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Foreword

in 2010, the Model Forest Policy Program (MFPP), the Cumberland river Compact, and the Canyonlands Watershed Council  (CWC) 
came together to create a climate adaptation plan for the community of Moab and Castle Valley, Utah  It came about because MFPP 

recognized the critical need for local community resilience against the impacts of climate change by protecting forest and water 
resources. This climate adaptation plan for Moab and Castle Valley, Utah presents the results of a year of community team effort, deep 

and broad information gathering, critical analysis and thoughtful planning. CWC took the local leadership role to engage with the 
Climate Solutions University: Forest and Water Strategies program (CSU) and lead their community toward climate resilience with an 
adaptation plan that addresses their local climate risks and fits their local conditions and culture.  This achievement was made possible 
by the guidance and coaching of the Climate Solutions University: Forest and Water Strategies program (CSU) created by the Model 
Forest Policy Program in partnership with the Cumberland River Compact.  The goal of CSU is to empower rural, underserved com-
munities to become leaders in climate resilience using a cost effective distance learning program.  The result of this collaborative ef-

fort is a powerful climate adaptation plan that the community can support and implement in coming years. The outcome will be a com-
munity that can better withstand impacts of climate upon their natural resources, economy and social structure in the years to come. 
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this document records the results of almost a year of plan-
ning and research performed by the staff of the Canyon-
lands Watershed Council (CWC), primarily as guided by the 
Climate Solutions University (CSU) program. The process 
focused on the watersheds of Moab and Castle Valley, two 
small towns in southeastern Utah.Those two towns are the 
population centers of Grand County. Located in a little-in-
habited portion of the state, surrounded by wilderness, the 
towns hold about 8,000 people.

the climate is typical of high desert, with cold winters and 
very hot summers. The topography is scenic and rugged, 
dominated by deep labyrinthine canyons, high redrock me-
sas and snow-capped mountain peaks. The vegetation differ-
ence between elevations is extreme, with most of the rainfall 
and vegetation concentrated in the relatively small region at 
the highest elevations. The La Sal Mountains are the tallest 
mountains in the Colorado Plateau; rainfall at the river is 8 
inches a year and at the summits of the La Sals is 40 inches.

the political climate is polarized, especially regarding en-
vironmental issues, with both Sagebrush rebellion climate 
change skeptics and true-believer environmental advocates 
in about equal supply. A direct publicity campaign about the 
dangers of climate change is not likely to be an effective use 
of CWC’s time. 

The economy, however, is of interest to everyone. Over the 
last twenty years, outdoor tourism and resort development 
have become the area’s primary economic driver. Forest 
products, on the other hand, have never been a significant 
activity because of sparse vegetation. There have been no 
commercial logging or similar projects within the focus area 
for many years, and thus commerce poses little threat to for-
est health.

Climate change predictions for the region tend to focus on 
one factor: higher temperatures. Secretary of Interior Ken 
Salazar has said that climate change will affect the Colorado 
River (and its basin) more than any river in North America. 
Higher temperatures bring not only heat, but increased rates 
of evaporation, stressing already stretched water resources. 
Predicted losses in soil moisture from increased evapora-
tion are likely to trump any possible increase in precipitation 
(precipitation models tend not to be as reliable as tempera-

Executive Summary

ture models). Higher temperatures are also likely to bring 
more extreme storms, with lightning-ignited wildfires and 
heavy flash floods likely to increase.

Currently, the area’s culinary water resources seem to be both 
stable and ample; all culinary water comes from wells that 
are tapped into an aquifer that has shown no sign of draw-
down. Irrigation water, which is based mostly on streamflow 
diversion, is more vulnerable, with fairly minor shortages 
now occurring regularly at the end of the summer. Instream 
flow is the most vulnerable of all because Utah water law 
does not require that water flows be kept at levels viable to 
support life, and so lower portions of the creeks are often 
completely dry during irrigation season. 

taking all of this into account, CWC staff wrote an Action 
Plan that focused on working with local government enti-
ties and other nGos to create a multi-stakeholder water-
shed council, which has never before existed in southeastern 
Utah. This council’s purpose is to write a watershed plan that 
gathers all relevant data into one place, performs analysis, 
and recommends on-the-ground projects and management 
changes based on that analysis. By including a diverse set of 
local interests, this Action Plan focuses on bringing the dis-
parate elements of the community together with the common 
goal of protecting water. The resulting watershed plan will 
reflect the best available information and should have the 
support of a broad cross-section of local interests, making it 
more likely to be effective. 

the result of this partnership should render the Moab and 
Castle Valley area more resilient to the water scarcity and 
extreme weather of climate change, while avoiding the para-
lyzing polarization of Utah’s environmental politics. 
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the rise of global average temperatures, now recognized 
as “climate change,” is a global phenomenon. Regardless 
of anyone’s political affiliations, rising global temperatures 
and the subsequent impacts on communities and ecosystems 
are universally recognized as a serious issue requiring urgent 
attention. The two primary responses are 1) mitigation to re-
duce the warming effects of greenhouse gases in the atmo-
sphere and thus reduce the severity of climate change, and 2) 
adaptation to enhance ability of society and natural systems 
to absorb climate impacts and reduce the harm caused by the 
climate change that cannot be avoided. 

Despite the fact that each of us can work to reduce our per-
sonal production of greenhouse gases, globally effective cli-
mate change mitigation (reducing greenhouse gas emissions) 
is a high level policy issue requiring action on a global scale 
driven by national policy decisions. However, local govern-
ments and communities can and should undertake meaning-
ful mitigation and adaptation efforts to play their role in the 
overall response to climate issues. Mitigation efforts are pri-
marily aimed at reducing green house gas emissions caused 
by energy and transportation. While this is very important 
to do, it is not sufficient to address the impacts of climate 
change that are already occurring and cannot be averted due 
to the drivers of climate change already in motion. 

At the local level, the most direct influence that local com-
munities can make is through land use decisions aimed at 
climate adaptation. Adaptation (dealing with the impacts of 
climate change) occurs from the bottom up and as such is a 
good fit for local direct action. A core element of that local 
action, water, has always been and will continue to be im-
portant in Moab’s desert environment. However, as tempera-
tures continue to increase and soil moisture decreases, the 
importance of protecting Moab’s water resources will rise to 
new heights. Our review and analysis of climate change im-
pacts in southeastern Utah concludes that protecting the wa-
ter resources, both quality and quantity, is the core of making 
Grand County resilient to climate change. Moreover, the ac-
tions that will make our communities more resilient to cli-
mate change are also those that will better prepare us to meet 
challenges that are not climate-caused, such as population 
growth.

