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Introduction


The lack of national policies specifically addressing mountain environments is generally known and understood throughout mountain communities. The dearth of such policy and law makes it most difficult to regulate land use changes that may lead to degradation of mountain environments. Water quality studies in upstream and mountain areas, i.e. headwaters, as compared to downstream areas, can pinpoint pollutant types and their sources with relative ease and can in turn be used as an excellent tool in creating and enforcing policy and law related to development. Indeed, water quality in streams and rivers is diagnostic of overall ecosystem health. Because mountains have clearly defined watersheds of limited spatial extent, mapping water quality in such regions is relatively easy and can be readily used as a land management tool. Moreover, those with little training, including community volunteers, can perform water sampling thereby increasing stakeholder and community involvement and interest.


In the case of Telluride, Colorado, USA (elevation 2,725 masl) water quality was used to place limits on real estate development and construction near and above treeline in surrounding San Miguel county. This regional study presents scientifically based water quality standards that were used to control growth, limit environmental degradation and encourage sustainable development in a high mountain area (Friend 2002, Inyan and Williams 2001). Its methods were developed locally but could be adapted and applied broadly. The following scientifically based and legally defensible land use codes were adopted to protect 18 headwater basins from future degradation:

•
Residences shall have footprints of 800 ft2 (75 m2) or less.

•
Individual sewage disposal (septic) systems that rely on absorption to dispose of waste shall not be allowed.

•
Landscaping or fertilizer shall not be allowed unless required by an approved state or federal permit for mining reclamation.

•
New roads and/or driveways shall only be allowed with Board of Commissioners review, and only if


(a) 
roads and driveways are no wider than 10 ft and


(b)
 
winter plowing and maintenance are prohibited.

The Challenge


One major challenge facing scientists is to translate science into public policy within the context of sustainable development. Part of this challenge is to make those scientifically based public policies defensible in the courts, particularly in the highly litigious courts of the USA. However, part of the beauty of a science based approach to public land use policies is that they should be legally defensible if they are indeed scientifically based.

To fully integrate science and policy, several questions must be addressed:

· How much scientific certainty is needed before setting public policy?

Land use managers will need science to be legally defensible, we pose that if the research can withstand “peer review” in scientific journals, it will likely pass legal hurdles. However, peer review, legal hurdles and the political will of governing boards can be very different. 

· Can scientists define important environmental thresholds to provide guidance for land use managers?

Yes, scientists can and should define such thresholds but once again, local political will must be present. 

· Should scientists even be involved in setting public policy?

Yes, of course, scientists should be involved in a role where dependable information is being provided to land managers. Most land managers are professional planners who have had at least some scientific training and are able to communicate with scientists and understand the science. This bodes well for the environment. 


Land use problems arise in mountain areas that are now experiencing increasing recreation and tourism possibly leading to severe environmental degradation. Most mountain areas have a history of extractive industry: mining, logging and so forth. So, typically, mountain areas already have significant environmental issues. Add to this the expansion of ski areas, and increasing recreational activities such as snow-mobiling, off-road vehicle use in summer, mountain biking, camping, hiking, peak-bagging, “eco”-tourism, and so on, and add the relatively recent boom of “trophy” homes for the super-rich, and there is an ever increasing impact on mountains.    


Ski area expansion and trophy home building are particularly high impact. Both involve clearing land and building roads, which usually result in higher rates of erosion, faster runoff with higher concentrations of nitrates and other pollutants from compromised root uptake and decreased infiltration rates.  Excess nitrogen in runoff becomes a problem because of fertilizer and septic facilities combined with decreased infiltration. To use Telluride as an example, the noted actor, Tom Cruise, built a 10,000 ft2 vacation home (he owns several) and then cleared an aspen grove so he could play touch football with his family and friends. There are similar stories throughout mountain areas: those with extreme wealth can spend huge sums to build what previously had not been dreamed of by public officials when designing land use policies for single family dwellings even a few years ago.


Money is no longer a limiting factor for many individuals, they now have as much or more purchasing power than ski area development corporations. What used to be de facto land use protection because it was too expensive to build access roads and homes in rugged alpine and sub-alpine terrain has become one way for the very rich to privatize areas of high scenic and recreational value, that also happen to be environmentally sensitive mountain landscapes. The juxtaposition of developing sensitive mountain areas is somewhat ironic, the initial attraction to high-elevation areas is the fact that they are pristine and scenic, yet increased use is counter to mountains remaining pristine and scenic.


So, how do we protect mountains? A balance must be struck between restrictions on development and reasonable economic and recreational activities by using a legal approach that will stand up in court – good intentions on the part of managers and policy makers are not enough. Also, stakeholders must be committed and the community members must reach a consensus on what is balanced.


Nobody is against high water quality, all want a “pristine” environment, it is a “mom and apple pie” kind of issue. All agree, neither developers, nor landowners, nor policy makers, nor environmental advocates want low or poor water quality. As kidneys clean the body and wastes flow forth, flowing water in mountain streams indicate what is held immediately upstream in mountain ecosystems, thus rivers and their water quality provide an excellent indicator of environmental health… a science-based method to determine the current and potential impacts of growth. This approach can be successfully implemented after, during or even before development and growth occur. 


