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1.

Introduction

Climate already affects a variety of resources managed by Boulder County, the City of Boulder,
and other local municipalities. As an example, prolonged dry spells in the past decade have
contributed to major wildfires on public lands that have threatened lives, impacted public health,
damaged county and city property and infrastructure, and caused accelerated hill slope erosion
that has polluted streams and water supplies. Resource managers working at county departments
and throughout other jurisdictions already face challenges posed by the variability of climate
across Boulder County.
Climate change, however, could pose a host of new challenges and require managers to pay
much greater attention to resource vulnerabilities. These new challenges are most evident in
planning efforts. In general, most resource management planning around climate relies on
assumptions grounded in existing climate records that date back generally no further than the late
1800s or early 1900s. However, tree ring data, climate model projections, and other sources of
climate information indicate that the climate system of the future could be quite different from
the past 100 years. Thus the plan presented here is intended to systematically consider the
potential effects of projected climate changes on city and county planning and management
processes and to identify opportunities for adaptive planning efforts to proactively address the
challenges and opportunities posed by changing climate conditions in Boulder County. The
objective of this plan is to assist county and city departments that manage climate-sensitive
resources and assets to achieve their departmental objectives in the face of challenges posed
by anticipated future changes in the climate of Boulder County.
Jurisdictions throughout the world have increasingly realized that the climate is already changing
and that the planet is already committed to further changes due to increasing global fossil fuel
use for energy production and transportation. Even if humans were to immediately stop
producing greenhouse gases (GHGs), the long duration of carbon dioxide (CO2) and other GHGs
in the atmosphere means that the planet would still experience warming over the coming
decades. Thus, Boulder County and the City of Boulder have also realized that despite their best
efforts to reduce GHG emissions, climate change impacts are inevitable and have the potential to
exacerbate many of the challenges faced by Boulder County and its municipalities. This plan is
the first step in preparing for such impacts.
Potential impacts could include more frequent droughts and flash floods, greater spread of
vector-borne diseases, and increased heat waves and wildfires. Warmer springtime temperatures
would cause snowpack to melt earlier in the year, reducing the overall amount of water stored as
snow, which will shift peak flows to earlier in the year and decrease runoff during the dry
summer months. Combined with more intense precipitation events, earlier snowmelt might also
increase the risk of flash flooding. Potential challenges in storing water for municipal supplies

SC12586

Stratus Consulting

Introduction (5/3/2012)