Climate change models for Southeastern Utah are consis-
tent in their temperature predictions although precipitation 
predictions are variable. The area has already experienced 
increased average temperatures of 3 degrees Fahrenheit over 
the past fifty years and is predicted to increase by another 
seven degrees in the coming fifty years. Further, increased 
evaporation due to increased temperatures will trump any 
potential increase in precipitation and result in a net loss 
of available water. Both soils and forest water storage will 

Summary of Climate Change

irrigation is by far the largest water user in the Moab and Castle 
Valley watersheds. Photo credit: Laurel Hagen 
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decrease and experience a drying out due to decreased soil 
moisture as a result of increased temperature. Moab’s al-
ready scarce water resources will become even more in de-
mand. Precipitation and major storm events are expected to 
become more extreme and violent and have already trended 
in this direction over the last fifty years. Increased rainfall as 
a percentage of the total precipitation will have negative im-
pacts on snow pack, the resulting run-off, and water storage, 
while increasing the risk of flooding. Likewise, with more 
intense rainfall and rapid runoff will come longer periods of 
drought between rain events, which increases Moab’s risk 
for catastrophic forest fires.

it is important for Moab and Grand County to directly ac-
knowledge these current and projected impacts of climate 
and act now to adapt and move toward climate resilience. 
However, given southeastern Utah’s extreme political po-
larization and sensitivity regarding environmental issues, 
the CSU team feels that it would not be helpful to push a 
direct acknowledgment of climate change. The Moab area 
can begin to address climate change resilience by looking at 
individual issues that everyone agrees are important, such as 
water scarcity.

Extreme weather events, like this monsoon storm over the Moab 
valley in June 2010, are likely to cause an increase in flash flood-
ing and infrastructure damage. Photo credit: Laurel Hagen

Extreme monsoon storms in September 2010 destroyed the Min-
eral bottom road, a major backcountry route used by recreation-
ists. An earthen-dammed stock pond failed at the top of a cliff, 
releasing a flood down a dry arroyo and washing out hundred-
foot wide sections of switchbacks. Photo credit: Laurel Hagen
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Developing this plan

the Action Plan contained in this document is part of a two-
tier process in which Climate Solutions University (CSU) 
students will continue to participate after the CSU program 
is completed. 

the process started with the Canyonlands Watershed Coun-
cil (CWC). CWC is an volunteer-based and relatively in-
formal environmental advocacy group that, at the time of 
applying to the CSU program, had been meeting for about 
eighteen months to discuss watershed planning. However, 
CWC volunteers had some trouble actually writing any sec-
tion of a watershed plan. 

After a number of meetings over a few months, CWC host-
ed a presentation from the Utah Division of Water Quality 
scientist, Mike Allred, who oversees southeastern Utah. He 
connected CWC with the funding and advisory sources at 
the state level, and CWC volunteer laurel Hagen pursued 
this funding by meeting with various state officials. It quick-
ly became clear that the state would not be willing to sponsor 
an environmental advocacy organization to conduct water-
shed planning alone; it would be necessary to create multi-
stakeholder watershed council that included a broad cross-
section of local interests, especially government entities. 

Soon after, laurel Hagen and Dave Erley joined the CSU 
program. They pursued the creation of the Moab Area Wa-
tershed Council (MAWC), a diverse multi-stakeholder en-
tity which would fulfill the requirements for a longer-term 
government-backed watershed planning process. Simulta-
neously, they went through the CSU training modules and 
solicited assistance from CWC volunteers. 

laurel and Dave determined that MAWC, which was dif-
ficult to put together because of the differing political and 
bureaucratic needs of the varied participants, was nowhere 
near ready to participate meaningfully in the CSU program. 
Further, the non-environmentalist sectors of the community 
would not react well to participating in a plan that was explic-
itly about preparing for climate change, as climate change is 
a very polarizing topic in Utah. However, the research and 
analysis resulting from the CSU program can be very helpful 
to feed into the MAWC watershed planning process, and that 
process would inevitably address the most important climate 

change issues in the region.

laurel and Dave performed nearly all of the primary re-
search and analysis for the CSU program, with assistance 
on specific tasks (such as mapping potential groundwater 
recharge areas) provided by about half a dozen CWC volun-
teers. They conducted a systematic assessment of forest, wa-
ter, climate and economic conditions to identify the risks and 
opportunities related to climate change. The findings were 
synthesized and analyzed to understand the key local risks 
and opportunities for the community to act upon in the Moab 
Castle Valley area. They provided updates on their progress 
at regular CWC meetings. During the later parts of the pro-
gram, in which the gathered data was analyzed, laurel and 
Dave conducted brainstorm sessions and gathered input on 
risk levels, and possible measures to reduce the risk of harm, 
from CWC volunteers. The outcome is this plan with specif-
ic goals, objectives and strategies designed to bring climate 
resilience to the community. 

The final Action Plan was presented at a CWC meeting in 
early December 2010, to general acclaim. Implementation 
will partly be carried out as part of the MAWC Watershed 
Planning process, and partly by Dave Erley and laurel Ha-
gen as CWC employees in 2011 (if funding is forthcoming). 

CWC employees and CSU pariticpants created many Powerpoint 
slides like this one as part of keeping partners in the information 
loop. Photo credit: Laurel Hagen
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Local Governmental Structure

The governance of land and water in the Moab-Castle Val-
ley area is complex, mostly due to the large number of gov-
ernment agencies that own or manage resources. In Grand 
County, the federal government owns 71.7% of the land, the 
state owns 15.5%, the Ute Tribe 8.4%, and 4.3% of the land 
is in private ownership. The Ute Reservation is far to the 
north of the project area and the tribal government has not 
played a part in this project. 

the combined watersheds of the two valleys cover approxi-
mately 125,276 acres. Of that, 43% is National Forest, 27% 
is managed by the bureau of land Management (blM), 
16% is privately owned, and 12% is State Trust land (which 
is available for development with very few environmental 
restrictions). Just over half of that is in San Juan County, 
with the rest in Grand County, where nearly all of the area’s 
population resides. 

the Forest Service and blM, therefore, are by far the most 
important players in climate change adaption in undevel-
oped areas. The City and County governments play an ad-
visory role regarding federal and state land management, 
with more direct control over private lands. State lands are 
controlled by a single agency, the State institutional trust 
lands Administration, with mostly advisory roles played by 
various branches of state government. The state government 
exercises direct control, however, over two very important 
resources: wildlife and water. 

