 Unknown 
Ash 19 200 
Other 14 202 
*Note: The number of program participants was estimated by surveyed organizations. 
Several programs in each pollutant category did not include an estimated number of 
participants. The number of participants for programs targeting “other toxic 
substances” was not provided for any programs. 

2.2 Study Design 

We surveyed organizations involved in development and implementation of NPSP policy and 
programs in the Santa Fe Watershed, including governments (federal, state, and local), Non-
Governmental Organizations (NGOs), and educational institutions. The survey was designed to 
obtain information on current NPSP prevention programs. Institutions of interest were originally 
identified from a database of organizations maintained by the River Systems Institute, Texas State 
University-San Marcos. This database resulted from an effort to identify organizations in the Rio 
Grande Basin participating in Integrated Water Resources Management efforts. Only organizations 
affecting the Santa Fe Watershed were selected from the international database to participate in this 
study. Additional organizations were identified through personal references, internet searches, a 
literature review, and ‘snowball sampling’ (Singleton et al. 1993). Individuals within organizations 
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were targeted on the basis of their programmatic knowledge. Based upon the position titles of 
survey participants, which included President, Director, Co-Director, Committee Chair, Projects 
Coordinator, Department Head, Program Manager, Research Leader, Chief, and Supervisor, 
provided confidence that the respondents had sufficient knowledge of the corresponding issues to 
adequately address the questions contained in the survey.  

The survey was designed using Survey Monkey to obtain information regarding current land 
management practices and outreach programs within the watershed. Survey Monkey is an online 
(http://www.surveymonkey.com/) survey design, distribution, and collection tool. The survey was 
designed using existing paper survey design methods (Rossi et al. 1983; Singleton et al. 1993) and 
electronic survey design methods (Gordon and McNew 2008). Although researchers have found 
web-based surveys yield lower response rates than traditional mail surveys (Sax et al. 2003), web-
based surveys can save time and money, and, when designed properly, do not significantly differ 
with mail-based survey results (Jansen et al. 2007) despite the lower response rates. 

Upon completion of the survey instrument, it was tested to ensure it was understandable and 
non-biased, by asking similarly-situated organizations outside of the Santa Fe Watershed to 
complete the survey and provide feedback. These organizations represent a wide range of 
organizational levels and interests in the watershed including federal government, state government, 
local government, educational institutions, and NGOs. After incorporation of suggestions from the 
testing phase, organizations in the Santa Fe Watershed were contacted to participate in the survey. 
Organizations were queried regarding the types of land uses targeted and programs conducted 
within the watershed and several important social and demographic characteristics. The results were 
used not only in developing the hydrologic model (Moltz et al. 2010), but also provided a basis for 
assessing whether or not the most effective watershed practices were being utilized by these 
organizations.  

3. RESULTS 

A total of 42 organizations received the survey (8 national, 11 state, 3 local, 3 educational, and 
17 non-profit). Of this total, 25 organizations (59.5%) actually completed the survey, including 5 
federal government, 7 state government, 3 local government, 2 educational institutions, and 8 non-
profit. A response rate of 59.5% is considered high, compared to other web-based surveys that 
received 40-50% response rates (Mehta and Sivadas 1995; Leece et al. 2004).  

Of the organizations completing the survey, eight (32%) did not conduct or promote NPSP 
prevention programs in the Santa Fe Watershed. Seventeen (69%) of the organizations responding 
to the survey provided information on programs of interest. Each organization was limited within 
the survey instrument to describing three NPSP prevention programs (see Table 1), thereby 
minimizing survey length and the time required to complete it. If the organization oversaw more 
than three programs, comments on additional programs or topics of interest were encouraged at the 
end of the survey. Twenty-one programs in total were described by the organizations.  