will be exacerbated as increased temperatures and prolonged dry spells create more intense water
demands. Reductions in storage and more frequent, intense, and longer duration droughts will
severely impact the ability to provide adequate municipal water supplies. Instream flows will
also be reduced more severely and frequently, with subsequent impacts to water quality and
ecological resources and related benefits such as recreation and tourism. Additionally, higher
temperatures and fewer days with precipitation will likely increase the frequency and severity of
heat waves, episodes of poor air quality, wildfire risks, and associated human health impacts.
Adding to the complexity of managing the impacts of climate change is the uncertainty inherent
in climate science. Although scientists are reasonably confident in the direction of temperature
changes, the magnitude of change remains uncertain. For other changes, like precipitation, both
the direction and magnitude of change are uncertain. This means that Boulder County and its
municipalities are facing an uncertain range of possible future climate conditions with ensuing
complications in identifying proactive management responses that are robust yet cost-effective
across a potentially wide range of future climate conditions and design requirements.
To address this complexity, this plan is aimed at improving the “resilience” of the county and its
municipalities in the face of climate change. Resilience implies an ability to plan for and deal
with the impacts of future changes without imperiling major departmental or other functions. In
the real world, this means that water supply entities could handle both short-term problems like
drought and long-term changes like a shift in snowmelt timing. Rather than simply trying to
anticipate future changes and adapting to those expectations, a resilient county and its
municipalities consider the likelihood and possibility of a number of possible future impacts and
make operations, planning, and management flexible enough to avoid major disruptions from
climate change. Although bolstering resilience is the overarching strategy in this plan, the term
“adaptation” is also used to refer to opportunities to plan for the most likely future changes.
Structure of the resilience plan
In light of potential climate change impacts described in research reports issued by institutions
including the Intergovernmental Panel on Climate Change (IPCC) and the United States Global
Change Research Program, Boulder County and the City of Boulder began this planning effort to
assess the challenges, capabilities, and opportunities for Boulder County, the City of Boulder,
and neighboring municipalities to manage the impacts of climate change. This plan focuses on
four key sectors: water supply, emergency management (EM), public health, and agriculture and
natural resources. Additional sectors might be evaluated in future plan updates.
This plan identifies the potential impacts of climate change, explores the implications of these
changes in the context of resource management institutions, and outlines opportunities for
adaptation planning efforts. It is not intended to be viewed as a requirement for additional
planning efforts on top of the already significant planning and management responsibilities
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facing county and municipal departments. Rather, it is intended to serve as a resource for county
and municipal planners as they integrate climate change, in addition to other concerns, into their
ongoing planning efforts.
Thus, unlike many planning documents, this plan is not meant to stand on its own. It addresses
multiple issues within multiple departments and across multiple jurisdictions. Such a document,
instead of dictating a comprehensive climate resilience policy, can be more effective by
expanding the focus of attention of resource managers, management administrators, and elected
and appointed officials within and across departments and between and across levels of
government.
To accomplish this goal, the plan has been designed so that each chapter can stand alone and
provide those interested in a particular sector with information on that sector. If, for example, a
citizen or public health planner is primarily interested in the effects of climate change on public
health issues, he or she need only read the public health chapter. This allows resource managers,
their administrative leadership, and their advisory boards to extract the information most relevant
to their decisions without having to read the entire plan. But it does mean that there is some
duplication of information in the plan, especially between the impact discussions in the science
chapter and the impact discussions in each of the four sector chapters. Despite this overlap it is
recommended that users of specific chapters also read Chapter 2 of the plan, as this provides a
useful context for all other chapters.
Chapter 2 provides a state-of-the-science overview of projected climate change along the
Colorado Front Range and Boulder County in particular. Although there is still significant
uncertainty about the magnitude of various potential future changes in our climate system,
especially due to the diverse landscapes and habitats ranging from the high-elevation prairie to
the Continental Divide, planners can benefit from an understanding of what is and what is not
known about how increased GHG emissions could affect the climate in this region and how
those changes in climate can impact human and natural systems.
Planning for and being able to adapt to uncertain changes in a future climate, however, is critical
to being prepared for this change and managing associated risks. Thus, Chapters 3–6 contain
policy-oriented assessments of opportunities to integrate climate change and preparedness
planning into city and county decision-making processes, management approaches, and existing
planning documents. In other contexts, adaptation has been found to work best when climate
change impacts are considered in an integrated fashion along with other considerations such as
changes in population, land use, and citizen preferences. At its core, adaptation is essentially
about planning for change – changes in climate but also changes in other factors that have
important influences on resource and hazards management (HM). By recognizing and preparing
for the consequences of climate change, we can increase our resilience to the future impacts of
other stressors that might not necessarily be directly linked to climate change processes.
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Because of the substantial uncertainty about the nature and timing of the impacts of future
climate change, adaptation and resilience planning are most successful when incorporated into
routine planning and management decision-making. Successful implementation of this plan,
therefore, entails understanding how the county and its municipalities are currently managing
and conducting planning for resources that might be affected by climate change. A successful
plan must also focus on adapting processes to meet new challenges. For example, given the
many uncertainties associated with climate change, adaptive management will be needed to
integrate new information as it becomes available, to identify policy options that are robust under
a wide range of potential climate futures, and to set the stage for expansion of climate
considerations into other sectors that are not covered in this plan.
This plan is not intended to serve as an in-depth assessment of all climate impacts and adaptation
opportunities relevant to all county and municipal departments. Thus, each sector chapter
contains recommendations for further study or action that could serve to improve the ability of
county or municipal staff to prepare for climate change.
The overall county strategy for meeting the challenge of future climate change and implementing
the plan is also outlined in the final chapter. County and municipal staff should view this
document as setting an overall climate resilience agenda, identifying opportunities for
incorporating adaptation into existing management and planning, and establishing a process for
future efforts.
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2.