Each level of government—federal, state and local—con-
tains multiple branches that participate in local land and wa-
ter management. Each of the entities listed below has been 
invited to participate in the Watershed Planning process be-
gun by CSU students; levels of participation in the process 
so far are noted.
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IMPORTANT LAND AND WATER MANAGEMENT ENTITIES 
IN THE PROJECT AREA

NAME TYPE POWER TO MAKE 
DECISIONS 

THAT IMPACT 
WATERSHED

LEVEL OF PARTICIPATION IN 
MAWC (TO DATE)

Bureau of Land 
Management

Federal High Primary, Active

Power: The BLM has direct managerial control over 27% of lands in the 
watershed, mostly mid-to-lower elevation desert, canyon bottom and scrublands. 
BLM controls important lowland riparian areas and some aquifer recharge areas.  
Participation: The BLM has been supportive and cooperative of the creation of 
MAWC, with staff attending every meeting and expressing interest in aspects of 
the project. The BLM’s current management plan requires the agency to conduct 
municipal watershed planning, so the BLM may decide to fulfill that via the 
MAWC process.

US Forest Service Federal High Primary, Active

Power: The Forest Service controls the most land in the watershed, 43%, including 
the areas providing the most water to surface and underground flows. The FS also 
controls nearly all of the forested areas; in this desert region forests are mostly 
limited to higher elevations, which receive more water. The Forest Service is about 
to undergo several different layers of planning, addressing major issues such as 
grazing, fire suppression, and general management zones. 
Participation: The Forest Service has also been a solid partner in the early stages 
of MAWC, with support from the local District Ranger and regular attendance 
from the head hydrologist, who has participated in successful watershed 
restoration efforts in other parts of the state. 

National Park Service Federal Low Advisory

Power: The National Park Service (NPS) does not control any lands within the 
watershed, though there are two National Parks nearby. However, the Park Service 
does conduct scientific studies and educational activities in the area, and could 
provide a valuable voice in the planning process.
Participation: The regional Parks Superintendent attended meetings and 
presentations early in the formation of MAWC, and has expressed interest in being 
on an Advisory Council or similar.
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US Geological Survey Federal Low Advisory

Power: Advisory only
Participation: USGS personnel have expressed interest in helping the watershed 
planning effort via information gathering

Environmental Protection 
Agency

Federal Moderate Advisory by proxy (via 
Utah Division of Water 
Quality

Power: Regulatory
Participation: Only by proxy, via funding and regulations administered through 
the UDWQ (below)

Utah Division of Water 
Quality (UDWQ)

State Moderate Primary, Active

Power: The Utah Division of Water Quality oversees watershed planning and 
protection programs throughout the state, monitors and enforces water quality 
standards, and is providing funding and guidance for the Watershed Coordinator 
and MAWC. 
Participation: UDWQ has been instrumental in creating an intergovernmental 
Watershed Council, and in ensuring that watershed planning will actually take 
place.

Utah Division of Forestry, 
Fire and State Lands

State Moderate Advisory, Silent 
Attendance

Power: The Division works on state lands and with private landowners to manage 
forest resources such as timber and water. However, private and state lands 
represent a relatively small portion of the watershed.
Participation: Division personnel have attended several meetings and expressed 
interest in participating in watershed planning in an advisory capacity.

State Institutional Trust 
Lands Administration 

State High Primary, Silent 
Attendance

Power: SITLA controls several relatively small but very important parcels of land 
in the watershed. 
Participation: SITLA has expressed a desire to participate in watershed planning. 
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Synthesis of Risk Assessment Findings

Forest
the main risks to Moab’s forested resources are species 
change and loss of watershed capacity. Aspen and Pinyon 
pine are the two species in the greatest decline; there are 
multiple factors at play in the decline, but important stress-
ors include warming temperatures, invasive species (such 
as pine bark beetle), fire suppression, livestock grazing, and 
game species overpopulation. The Canyonlands watershed 
does not contain any forest used for commercial logging and 
therefore the biggest risk to our forested resources comes 
directly from increased temperature from climate change, 
which will cause loss of water quantity, reduced soil mois-
ture, species change, and probable loss of biodiversity. Cattle 
grazing and outdoor recreation are the primary human uses 
of forested watershed lands. Catastrophic forest fire, with re-
sultant erosion and flood problems, is also a major threat to 
watershed health.

Case Study
The Porcupine Ranch fire of 2008 burned 3,400 acres 
and did extensive damage to one arm of Castle Valley’s 
watershed. The summer had been extremely dry due to 
a prolonged drought resulting in low tree moisture lev-
els. Some trees literally exploded and the fire burned so 
hot the earth was scorched, killing the top layer of soil 
and destroying shallow root systems. The next summer 
the area received five inches of rain overnight, creating 
a massive flash flood, carrying huge debris flow of the 
burned material causing extensive damage in the lower 
areas. NRCS estimated that Placer Creek, an ephem-
eral stream, ran at six to eight thousand cubic feet per 
second, which is twice the normal summer flow of 
the Colorado River. Extreme erosion on hillsides and 
in the forested headwaters negatively impacted the 
stream banks ability to re-vegetate. While no one event 
can be tied directly to climate change, this example of 
extreme fire and flood events is typical of what climate 
models predict with increasing frequency. 

A thin snowpack in Gold basin lies below aspens that are being 
outcompeted by invasive conifers. Photo credit: Laurel Hagen

The Porcupine Ranch fire damaged soil integrity in the upper 
Castle Valley watershed. Photo credit: Yrma Van der Steenstraten

the burned watershed then received a downpour that massively 
flooded the lower valley. Photo credit: Yrma Van der Steenstraten
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Water 
The water resources in Moab and Castle Valley have already 
been impacted. The local Spanish Valley reservoir, Ken’s 
lake, has been drained to dangerously low levels the last 
two years and has not been filled to capacity at any point in 
this century. Moab’s primary water source, the Glen Canyon 
and valley fill aquifers, have not been noticeably impacted 
so far (according to the limited monitoring performed by lo-
cal water agencies). Surface water flows, however, particu-
larly at the end of the summer and during growing seasons, 
has been consistently scarce.1 Even with over 200% of nor-
mal snow pack during winter months, the quantity of surface 
water was scarce during the summer of 2010. 

Dust on snow pack and increased sublimation due to in-
creased temperatures at higher elevation are two more phe-
nomena which lessen water resources and are exacerbated 
by climate change. Dust increases due to dryer soils in 
the desert southwest of Moab from increased evaporation 
caused by temperature increase. These deserts are also im-
pacted by cattle grazing, development from mineral extrac-
tion industries, and recreational off-roading, all of which de-
stroy soil crusts that keep dust from being blown into the air.  
increased winds from more violent storms transport the dust 
to the peaks high above the desert mesas. What once was 
a rare phenomenon is now an annual event each spring in 
Moab, which the Moab Times-Independent, documents with 
a cover photo reminiscent of images from the dust bowl era. 