3.1 Management Practices in the Watershed  

By comparing survey results to hydrologic model simulations, it was determined whether or not 
the most effective management strategies (measured as the largest potential load reductions) were 
being employed by the organizations in their attempts to minimize NPSP. Table 3 identifies the 
Santa Fe Watershed land uses, in terms of both total hectares and unit area loads. For example, 
grasslands easily comprise the largest total area of land use (38,786 ha) in the watershed. Croplands, 
barren mining, and pasture, however, exhibit the largest unit area loads (average tonnes/ha/yr) 
These land uses have a disproportionate impact on the sediment yield in the Santa Fe Watershed; 
this relationship is particularly acute for croplands (5.34 tonnes/ha/yr) and pasture (2.4 
tonnes/ha/yr). Although these two land uses comprise a relatively small overall land use in the 
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watershed (111 and 28 ha, respectively), they yield a large quantity of sediment load. Thus, a 
logical approach to a cost-effective and time-effective management strategy would be to focus first 
on limiting the sediment output from these specific types of land uses. Although other land uses 
should not be ignored, given the relative influence of croplands and pastures, they should receive 
priority attention because of the potential reductions in the sediment unit area loads.  

 
Table 2. Santa Fe land uses, total hectares, and sediment unit area loads based on the model results of Moltz et al. 

(2010). 

Land Use Avg tonnes/ha/yr Hectares Avg tonnes/yr 
Cropland 5.3 111 594 
Barren or Mining 3.9 369 1471 
Pasture 2.4 28 66 
Urban 0.5 3786 1867 
Grassland 0.3 38786 12173 
Upland Shrubland 0.2 4670 942 
Forest 0.1 6356 712 
Water/Wetlands 0.1 15 1 
Total -- 54122 17827 

 
Since croplands and pasture were identified as the land uses to be targeted, it was then possible 

to evaluate whether or not the organizations within the watershed focused on the most effective 
management strategies to reduce the sediment yields from these particular land uses. Table 4 
identifies two important features for consideration: 1) the survey participants’ most commonly 
utilized management practices for each land use; and 2) the relative sediment yield for each of the 
practices. The survey results indicated that the most commonly enacted strategies to limit sediment 
yield by the organizations included the use of vegetative buffers (52%), re-vegetation (48%), 
sediment basins (38%), livestock exclusion (29%), grass waterways (24%), and detention ponds 
(24%). The sediment yields were simulated by Moltz et al. (2010), and the remaining columns in 
Table 4 indicate the relative sediment yield by land use type for each land management practice. 
Although vegetative buffers are the most commonly used strategy among the surveyed 
organizations, they also were the least effective at reducing sediment loads – that is, the sediment 
yields are 5.3 average tonnes/ha/year and 2.4 average tonnes/ha/year for croplands and pastures, 
respectively, utilizing vegetative buffers as the management strategy. Yet, the practices producing 
the lowest sediment yields – 3.34 tonnes/hectare/year for cropland and 1.36 tonnes/hectare/year for 
pasture – represent the least used strategies by these organizations. Specifically, grassed waterways 
and the exclusion of livestock from riparian areas were shown to be most effective in reducing 
sediment yields from croplands and pastures, yet only 24% and 29% of programs in the Santa Fe 
Watershed utilized these sediment management practices. Although the other practices also 
indicated reduced sediment loads, the loads would be further reduced if additional programmatic 
efforts were devoted to these most effective strategies. 

Five out of the eight sediment management strategies carried out in existing programs in the 
Santa Fe Watershed depend on voluntary implementation by individual community members (Table 
5). Hydrologic modeling assessments alone will not produce successful pollution prevention 
programs without also encouraging stakeholder participation, since voluntary pollution prevention 
programs often require behavior modification on the part of community members. Encouraging 
community participation in voluntary programs, however, also requires effective communication 
between program organizers and community members.  