Landscape level analyses work well in mountain areas because they include a mosaic of landscape types, forest, meadow, tundra, talus, riparian, abandoned mines, active mines, urban areas, etc. Each landscape type differs in water quality. The landscape approach avoids “one size fits all” analyses thereby accounting for the spatial heterogeneity of mountain environments. 

Telluride, Colorado, USA


In Telluride, where many new building projects were proposed in the alpine by private parties, the county tried to limit development when county planners first proposed a ban on building above 11,000 ft, roughly treeline elevation in the region. This was immediately viewed as “capricious” and “arbitrary” by developers who threatened to sue and the County Attorney thought the county would lose and refused to support the planners. These initial efforts at compromise were clearly unworkable. Given this background, the planners decided they needed  a new science-based and legally defensible strategy. Water quality was seen as the key to solving this conundrum providing the link between policy and science. 


In the case of Telluride, landscape types in 18 headwater catchments were mapped, water samples were collected from each landscape type in a time series extending from the peak runoff season to end of high flows, i.e., early to mid summer. Samples were tested for: major solutes, pH, conductance, and acid neutralizing capacity (ANC). Sampling and analyses were a collaborative effort involving local citizens in a watershed coalition, the County government (San Miguel County Planning Department), the State government (Colorado Department of Health), the Federal government (EPA) and University of Colorado geographers.


The findings in Telluride indicate that nitrate concentrations vary by landscape type, they are higher in talus and tundra and low in forested areas. Therefore, disturbance will most likely elevate nitrate in talus and tundra, but not forests. Telluride wished to keep high-elevation areas “pristine”. Inherent in this decision was a desire to maintain the economic benefits of a local population surrounded by “pristine” lands. Developers were reasonably happy with this decision as were environmental interests, and pristine lands maintain environmental integrity.


Land use codes developed to maintain economic activity while keeping lands pristine will depend upon local culture and politics, science can only advise. However, with water quality as an ecosystem indicator, land use managers and local stakeholders must decide on an acceptable level of perturbation for what they define as pristine, e.g., agricultural areas will have different nitrate values than housing subdivisions. In Telluride, the new land use codes limiting building footprints, banning new septic systems,  fertilization and winter plowing, and limiting access road width, have effectively ended trophy home development and their increased environmental impact. Limiting building footprints allows a reasonable residence of 2,400 ft2 (3 stories are allowed). New roads may be built, but the 10-foot width limitation means that emergency service vehicles will not have access.  That restriction, along with the prohibition on winter plowing and maintenance, encourages shorter and fewer new roads (Friend 2002, Inyan and Williams 2001). 


As scientists, we cannot defend 800 ft2 versus some other larger size, but we can defend no buildings as the optimum solution to maintain pristine values. However, no buildings would be a “takings”. Permitting construction removes “takings”. Allowable size then becomes a legal issue based on the argument that no construction is the ideal solution

Lessons Learned in Telluride


Working with the public is essential to “spread the word” about a science based approach where public help is needed in collecting data and later when deciding what are acceptable levels of perturbation. In Telluride, this involved public workshops, public presentations to the planning department, public meetings with County Commissioners, newspaper and radio announcements, and all landowners were notified by mail. Also, when working with the public, scientists and land use managers must be ready for the “who cares anyway” question. Avoid terms that place personal value such as, “good”, “bad”, “unhealthy,” etc. Remind the public that land-use codes are a political and cultural decision, not scientific. Telluride focused on whether to maintain these areas in a “pristine state”… a cultural decision that in this case could be justified and supported with science.


Making all information visual is imperative! Make excellent maps showing landscape types and their sensitivity. In the Telluride study 3 ft x 4 ft maps of each watershed were made for display with 18 maps in total. Each map had the sensitive areas with private parcels overlaid. People spent hours poring over the maps as they were certainly the biggest selling point. This and landscape level analyses are the perfect use for Geographic Information Systems (GIS). 


To collect the needed data local volunteers are more than acceptable. This kind of project can be win-win with local schools and, as in Telluride, with a local watershed coalition. Collection of water samples is very simple, minimal training and equipment are required. Local stakeholders develop a greater sense of ownership and learn more about their local environment as well as become more familiar with their land use managers.

Conclusion


In Telluride, researchers worked with local stakeholders and helped successfully translate research results into public policy that effectively, fairly, and with excellent legal “defensibility”, limited growth to sustainable levels. This example of policy implementation and control at the local level provides a model that can be calibrated for different land use scenarios and can be used in any mountain community. Since everyone (and we mean everyone, including development interests) uses water and agrees it should be clean, it is a commonality among all mountain areas, and since water quality is diagnostic of ecosystem health, it is an excellent and easily used tool to keep land use sustainable. By limiting changes in land use that affect water quality we move toward a sustainable environment.  This approach has proven success yet is presently underutilized. 
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