Climate
The impacts of climate change on Moab and Castle Val-
ley will include scenarios such as very dry summers where 
droughts and forest fires compromise both water quantity 
and water quality. During these periods of drought, water 
resources are stretched beyond capacity, negatively impact-
ing both ecosystems and human water needs. More severe 
drought could be broken by occasional  very wet summers, 
where flash flooding is the serious threat to forests and infra-
structure. A dry spring and summer could cause extreme fire 
conditions in mid-summer, followed by violent monsoons 
(bringing both lightning and flash floods) at the end of the 
summer. All of these conditions together put the Moab/Cas-
tle Valley watersheds at very high risk for natural disasters.2 
Economic
the economic impacts of climate change are hard to antici-
pate; we must therefore make various guesses as to where 

1 “blM grants water agency’s request to lower Ken’s lake 
water level due to summer drought.” Moab Times-Independent, 
09.10.09. http://www.moabtimes.com/view/full_story/3567289/
article-BLM-grants-water-agency%E2%80%99s-request-to-low-
er-Ken%E2%80%99s-Lake-water-level-due-to-summer-drought?
2 “Forest responses to increasing aridity and warmth in the south-
western United States.”  Proc. Natl. Acad. Sci. USA 2010 107 
(50) 21256-21262 . http://www.pnas.org/content/107/50/21289.
abstract

low levels in Ken’s lake, the local reservoir, leave sandy ledges 
along the empty shores. Photo Credit: Laurel Hagen

A spring windstorm hits disturbed soil in the Moab valley, which 
carries dust onto mountain snows. Photo credit: Laurel Hagen

Snow and storms in the mountains above Moab are a key source 
of water for all use types. Photo credit: Laurel Hagen
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economic strains may be incurred. 

For example, increased summer heat could reduce sum-
mer tourism activity by making outdoor activities unbear-
able during high heat days. However, warming winter tem-
peratures could simply shift tourist season from summer to 
winter, attracting “snowbirds” from colder areas. Lowered 
water levels in the Colorado river, or damage to backcoun-
try road systems from fires and flooding, could negative-
ly impact wildland tourism (such as mountain biking and 
whitewater rafting). Climate change may also have positive 
effects on economic activity. For example the increase of 
gas prices over the past two years would seem to have nega-
tively impacted Moab’s tourism industry; however, the past 
two years have set records for the local tourism economy. It 
seems that Moab is a cheap vacation relative to other desti-
nations and that the price of gasoline is not currently keep-
ing tourists away.

Water shortages could impact real estate development rates, 
and the risk of water scarcity could potentially impact over-
all economic growth and push Moab and Castle Valley into 
economic decline. However, a decline in property values 
could be considered beneficial to parts of the community, 
since the region has been subject to an affordable housing 
shortage caused by the real estate boom. 

Agricultural industry may also be impacted, as culinary wa-
ter needs are put into competition with irrigation. Agricul-
ture is currently a relatively tiny portion of the area’s econ-
omy, and realistically could disappear without much fiscal 
impact. However, if gas prices become higher and the cost 
of transporting many foods becomes prohibitive, agriculture 
could become of key importance to local survival.

Some economic impacts of climate change are more obvi-
ous. Flood damage to infrastructure is a given. For example, 
flash flooding destroyed the Mineral Bottom road; the BLM 
estimated the road’s elimination cost the local economy $4.9 
million and 87 jobs. The reconstruction costs could exceed 
$10 million. Currently those funds are being paid by the 
Federal Emergency Highway Funds, but as climate change 
impacts increase throughout the United States those funds 
may become more competitive. Forest fires and increased 
cost of water treatment are also more obvious hard costs 
that may negatively impact Moab’s economic condition as a 
result of climate change impacts. 

High gas prices and increasing temperatures have not dampened 
Moab’s tourism numbers. Photo credit: Laurel Hagen

it’s hard to predict whether water shortages, high temperatures 
and other climate stresses will impact the local economy. The 
proposed luxury development above has been repeatedly delayed 
by the nationwide recession, and the environmental concerns 
around the development seem to have had little effect. Illustra-
tion credit: Laurel Hagen
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climate action plan

Strategy/ Actions Person/ 
Entity 
Responsible

Due Date

GOAL A. The Mill Creek and Castle Creek watersheds and forests produce and 
contain water of sufficient quantity and quality to support sustainable levels of 
culinary, irrigation and instream flow use. 

Objective 1: Bring together all major water and land 
management stakeholders in the Moab area to form a 
watershed council (MAWC), securing wide support for 
watershed and forest protection measures.

February 2011

Strategy 1: Political.  Ensure support from local political leaders and entities, 
ideally both formal and personal support

1
Secure votes of support and 
commitments of participation from 
relevant political entities (Castle 
Valley, City of Moab, Grand 
County, San Juan County).

Laurel and 
Dave

Already 
completed except 
SJC

Official votes of support 
are recorded from all 
three entities

KEY: Green. Finish by end of 2011.     Blue. Start by end of 2011.  Yellow fill: not done as of Dec. 2010
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2

Secure personal support from 
individual Council members, keep 
them informed

Laurel and 
Dave

Mostly 
completed

Individual Council 
members vote in support 
of participation, sign 
up for email updates; 
later in process, Council 
members advocate for 
watershed protection 
measures

Strategy 2: Agency Involvement. Ensure meaningful involvement from relevant 
agencies in MAWC.

1 Secure commitments from decision-
makers of relevant agencies: BLM, 
FS, GWSSA, Conservation District, 
Div. of Water Quality, Park Service, 
USGS, Utah State University 
extension, Forestry Fire and State 
Lands, SITLA, Dept. of Wildlife 
Resources, Divs. Of Water Rights 
and Resources. 

Laurel Mostly 
completed, 
January 2011

Decision-makers of 
identified entities sign 
MOU to participate in 
MAWC in February 
2011

Strategy 3: Public Outreach. Make early efforts to secure public support for 
creation and goals of MAWC

1 Secure participation commitments 
from a cross-section of non-
government stakeholders: hunters/
anglers, ranchers, environmental 
advocates, irrigators, farmers, 
recreationists

MAWC, 
Laurel and 
Dave

Mostly 
completed, 
ongoing. January 
2011

NGOs of at least one 
good representative of 
each named interest 
signs MOU in Feb 2011

2 Get at least one article in local 
media informing the public of 
the creation and purpose of the 
Watershed Council. 

Laurel and 
Dave

Already done Article is published

Strategy 4: Internal Organizational Health. Ensure an effective MAWC by taking early measures to make 
the organization well-designed
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1 Hire a neutral professional 
facilitator to conduct at least a 
portion of meetings.