According to Mbaga-Semgalawe and Folmer (2000), community adoption of management 
practices comprises a three-phase decision making process, including perception of the problem, 
adoption of management practices, and determined efforts toward program implementation. These 
phases illustrate the need for knowledge, financial and social ability to adopt the relevant measures, 
and the time and resources to devote to applying them. By analyzing the population’s 
socioeconomic and demographic condition as part of the planning process, programmatic 
advertising, education, and outreach can be tailored to enhance the ability of organizations to 
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communicate with the community about a program, thereby enhancing the chances of success. A 
significant portion of this study, therefore, focused on developing strategies for successful adoption 
of voluntary programs by community members in the Santa Fe Watershed. 

 
Table 3. Management practice effectiveness and percent of programs implementing the practice are based on 

hydrologic modeling efforts described in Moltz et al. (2010). NA values signify management practice is not used on the 
specified land use, per organizational survey results. 

HSPF-Predicted Sediment Yield by Land Use Type (1974-1998) 

Management Practice Type 
Percent of 
Programs Cropland Pasture 

(average tonnes/ha/year) 
`No Management Practice NA 5.3 2.4 
Vegetative Buffer 52 3.5 1.6 
Re-vegetation 48 NA NA 
Sediment Basin 38 NA NA 
Livestock Exclusion 29 NA 1.4 
Grass Waterway 24 3.3 1.5 
Detention Pond 24 NA NA 

 
Table 4. Sediment management strategies in the Santa Fe Watershed. 

Pollution management strategies Percent of 
programs Program example Level of action 

Vegetative buffers 52 Stream Team, Partners for Fish and Wildlife Individual 

Re-vegetation 48 Conservation Easement Program, Arroyo Stewardship 
Project Individual 

Sediment basin 38 Cooperative Extension Service Individual 

Erosion control fabrics 38 Municipal Separate Stormwater Sewer System (MS4) City 

Grazing management 33 Environmental Quality Incentives Program (EQIP) Individual 
Exclusion of livestock from 

waterways 29 Clean Water Act 319 Grants Individual 

Detention/retention pond 24 Open Space and Trails Program City 
Grassed waterways 24 Total Maximum Daily Load Individual 

3.2 Demographic and Socioeconomic Differences 

One of the main issues of concern in the implementation of NPSP policies is whether or not the 
outreach mechanisms fit the demographic and socioeconomic characteristics of the community. To 
address these issues the survey we conducted included questions on several pertinent questions. 
Although space does not allow for a full documentation of these results, we have highlighted 
selected survey questions and responses which are provided in Table 5. This table summarizes 
several important demographic and socioeconomic issues relating to NPSP management programs 
and their implementation in the watershed.  

Additionally, an attempt was made to collect demographic survey data. Because much of this 
data was incomplete, however, census data for Santa Fe County and the United States were 
obtained, as a means of comparing local and national socioeconomic and demographic 
characteristics. One consideration in this study was whether or not the organizations affecting NSPS 
policy and programs were engaged with the local community. By comparing survey responses with 
Santa Fe County census data, as well as comparing county-level census data with that of the United 
States as a whole, the efficacy of these programs in reaching the existing population of Santa Fe 
County can be inferred.  

To identify the unique demographic and socioeconomic characteristics of the Santa Fe area, US 
Census Bureau 2005-2007 American Community Survey data were assessed for both Santa Fe 
County and the United States. This facilitated the development of strategies to improve participation 
in voluntary pollution prevention programs. Santa Fe County and US census data are displayed in 
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Table 6. The Santa Fe area has a considerably larger Hispanic population (50%, compared to the 
national average of 15%), a similar percent of persons below the poverty line (13.9%, compared to 
the national average of 13.3%), and a higher number of non-English speakers, compared to the 
national average (42% versus 20%, respectively). Interestingly, the percent of people with a 
graduate or professional degree is higher in the Santa Fe Watershed than the national average, as is 
the percent of college graduates. The Santa Fe household median income appears to be similar to 
the national average ($51000 versus $50000, respectively). The differing characteristics between 
Santa Fe County and the United States as a whole suggest that traditional outreach and 
implementation methods may need to be tailored to community characteristics, specifically to the 
high number of Hispanics, those living below poverty, and the large number of non-English 
speakers, for optimal program participation in the Santa Fe Watershed. At the same time, the higher 
levels of education and median income indicate the challenges these organizations face in outreach 
programs. Because these characteristics might be considered contrasting, it suggests that a 
successful strategy of community outreach would need a multifaceted approach. 