Overview of Boulder County Climate and Change

This chapter briefly overviews what contemporary science can tell us about possible climate
change impacts on Boulder County. We begin with a summary of the most recent generation of
global climate projections and their uncertainties to provide context and emphasize that climate
models cannot provide perfect forecasts of the future. We then describe the observed
(i.e., historical) climate of Boulder County over the 20th century and how major climatological
variables are projected to change over the rest of the 21st century. Finally, we describe how
projected climate change might impact the four sectors covered in this plan: water supply,
emergency management (EM), public health, and agriculture and natural resources.
Summary of climate change projections and impacts for Boulder County


Average temperatures are expected to rise by ~ 2–3°F by 2030 and ~ 3.5–5.0°F by 2050,
with more warming in summer than in winter.



There is more uncertainty in projections of precipitation changes compared to
temperature changes.



Warmer temperatures will lead to a greater fraction of precipitation falling as rain instead
of snow.



Warmer spring temperatures will lead to earlier snowmelt, runoff, and peak natural
streamflow.



Warmer temperatures during the growing season will lead to increased use of water by
natural vegetation and increased crop irrigation requirements.



There is potential for decreased annual streamflow volume in Boulder County watersheds
and in the Colorado River, according to existing studies.



Climate change has the potential to result in stronger extreme summer precipitation
events.



Since the mid-1980s, warmer summers have increased the duration and intensity of
wildfires across the western United States, a trend that is likely to continue.



In forested and other ecosystems, species composition is likely to change with potential
loss of high-elevation alpine habitat, but, overall, the direction of ecosystem changes is
unknown at this point.
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Although heat waves will likely become more frequent, there is also the potential for
continued cold outbreaks in winter, even in an overall warmer climate.



Warming temperatures might result in an increase in air pollution and water- and
foodborne illnesses, though actual outbreak rates are dependent on a number of factors.



Certain crops might benefit from additional carbon dioxide (CO2) and a longer growing
season, but above certain temperature thresholds, the productivity of some crops declines
and other crops require additional water to avoid crop failures.