MAWC, 
Laurel, Dave 
and Mark 
Sovine

Done Facilitator signs contract

2 Conduct a governance session to 
write rules, mission etc. 

MAWC January 19, 2011 Governance session 
ends with a document 
all participants agree 
upon by February 2011
 

3
Secure funding and state 
government support for a 
Watershed Coordinator to keep the 
Council going. 

Laurel Done Grant is awarded to 
fiscal sponsor

4 Staff the Council in the interim until 
a Coordinator is hired. 

Laurel Ongoing, 
concluding 
December 2010

Laurel attends all 
MAWC meetings, 
ensures that the above 
actions are completed

GOAL A

Objective 2: Write a Watershed Plan for the Mill Creek (Moab/
Spanish Valley) and Castle Creek (Castle Valley) watersheds 
and forested lands. (The Plan will encompass a wide range of 
other concrete objectives that require government and public 
cooperation, including water efficiency programs and forest 
restoration projects). 

End of 2013

Strategy/ Actions Person/ Entity 
Responsible

Due Date metrics

Strategy 1: Public Outreach.  Ensure that public involvement is solicited for the 
Watershed Planning process.

1
Create website for Moab Area Watershed 
Council (MAWC), post at least monthly 
updates.

MAWC; 
Watershed 
Coordinator 
(WC)

End of June 
2011

When website is 
up and is update 
monthly
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2

Each year, get the local newspaper to run 
either at least two longer articles about the 
planning process or watershed issues, or 
ask for a regular column about same, or ask 
for a full special issue insert on watershed 
topics. 

MAWC or 
possibly CWC; 
WC

End of 2011, 
same in 
each year 
of planning 
process

At least one of 
the three stated 
options appears in 
the newspaper

3
Conduct outreach for MAWC (tabling, 
lectures or similar) at 2 events per year at 
minimum. 

WC End of 
2011, same 
each year 
of planning 
process
 

appear at 2 events

4
Ensure that all MAWC meetings and 
decisions are posted for public perusal 
according to legal requirements. 

WC; MAWC 
Ex Com

ongoing
Meetings 
are posted 
according to legal 
requirements

Strategy 2: Political/Legislative. 

1
Keep relevant local officials (listed in the 
Matrix) updated on watershed planning 
process with (at minimum) monthly email 
updates. Solicit input, via email or in 
person, on at least a monthly basis. 

MAWC/
WC; CWC 
informally 
with friendly 
officials

Ongoing 
through 
planning 
process

2
The Watershed Coordinator will make an 
annual presentation, both in writing and in 
person, with backup from a MAWC agency 
member, on the progress of the watershed 
planning process to both the Grand County 
Council and the Moab City Council. 

WC Ongoing  
through 
planning 
process

Strategy 3: Science/ data gathering. Gather the necessary information to write a well-
informed watershed plan. (note: these tasks are somewhat vague because they are 
preliminary ideas that will be refined further in concert with MAWC members and the 
agencies that collect the data via the planning process)

1 With each agency, write and commit 
to a plan of current on-the-ground data 
gathering to document forest and water 
conditions and trends, including quality 
standards and meaningful coordination. 
More specific tasks will be assigned and 
completed by each agency.

MAWC, WC, 
individual 
agency liaisons 
as later 
assigned

End of 2013 
(when the 
Watershed Plan 
is completed)

Watershed 
Plan contains 
a robust 
monitoring 
section
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2 Expand BLM and program of rain 
can sampling to include the Moab/CV 
watersheds and National Forest lands. 

BLM, Ann 
Marie Aubrey; 
MWC, Laurel; 
Forest Service, 
Pam Brown

End of 2013 BLM and FS 
work together 
to install and 
monitor at 
least 6 rain can 
stations within 
the watershed

3 Get local mountains and deserts included in 
Colorado academic dust-on-snow studies. 

CWC, Dave 
Erley

End of 2013 At least one 
study includes 
meaningful data 
or analysis of 
dust production 
and settling in 
southeastern 
Utah

4 Collect existing aerial photo documentation 
from USDA and state for use in vegetation 
change pattern analysis.

End of 2013 Watershed 
Plan reference 
section includes 
a full set of all 
available aerial 
photos of the 
watershed, 
sorted by date

5 Install USGS or other monitored flow 
gauges on at least five streams in the La 
Sals, plus lower Pack Creek, lower Mill 
Creek, the Somerville Ditch, the Burro 
Pass ditch, the South Mesa Diversion, all 
Moab Irrigation Company diversion works, 
and other appropriate locations. 

MAWC, USGS, 
WC

End of 2013 Gauges are 
installed on all 
listed streams

6 Collate existing water use data from the 
City of Moab, GWSSA, and any other 
water providers. 

WC, City, 
GWSSA, Castle 
Valley/ Dave

End of 2013 Watershed Plan 
includes data 
documenting 
all records of 
municipal water 
use

7 Collate existing water rights data and use 
estimates from Utah Div. of Water Rights 
(for wells). 

WC, UDWR 
liaison, CWC/ 
Dave Erley

End of 2013 Same as above, 
but for private 
wells
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8 Working with the existing USGS program, 
collate existing water and soil/forest-
related studies relevant to our watersheds, 
particularly the temperature and moisture 
samples taken in this area. 

MAWC/ Laurel, 
USGS liaison, 
CWC/ Dave 
Erley

End of 2013 Watershed 
Plan  includes 
a section 
documenting 
changes in soil 
moisture and 
temperature

9 Collect all monitoring data for our 
watersheds from the Utah Division of 
Water Quality. 

MAWC/Laurel End of 2013 Watershed 
Plan includes 
a section 
documenting 
trends in water 
quality in all 
monitored 
streams

10 Working with the Forest Service, catalogue 
all existing monitoring data on watershed 
forest/water/soil conditions. 

CWC, Dave 
Erley

End of 2013 Watershed 
Plan contains 
a section 
synthesizing the 
current data on 
Forest health, 
including 
trends in major 
indicators and 
needs for more 
research

12 Same as above with BLM. WC End of 2013 “

13 Same as above with SITLA, Forestry Fire 
and State Lands. 

WC End of 2013 “
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14 From all agencies, collect all issued 
instructional pamphlets that could assist in 
local or citizen monitoring efforts. 

WC End of 2013 The MAWC 
website has a 
section with 
all available 
materials 
posted; 
materials are 
used in outreach 
and citizen 
monitoring 
efforts

Strategy 4: Agency Involvement. Ensure meaningful participation 
from important government agencies throughout the Watershed 
Planning process.

1 Solicit and ensure continuance of active 
agency engagement in Watershed Planning, 
treating agencies as partners and partial 
drivers of the process (for specifics, see 
strategies 1 and 3 above). 

MAWC, WC Ongoing 
throughout 
process; this 
action will 
be renewed 
monthly or 
quarterly at the 
meetings of 
MAWC

All agencies 
listed in 
Objective 1 
sign and keep 
to MAWC 
participation 
MOU

GOAL A

Objective 3: Work with federal, state and local government entities to ensure 
that the policies identified in the watershed plan are adopted into enforceable 
regulations and enactable plans, particularly the Forest Plan, BLM Resource 
Management Plan, and the County General Plan. 