 
Table 5. Selected survey questions. The electronic survey was designed with skip logic, making the flat file length too 

long to reproduce here. These questions are the primary ones posed to all survey takers. 

Selected Survey Questions and Response Categories from Organizations Percentage Reported by Organization* 
What types of land uses are targeted by the program? 

Croplands and Pasture 66% 
Forestry 29% 
Construction 19% 
Industrial 19% 
Residential 14% 
Mining 5% 

If known, please select the age range that best describes the majority of program participants. 
26-35 10% 
46-55 19% 
56-65 10% 
Unknown 14% 

If known, please check the box that best describes the race/ethnicity of the majority of program participants. 
Hispanic 10% 
Non-Hispanic White 14% 
Unknown 43% 

Check the box that best describes the median annual income of program participants. 
<$30000 5% 
$51000-100000 10% 
$101000-200000 5% 
Unknown 48% 
* Responses sum to greater than 100% if participants were able to select more than one answer. Responses sum to less than 

100% if some participants skipped the question. 
 

Table 6. Demographic and socioeconomic summary. 

Variables Santa Fe County* United States* 
Percent of white, non-Hispanic 45 74.1 
Percent Latino 49 14.7 
Percent Black 0.9 12.4 
Percent Asian 1 4.3 
Median income ($) 51341 50007 
Percent below poverty line 13.9 13.3 
Percent high school graduate 23.7 30 
Percent college graduate 20.2 17.1 
Percent Master's or above 19.1 9.9 
Percent non-English speaking 42.3 19.5 
* Based on the U.S. Census Bureau 2005-2007 American Community Survey 

 
After identifying differences between the population in Santa Fe County and the nation, the 

characteristics of program participants obtained from the survey were compared to county-level 
census data. The purpose of this comparison was to determine if the diversity of program 
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participants adequately is representative of the diversity present in the community. Program 
organizers categorized the majority of participants as predominately white/non-Hispanic, with an 
income of $51000-$100000 per year. Statistically meaningful comparisons of census data to survey 
data are difficult to attain because of the small sample size. Nonetheless, there are vast differences 
between the perceived racial/ethnic composition of the study area by the organization and the actual 
population reported by the Census Bureau. For example, 14% of organizations identify non-
Hispanic Whites as the majority of their program participants, with a corresponding figure for 
Hispanics at 10%. Yet the Census data for Santa Fe County indicate that 49% of its residents are 
Hispanic and only 45% are non-Hispanic White. Furthermore, and perhaps more informative is the 
high percentage of “unknown” responses in the organizational survey. A plurality of organizations 
failed to identify the racial/ethnic majority of their program participants (they responded 
“unknown”). These figures underscore two possible problems, both of which would complicate 
outreach programs: 1) either the organizations understanding of racial minorities in Santa Fe 
County is inaccurate – only 10% of organizations identify Hispanics as the majority of their 
participants, while the Census reports the Hispanic population of the county to be the actual 
majority at 49%; 2) alternatively and equally problematic, is whether the organization fails to 
understand or know the population under consideration – 43% of organizations report not knowing 
the racial/ethnic composition of their constituents. Either scenario represents a mismatch between 
the perceptions of the racial/ethnic composition of the community by these organizations and the 
actual demographics of the population they are trying to serve. Although we highlight the 
differences in racial/ethnic characteristics, the same line of reasoning would apply to other 
characteristics, such as age, economic standing, and/or educational levels. 

This large number of unknown responses to socioeconomic and demographic survey questions 
could also indicate that organizations did not wish to provide these data or were unprepared to 
provide socioeconomic or demographic information. However, if organizations are not aware of the 
ethnicity or socioeconomic status of participating community members, collecting and compiling 
such information can help them target specific sub-populations, ensuring these groups have an equal 
opportunity to participate in the programs, and enhancing their effectiveness in reducing NPSP. 

3.3 The “Digital Divide” 

Organizational survey results indicate that current NPSP prevention programs in the Santa Fe 
Watershed provide programmatic information to the community in several ways. The most common 
methods of organizational outreach to community members are websites and community events. 
52% of programs reported using these two methods. Community outreach and education may be 
improved if such activities are tailored to the Santa Fe community’s socioeconomic and 
demographic characteristics. Because organizations did not share detailed information on 
community events, assessing this mechanism of outreach was beyond the scope of this research. 
Given the large Hispanic population and the large number of non-English speakers, an emphasis on 
outreach efforts via electronic means may represent a limiting factor.  

Even though the number of Americans connected to the internet is increasing, a “digital divide” 
still remains, with evidence suggesting the divide is widening. Users of web-based environmental 
information are primarily environmentally-conscious, educated, and middle-class (NTIA 1999; 
Hacklay 2002; Day et al. 2005; Salpeter 2006). Although a portion of the Santa Fe community may 
be adequately reached through electronic means, minorities, low-income persons, and the less 
educated, particularly in rural areas or central cities, commonly lack access to internet resources 
(NTIA 1999; Day et al. 2005; Martin and Robinson 2007). Thus, relying heavily on web-based 
dissemination of information does not appear to treat all demographic and socioeconomic groups 
equally (Hinnant 2008). 

Compared to other social factors that might be linked to internet use (e.g. gender, age), income 
inequality is particularly important because lower incomes are typically correlated with lower rates 
of internet use, while high incomes are usually indicative of higher internet use (Martin and 
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Robinson 2007). Median census block group income in the Santa Fe Watershed varies widely, 
ranging from just over $20000/year to more than $180000/year (Figure 2), suggesting unequal 
access to web-based materials. The largest category of households in the study area (34%) earned 
an annual income of less than $30000, according to the US Census Bureau (2000). Other factors 
being equal, families with incomes above $35000 are two to six times more likely to have and use 
the internet than families making less than $35000 (NTIA 1999). If the less affluent segment of the 
population is expected to participate in voluntary sediment reduction programs in the Santa Fe 
Watershed, equal access to program materials may facilitate their involvement. Considering the 
existing “digital divide”, it would appear the current high dependence upon web-based information 
sharing among these organizations may not be the most effective means of reaching the diverse 
communities of Santa Fe. 

 

Figure 2. Median family income by 2000 census block group in the Santa Fe Watershed, according to the US Census 
Bureau (2000) (all census data analyses were conducted on census block groups; the Santa Fe Watershed contains 63 

block groups in 31 tracts). 

A growing body of evidence suggests that the digital divide is largely comprised of a 
racial/ethnic divide. Research indicates that African-Americans and Hispanics experience lower 
levels of computer use and access to the internet, suggesting the continuance of what has become 
known as the “Digitally Underserved Groups” (Lorence, Park and Fox 2006). Given, however, our 
emphasis upon the Hispanic population it is worth considering how various parts of the Latino 
community might be differentially affected. With the above data, it is impossible to know whether 
the Santa Fe community is comprised of a largely native or foreign-born Hispanic population. 
Significant percentages of the land are devoted to cropland/pasture and construction use, 66% and 
19% respectively, and that these industries employ large numbers of Hispanics (both native and 
foreign born) it can be inferred that some share of this population is foreign-born, only increasing 
the likelihood of a digital divide in this community. Even though Latinos are generally lack access 
to the internet and online information when compared to Whites, native-born Latinos are much 
more likely to use technology, including the internet, when compared to their foreign-born 
counterparts (Livingston 2010). For organizations to meet maximum effectiveness in addressing 
NPSP reductions, it is imperative that they understand the possible limitations to communicating 
with the Santa Fe population, which is majority Hispanic, and may include a significant percentage 
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of foreign-born Latinos. Finally, understanding the digital divide is crucial in understanding the 
effectiveness of digital communication and the efficacy of policy (Ferro, Helbig, and Gil-Garcia 
2011). Thus, for organizations to be proactive and efficient in their policies to address NPSP, 
understanding the sociodemographic characteristics of the community and how to most effectively 
reach that population stands as a high priority. As we discuss in the next section, the large Latino 
population in Santa Fe not only raises issues concerning the digital divide, but also underscores the 
issue of multiple languages in the region. 