End of 2016

Strategy/ Actions Person/ 
Entity 
Responsible

Due Date metrics
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Strategy 1: Public Outreach.  Ensure that public involvement is solicited for 
the Watershed Planning process.

1 When the Watershed Plan is internally 
finalized, step up media campaign that 
has been ongoing throughout process 
(see O2 S1). This measure will employ 
tactics similar to those outlined in O2 
S1, but will be fleshed out in more detail 
as the time approaches, being tailored to 
current circumstances.)

MAWC, 
WC, CWC 
informally

End of 2013 

Strategy 2: Political/Legislative. CWC ongoing

1
Working with current political leaders 
(and allies that have been cultivated as a 
result of O2 S2 above), identify parts of 
the Watershed Plan that are relevant to 
each jurisdiction (Town of Castle Valley, 
City of Moab, Grand County, San Juan 
County) and draft ordinances, Code 
amendments or other legal measures that 
will write Plan recommendations into 
law. Shepherd these documents through 
the political process to ensure their 
passage

MAWC 
Formally 
/ CWC 
Informally

End of 2014

Strategy 4: Administrative.

1 Working with current administrative 
leaders and allies, identify parts of 
the Watershed Plan that are relevant 
to each agency’s guidance documents 
and draft measures that will write Plan 
recommendations into formal policy. 
Shepherd these documents through the 
administrative process to ensure their 
passage. 

MAWC 
Formally 
/ CWC 
Informally

End of 2015

GOAL A

Objective 4: Secure federal funds for the Moab/Spanish Valley groundwater study (this study 
has been in the hopper for years, under the sponsorship of Congressman Matheson, but still needs 
to go through the appropriations process). 

End of 
2013 
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Strategy/ Actions Person/ Entity 
Responsible

Due 
Date

Strategy 1: Outreach/Media. Get supportive statements into media outlets to 
motivate and support Matheson to pass the bill

1 Work with local newspaper and citizens to get at least one editorial and 
three LTEs or guest editorials published in support of funding the study. 
Ensure the need for the study, and Matheson’s support, are mentioned 
in any major article about watershed planning. Send copies of any 
published materials to Matheson’s office. 

MAWC primary, 
CWC in support

End of 
2012

Strategy 2: Political/Legislative. Work with Matheson’s office staff to ensure 
that local participation is effective in assisting passage (and good direction) of 
the funding by the end of the next congressional session. Specific tasks will be 
detailed further upon more contact with Matheson’s office.

1 Send to Matheson an official MWC letter of need/support for funding 
the study, signed by all participants.
  

MAWC End of 
2012.

Strategy 3: Agency Involvement. Secure expression of agency support for 
funding.

1 Insofar as is appropriate, work with local agencies to get letters or other shows of 
support from as high up the agency chain as possible. (See measure 1 above). 

End of 
2012

GOAL A

Objective 5: Ensure that identified sensitive private and state lands within 
the watershed—those with a potentially high impact on water resources—are 
protected from harm by regulations, conservation easements, and/or fee title 
purchases. 

CWC, 
possible 
MAWC 
support for 
specific 
parcels

?
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Strategy/ Actions Person/ 
Entity 

Due 
Date

Strategy 1: Scientific Studies/ Data Gathering.
 

1 Via the CSU process, identify key properties to target for protection. CWC Done

2
 
Determine what kind of protective measures and approach are appropriate to 
each parcel.

CWC, Dave 
Erley

End of 
2011

3 Via the MAWC data gathering process, refine further the priorities set by the 
CSU process. Include those priorities in the Watershed Plan.

MAWC, 
CWC

End of 
2013

4 Develop agreements with friendly landowners in high potential groundwater 
recharge zones to install weather and/or groundwater monitoring projects

CWC, 
MAWC, 
State Lands

End of 
2015

Strategy 2: Private Donor, Foundation or Landowner Recruitment. 

1 Make a database that identifies private landowners, potential donors or other 
entities that may contribute to the protection of key parcels.

CWC, 
Grand 
Canyon 
Trust (GCT)

End of 
2011

2 Make a presentation and hold a strategy session with board members of local 
conservation NGOs to explain the prioritization system and get advice and 
buy-in on moving forward. 

CWC, GCT End of 
2011
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GOAL B. Make the Moab and Castle Valley forests and watersheds more resistant to, 
and better able to adapt to, natural disasters such as wildfires and flash flooding. 

Objective 1: Work with public land management agencies to adopt 
beneficial and scientifically credible vegetation treatment and forestry 
practices that will reduce the risk of harmful wildfire without damaging 
ecosystems. This particularly includes active participation in the rewrites 
of:

•	 Moab Face Project 
•	 Manti-La Sal National Forest Grazing Management Plan
•	 Forest Management Plan

CWC 
lead, 
MAWC 
support

Due dates 
vary by 
Forest Service 
timelines for 
each project; 
none are set 
yet. 

Strategy/ Actions Person/ Entity 
Responsible

Due 
Date

Strategy 1: Outreach/Media. Get supportive statements into media outlets to 
motivate and support Matheson to pass the bill

1
For each of the above listed projects, ensure that local environmental 
organizations run newsletter articles and send requests for letters to their 
memberships. 

CWC Timeline 
TBD by 
Forest 
Service
 

2
Ensure that at least one article appears in the local newspaper covering the 
processes listed above, with background information on some of the more 
progressive theories of vegetation, fire and grazing management in forests. 

CWC
Timeline 
TBD by 
Forest 
Service

3 Schedule at least one public talk or interview by a local or traveling 
scientific expert to discuss veg/grazing management issues relevant to 
local processes. 

CWC, 
possibly 
MAWC

End of 
2011

Strategy 2: Political/Legislative. 

1 Secure a vote of support from the Grand County Council for conducting 
Forest District-wide studies of grazing and recreational impacts on Forest 
resources.

CWC Done, 
followup 
needed
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Strategy 3: Litigation. See Goal A, Objective 3, Measure 3 above. Litigation will 
be easier and more relevant with federal processes such as the Forest Service 
projects listed above, rather than state/local/private processes that are not subject 
to NEPA. 

CWC TBD by 
Forest 
Service 
actions

S4: Scientific Studies/ Data Gathering. 

1 Ensure that the Forest Service actually follows up on its commitment 
to installing an exclosure project across the entire mountain (to monitor 
differential impacts from different ungulates and types of treatments). 

CWC Project 
paperwork 
and design 
finished by 
the end of 
2011 

Work with local activists and scientists to collect data on grazing 
damage to riparian areas. 

CWC Currently 
ongoing; 
collect data 
in Watershed 
Plan 
document 
collection by 
the end of 
2013

As part of the Watershed Planning process, collect historic and current 
data on the occurrence and amelioration cost of fires and floods in the 
area.

CWC End of 2013

S5: Agency Involvement/ Management Policies

See S4 M1 above. CWC Project 
paperwork 
and design 
finished by 
the end of 
2011 

Participate in the design and implementation of the exclosure project. CWC Timeline 
TBD by 
Forest 
Service 
actions
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Participate in the writing and implementation of the new Grazing 
Management Plan.

CWC Timeline 
TBD by 
Forest 
Service 
actions

Participate in the writing of the new Forest Management Plan, 
particularly the parts that affect watershed function.

CWC, 
MAWC 
insofar 
as it jibes 
with the 
Watershed 
Plan

Timeline 
TBD by 
Forest 
Service 
actions, but 
is likely to be 
several years 
in the future 
because of 
national-
level 
controversy

GOAL B

Objective 2: Develop programs for private property owners to evaluate their 
vulnerability to both fire and flood, and help them improve their resistance. 
(With the purpose of reducing the need for fire treatments that negatively 
impact forested watershed lands). 

CWC lead, 
MAWC 
support

 
End of 
2012

Strategy/ Actions Person/ 
Entity 
Responsible

Due 
Date

Strategy 1: Outreach/Media. 

1
Research existing fire resistance programs, including pamphlets etc., and 
adapt at least one publication to local needs, distributing it to potentially 
affected homeowners.  Work with the Fire-Wise Communities Program. 

CWC End of 
2014

2
Ensure that at least one article appears in the local newspaper covering the 
need for fire-wise homes, including reporting the cost of fighting wildfires and 
the number of people affected by the threat. 

CWC End of 
2011

3
Same as #s 1 and 2 above for floods. CWC and 

MAWC
End of 
2014
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Strategy 2: Political/Legislative. 
Strategy Note: because our area suffers from a severe affordable housing problem, 
try to ensure that any measures above include reasonable opt-out options that 
allow people to build in flood or fire-prone areas if they are willing to opt out of 
government services for disasters. 

1
Work with local municipal governments (Castle Valley, Moab, Grand County, 
San Juan County) to pass ordinances to encourage people to make fire-wise 
homes. 

CWC, 
possible 
MAWC 
support

End of 
2012

2
Work with local municipal governments, via planning and zoning processes, 
to ensure that flood-prone areas have adequate protection from development. 

MAWC, 
WC, CWC

End of 
2015

GOAL B

Objective 3: Encourage county and city/town land use planning policies that 
limit development in fire/flood-vulnerable regions, and/or require landowners to 
either make defensible spaces around their homes, or sign a waiver that relieves 
government of the responsibility to protect their homes from wildfire or flash 
floods. 

CWC 
lead, 
MAWC 
support

 
End of 
2013

Strategy/ Actions Person/ 
Entity 
Responsible

Due Date

Strategy 1: Outreach/Media. 

1
See Public Outreach/Media measures for Objectives 2 and 3 above, again 
particularly focusing on the cost of protecting and maintaining disaster-
prone infrastructure. 

CWC, 
MAWC

End of 2012

Strategy 2: Political/Legislative. 
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1 Ensure that Fire-Wise Community principles are incorporated into the 
Land Use Codes and General Plans. 

CWC Partly 
complete, 
ongoing 
until the 
end of the 
city general 
plan 
revision 
process in 
2013 

GOAL C. Forest and water managers and citizens have timely, high-quality and plentiful 
data regarding changing on-the-ground conditions in local forests and watersheds.

Objective 1: Work with local government agencies (particularly Forest 
Service and BLM) to create the programs and infrastructure necessary to 
compile a record of current conditions in the watershed, particularly higher-
elevation forested areas and riparian zones. 

MAWC, 
CWC 
support

 
End of 
2013

Strategy/ Actions Person/ 
Entity 
Responsible

Due Date

Strategy 1: Political/Legislative. 

1
Secure Grand County government support, ideally in the form of a formal 
motion for this Objective. 

MAWC, 
CWC 
support

Partly 
complete, 
ongoing 

Strategy 2: Scientific Studies/ Data Gathering. Ensure that the data gathered 
is not scattershot, but is aimed towards seeing if forest environs meet desired 
conditions, and making a meaningful comparison of different management 
policies.

1
See Studies/Data Gathering Strategy in Goals 2 and 3 above. MAWC, CWC 

support
End of 
2012
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Strategy 3: Agency Involvement

1
Work with agencies to achieve this Objective by helping to write and 
implement positive measures in the Grazing Management Plan, Moab 
Face Project and Willow Basin Fuels Treatment Project. 

CWC, MAWC 
possible 
support

Timeline 
TBD by 
Forest 
Service

GOAL C

Objective 2: Work with local scientists, volunteers and nonprofit 
organizations to set up citizen monitoring and awareness programs to 
document changing conditions, particularly with regard to climate change in 
local forests and riparian areas. 

MAWC, 
CWC 
support

 
End of 2013

Strategy/ Actions Person/ 
Entity 
Responsible

Due Date

Strategy 1: Public Outreach/Media 

1 Partner with local conservation groups and activists to train volunteers 
in monitoring techniques and set up and oversee consistent citizen 
monitoring efforts, creating an informal oversight committee to ensure 
consistent results.  

MAWC, 
CWC 
support

November 
2012 

Strategy 2: Litigation. See litigation strategy in previous Objectives. CWC ongoing

Strategy 4: Scientific Studies/ Data Gathering. Ensure that the data gathered 
is not scattershot, but is aimed towards seeing if forest environs meet desired 
conditions, and making a meaningful comparison of different management 
policies.

1 Compile citizen monitoring data, as described above, on a yearly 
basis, submitting it to the agencies and (with an executive summary 
discussing trends etc.) other interested officials. 

MAWC, 
CWC 
support

Yearly, first 
report by 
January 2013
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Strategy 3: Agency Involvement

1 Partner with local Forest Service district office and BLM field office 
to train volunteers in monitoring techniques and set up and oversee 
consistent citizen monitoring efforts, ensuring that the citizen 
monitoring is effective according to agency standards. Agencies should 
also help decide monitoring targets as well as protocols.  

MAWC, 
CWC 
support

November 
2012

GOAL C

Objective 3: Work with government and organizations to compile the best 
possible set of historical data on forest and watershed conditions, in order 
to establish baseline data from which to assess the impacts of management 
and/or climate changes. 

MAWC, 
CWC 
support

 
End of 2013

Strategy/ Actions Person/ Entity 
Responsible

Due Date

Strategy 4: Scientific Studies/ Data Gathering. 