3.4 Language Barriers 

The Spanish speaking population in the watershed should be another organizational focus for 
efforts encouraging voluntary participation in sediment reduction programs in the Santa Fe 
Watershed. The use of non-English languages in the United States, particularly Spanish, has been 
shown to impact both economic and social status (Pendakur and Pendakur 2002; Vega 2004). A 
substantial number (42%) of the households in Santa Fe County are non-English speaking 
compared to the national average of 20% (Table 3). English and Spanish are the primary languages 
in 58% and 36% of watershed households, respectively. Figure 3 provides a spatial representation 
of the non-English speaking households in the watershed. Further, areas containing a greater than 
50% Spanish-speaking population are sometimes on sediment generating lands (i.e., cropland, 
pasture, barren/mining, and urban areas), suggesting that outreach to this group will be necessary to 
control the sediment problem, and that increased programmatic participation by these populations 
may reduce sediment pollution. 

 

Figure 3. Percent non-English speaking households by census block group in the Santa Fe Watershed (all census data 
analyses were conducted on census block groups; the Santa Fe Watershed contains 63 block groups in 31 tracts). 

Given the large percentage of Spanish-speaking Hispanics being located in sediment-producing 
areas, language appears to be an important consideration for the equitable dissemination of 
information in the Santa Fe Watershed. A website search of the 25 organizations participating in the 
survey found that only 8 (32%) had educational information, various application materials, and 
other programmatic information found in English translated into Spanish on their website. Only two 
(8%) of the organizations had these materials in Spanish for the Santa Fe Watershed program 
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described in the survey. Previous studies have shown low program participation rates due to 
insufficient availability of materials and service in Spanish (Zuniga et al. 2007). Effectively 
communicating to the non-English speaker, particularly the prominent Spanish-speaking population 
in Santa Fe, via equitable venues should be an integral part of encouraging participation in pollution 
prevention programs.  

4. CONCLUSIONS 

Because Santa Fe County is ethnically diverse, including socioeconomically-disadvantaged 
groups as well as college-educated, affluent communities, and is comprised of a large number of 
non-English speaking persons (US Census Bureau 2000), local organizations may not adequately 
address participation by all of these communities, including the traditionally hard-to-reach groups 
(Wagenet and Pfeffer 2007). Programs applied with careful considerations of socioeconomic and 
demographic conditions can help meet the community needs and provide equitable community 
access to programs. However, generic, traditional strategies are not optimized in place-based 
implementation because of differences in community characteristics such as income, race/ethnicity, 
language, and education. General information on current program participants in the watershed 
identified underrepresented community members in Santa Fe NPSP prevention programs, including 
low income, Hispanic community members, and the non-English speaking segment of the 
population. Such a diverse population comprising the management area suggests that organizations 
seeking to optimize implementation of their management strategies will be most successful if they 
use a multi-layered approach – that is, organizations will have to move beyond a reliance solely on 
web-based and English language communication to be most effective. 