1
As part of the Watershed Planning process. See Goal A, O2 S3 for 
more detail. 

MAWC, CWC 
support

End of 2013

Strategy 5: Agency Involvement

1
Agency participation is integral to this Objective, as discussed above. MAWC, CWC 

support
End of 2013
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IMPLEMENTATION

2011: 
the Moab Area Watershed Council (MAWC) writes rules 
of governance. Utah State University hires a Watershed Co-
ordinator, who will staff MAWC and coordinate the writing 
of the Watershed Plan according to EPA and Utah Dept. of 
Water Quality rules. The Canyonlands Watershed Council 
raises funds and hires a staffer to implement the measures in 
this Action Plan that are outside MAWC’s purview. The Ac-
tion Plan items in blue will be completed by the end of 2011; 
the Action plan items in green will be started in 2011, but 
completed at a later date. The largest task for this year will 
be to start writing the Watershed Plan, including coordinat-
ing all the MAWC stakeholders to contribute expertise and 
information.

2012-2013: 
these two years will see the bulk of the writing and editing 
of the Watershed Plan, which will be completed and ready 
to submit for approval by the various MAWC participants 
by the end of 2013. CWC, coordinated by its staffer and 
working with its core group of volunteers, will continue to 
work on promoting climate change resilience measures that 
are outside the purview of the MAWC Watershed Planning 
process, such as flood preparedness legislation covering 
non-watershed lands and building exclosures as part of the 
Manti-La Sal Grazing Management Plan. 

2014: 
The Watershed Plan is approved by MAWC and by UDWQ. 
the Watershed Coordinator takes the Plan’s recommenda-
tions for on-the-ground projects and works with landowners 
and managers to write a set of grants to fund those proj-
ects. The bulk of those grant proposals will be due in August 
2014.  This year, the Watershed Coordinator and the CWC 
staffer will also work with MAWC members to implement 
the Watershed Plan’s policy recommendations. 

2015: 
this year will see the commencement of work on funded on-
the-ground watershed improvement and protection projects, 
as recommended in the Watershed Plan. 2015 will also see 
the implementation of the recommended measures for moni-
toring the success of the on-the-ground projects. 

A panoramic view of the frozen Axed’s Abyss springs in the Negro Bill Canyon area. This photo illustrates one of the important real-
izations that came out of the CSU analysis: that mesas, not just high mountains, are a source of aquifer recharge. These springs come 
out of sandstone that is cut off from mountain watersheds; all this water comes from the mesas.   Photo credit: Logan Hansen
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ADDITIONAL RESOURCES

“A framework to diagnose barriers to climate change 
adaptation.” Susanne C. Mosera, and Julia A. Ekstrom, 
November 2010.

“Beavers: The Engineers of the Forest.” Jennifer Weeks, 
Smithsonian.com, March 16, 2010.

“Charting a Course for the US Forest Service’s response to 
Climate Change.” Scientific American, August 2010.

Climate Action Plan Tax City of Boulder, Colorado 2006.

Climate as an Agent of biotic Change on the Colorado 
Plateau University of northern Arizona land Use History of 
North America Colorado Plateau,  2000.

“Climate as an agent of natural selection:  intersectional 
hybrids of a riparian tree suffer less mortality during 
drought.” Alicyn R. Gitlin and Thomas G. Whitham,  Dept. 
of Biological Sciences & Merriam-Powell Center for 
Environmental Research, Northern Arizona Univ.
*Corresponding Author: Alicyn Gitlin, Dept. of Biological 
Sciences, Northern Arizona Univ.

Climate Assessment for the Southwest: CliMAS 
University of Arizona 2010

Climate Change on the Colorado Plateau, US Dept if 
interior, bureau of land Management (blM), includes: (1) 
Modern Climate Conditions in the Colorado Plateau, (2) 
Precipitation History of the Colorado Plateau (1900-2000), 
& (3) Downscaled Climate Change Projections for the 
Southern Colorado Plateau: Variability and Implications for 
Vegetation Changes.

Climate Change Where We Work / Dugout Ranch, Utah 
The Nature Conservancy 2009.

Dust storm on Monday made the news w/photo, by John 
Weisheit. Wednesday, 14 April 2010. 

Fire Ecology and Management of the Major Ecosystems 
of Southern Utah. Bartos, D. L. 2007. Aspen. In: Hood, S. 
M. and M. Miller, (eds). Gen. Tech. Rep. RMRSGTR-202. 
Fort Collins, CO: U.S. Department of Agriculture, Forest 
Service, Rocky Mountain Research Station. P. 39-55.

Forest Canopy and Snow Capture, Southwest Hydrology, 
March/April 2009.

Forest Plan, USDoA, Manti – la Sal national Forest, 
2006.

Grand County, Utah General Plan, 2005.

Green infrastructure for Southwestern neighborhoods 
Version 1, August 2010 Written and designed by James 
MacAdam, published by Watershed Management Group.

Guidelines for Aspen restoration on the national Forests in 
Utah, Utah Forest restoration Working Group, november 
17th,.2010.

Historical Summary: oldest Watershed Study in America, 
Wasatch Plateau, Utah. Great Basin Experiment Station, 
Richard Stevens, 2002.

Hotter and Drier: The West’s Changed Climate. Principal 
Authors: the rocky Mountain Climate organization 
(Stephen Saunders, Charles Montgomery, tom Easley), 
Contributing Author natural resources Defense Council 
(Theo Spencer), March 2008.

i – tree: tools for Assessing and Managing Community 
Forests, USDA Forest Service, 2006..
linking Smart Meters and Social networks, 
greentechmedia, 2010.

Monitoring Current Year Streambank Alteration, Ervin R. 
Cowley, Bureau of Land Management, Idaho State Office, 
Boise, ID, February, 2002.

PrEPArinG For CliMAtE CHAnGE:  A Guidebook 
for local, regional, and State Governments Center for 
Science in the Earth System (the Climate impacts Group), 
Joint institute for the Study of the Atmosphere and ocean, 
University of Washington, & King County, Washington

Proceedings – Symposium on Ecology and Management of 
riparian Shrub Communities, richard Stevens, USDoA, 
intermountain research Station, General technical report 
INT-289, 1992.

reducing the impact of summer cattle grazing on water 
quality in the Sierra nevada Mountains of California: 
a proposal. Robert W. Derlet, Charles R. Goldman and 
Michael J. Connor, 2010.

resource Management Plan, USDoi blM Moab Field 
Office, August 2008.
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response of Colorado river runoff to dust radiative 
forcing in snow, Thomas H. Paintera, Jeffrey S. Deems, 
Jayne Belnap, Alan F. Hamlet, Christopher C. Landry, and 
Bradley Udall, November 2009.

Sensitivity of the Colorado Plateau to Change: Climate, 
Ecosystems, and Society, Susan Schwinning, Jayne belnap 
1, David R. Bowling 2, and James R. Ehleringer, 2008.

Solutions to the rising Costs of Fighting Fires in the 
Wildland-Urban interface, Headwaters Economics, 
December 2009.

“The Beaver Solution.” The Lands Council 2010
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