The purpose of this research on the Santa Fe Watershed was to identify (1) the programs 
currently underway to manage the identified pollutant of concern - sediment, (2) the characteristics 
of the current program participants, and (3) areas for potential programmatic improvement, based 
on socioeconomic and demographic conditions. To address the first point, sediment was identified 
as the priority pollutant of concern, based on listed impairments, management priorities, and 
organizational survey results. The vast majority of programs in the Santa Fe Watershed focus 
management efforts on sediment; although, review of the organizational sediment management 
practices indicated that some of the most effective strategies were less likely to be employed. 
Current sediment-reduction program participants were identified through information provided in 
the organizational survey. Specifically, program organizers categorized the majority of participants 
as predominantly white/non-Hispanic, with an income of $51000-$100000 per year. When 
compared to Santa Fe County and national census data, this information provides valuable insights 
regarding those participating and those not participating in sediment-reduction programs. Based on 
spatially-explicit census analysis and distributions of sediment generation landscapes, it is 
concluded that programmatic improvements would help ensure participation by two hard-to-reach 
groups, including the low-income population, and the Spanish speaking population, through 
equitable access to program materials. 

The combination of organizational survey data and census data analyzed in this study resulted in 
two general conclusions. First, there is evidence the practices employed by the organizations to 
constrain sediment pollution in the Santa Fe Watershed may not be the most effective approaches. 
Although the strategies being utilized do reduce pollution, they may not maximize these reductions, 
in terms of either unit area load or cost-effectiveness. Second, the census data indicated that the 
organizations’ outreach programs may be ineffective in reaching persons with an interest in the 
NPSP prevention process in the Santa Fe Watershed. With an emphasis on English and web-based 
material, non-English speaking persons – particularly Spanish-speaking Hispanics – and the 
economically disadvantaged – particularly those lacking access to digital information – may prove 
difficult to reach given the methods employed by these organizations. Although these organizations 
do important work in attempting to alleviate NPSP in the Santa Fe Watershed, our findings suggest 
that improvements in both the strategies employed to reduce sediment pollution, combined with 
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more inclusive outreach programs, would greatly enhance the chances of reducing sediment loads in 
the Santa Fe Watershed in the future.  

Avenues for future research on this topic are numerous. It was beyond the scope of this research, 
for example, to collect information on individual community members. Nevertheless, this study 
provides important aggregate-level data regarding the groups most likely to be neglected in 
pollution control efforts of the organizations in the Santa Fe Watershed. The perspectives of 
community members and land owners on sediment control are likely to be different than the 
organizational perspective. At the same time, the latter organizations are more likely to have the 
necessary funding and capability to implement watershed wide pollution prevention programs. 
Thus, assessment of the capabilities of organizations represents a good starting point for improving 
NPSP prevention in the Santa Fe Watershed and achieving the water quality goals of the 
community. At the same time, future studies should address the impacts of the organizational 
activities on individual community members, through qualitative methodologies such as structured 
interviews or focus groups.  

Likewise, the information on community events and meetings provided by the organizations was 
limited. Gathering more data on these events would provide a better understanding of the breadth of 
outreach programs, how they are organized, and how successful they are in reaching hard-to-reach 
populations. Although inferred from the maps above, a question left unanswered in this research is 
which groups are most affected by NPSP in the Santa Fe region. The maps appear to indicate that 
Hispanic and Spanish-speaking populations bear the greatest burden with respect to NPSP in the 
Santa Fe Watershed; however, this issue cannot be adequately addressed with the data collected in 
this study. Understanding the dynamics of pollution effects from the perspective of environmental 
justice would likely further underscore the long-term consequences of NPSP on the surrounding 
community and may provide additional reasons for improved outreach programs. This study 
provided insights into organizational attempts to mediate NPSP in the Santa Fe Watershed. It also 
identified the importance of providing community members with equitable access to programs, 
tailoring the programs to local communities, and including social assessments in implementing 
watershed management practices. Comparing the efforts of organizations in the Santa Fe Watershed 
to similar organizations in other watersheds in the United States could highlight the consistency of 
patterns across regions, while also underscoring the unique challenges faced by each community 
regarding NPSP issues.  
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