2.1 The Global Context
The Earth has unequivocally warmed over the past century, and this warming is very likely due
to the accumulation of human-caused greenhouse gases (GHGs), such as CO2, in the atmosphere
(IPCC, 2007). This warming has occurred almost everywhere over the continents (Compo and
Sardeshmukh, 2009), which strongly suggests that there is a global cause, rather than a mere
coincidence of weather patterns that would result in patches of warming and cooling.
General circulation models (GCMs) that project future climate show that the northern tier of the
United States is likely to get wetter while the southwestern states get drier (IPCC, 2007).
Colorado lies between these two regions, and climate models generally show that the state will
experience an increase in winter precipitation, especially in the northern part, and a decrease in
spring precipitation. Some models show a net annual increase in precipitation, while others show
a net annual decrease. Regardless of the results of these projections, Colorado will continue to
have considerable variability of precipitation from year to year and from decade to decade.
Climate models are in agreement that Colorado and much of the western United States are
expected to warm in the future, continuing trends seen over the past 30 years (Ray et al., 2008).
It should be noted that projections of future climate are inherently uncertain. This uncertainty
arises from three main sources: the amount of future emissions of GHGs, the strength of the
climate’s response to GHGs, and climate variability (Hawkins and Sutton, 2009). First, future
emissions of GHGs and changes in other factors that affect the global climate depend on many
societal factors. Climate scientists evaluate this source of uncertainty through the use of
emissions scenarios with differing socioeconomic, technological, and demographic assumptions.
The second source of uncertainty is the strength of the response of the climate to the increasing
GHGs. Scientists evaluate this source of uncertainty by looking at the climate projections from
different climate models produced by different modeling centers around the globe. The GCM
simulations that are the basis for the climate projections in this chapter capture only the response
to GHGs, global and regional aerosols (suspended particles), and known solar variations. They
do not include the climate response to local factors such as changes in irrigated crop acreage,
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urbanization, and dust deposition on snow. These influences on local climate drivers can be
studied using specialized regional climate and hydrologic models. While few of these specialized
studies that are in the scientific literature are of relevance to Boulder County communities, we
have made reference to those that do.
Finally, the third uncertainty about future climate arises from the natural variability of the
climate on all time scales. Natural year-to-year and decade-to-decade variability would happen
even in the absence of human-caused climate change. Many of our human and natural systems
are well-adapted to historical climate variability. Climate change shifts the baseline about which
climate varies and this shift can put historically well-adapted systems at risk. Climate change can
also alter the character of the variability. However, climate science has not reached a consensus
as to how the natural modes of climate variability that affect Boulder County, such as El Niño/
La Niña-Southern Oscillation (ENSO), might change in the future. El Niño events have produced
exceptionally wet weather in the southwestern United States while La Niña has been associated
with drought cycles and episodes of catastrophic wildfire. Because natural variability from
decade to decade is projected to continue in tandem with the human-caused warming trend, there
can be periods of slowly increasing or even decreasing temperatures that can be followed by
periods of rapid increase. For precipitation, the projected trends in Colorado are relatively small
compared to the variability, so decades of observations might be needed before a long-term trend
in Boulder County’s precipitation becomes clearly evident.
For the purposes of this plan, we have primarily examined climate projections based on the
Intergovernmental Panel on Climate Change (IPCC) “A2” emissions scenario, which assumes
continued high levels of GHG emissions (Nakicenovic et al., 2000). This A2 scenario will
therefore pose greater challenges for human and natural systems to adapt to climate change than
lower emissions scenarios – particularly during the second half of the 21st century. For
reference, we show projected temperature and precipitation changes for “high,” “middle,” and
“low” emissions scenarios in Tables 2.1 and 2.2. For more information on climate modeling and
the translation of global climate effects to local geographies, we strongly recommend Chapter 3,
The Science of Climate Modeling, in Climate Change in Colorado (Ray et al., 2008).

2.2 Observed Climate
Boulder County has a diverse climate. An understanding of how our climate has varied in the
past provides a useful context for understanding climate projections. It allows us to compare the
magnitude of the projected trends to past variability and to look for consistency in the projected
and past trends. Understanding our climate also allows us to focus on those aspects of the climate
– such as winter and spring storms – that may have different trends in the future.
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Topography has a profound influence on Boulder County’s climate. Perhaps the most obvious
effect is the decrease in average temperature from the plains to the foothills and up to the
Continental Divide. From the county’s eastern border around 5,000 feet, elevation generally
increases toward the west, where the plains meet the Front Range of the Rocky Mountains. Here
elevations rise abruptly to the foothills and then again to the high peaks of the Front Range,
including the Continental Divide and Longs Peak at over 14,000 feet. During the summer
months, this topographic contrast induces thunderstorms in the county almost any day that
humidity is sufficiently high. There are large seasonal swings in temperature and significant dayto-night changes. During summer there can be very hot days on the plains, where relatively low
humidity favors rapid evaporation of water and high water use by plants (known collectively as
evapotranspiration). In the foothills and mountains of the county, temperatures typically drop
quickly at night, and in the mountains freezing temperatures are possible every month of the
year. Topographic variations can also create numerous microclimates in Boulder County that
result from cold air pooling in areas of low elevation, temperature inversions (warm air overlying
cold air), rain shadows, warm Chinook winds, and other processes.
The amount and seasonality of precipitation is also correlated with elevation (Figure 2.1).
Precipitation in the plains and foothills is dominated by two periods – a peak in April and May,
due mainly to springtime upslope storms – and a second peak in July and August due mainly to
convective storms. In the lower elevations of the county, there is a pronounced minimum in
precipitation during the winter months. Precipitation in the high mountains (roughly west of the
Peak-to-Peak Highway) has a much larger contribution from the winter storms than elsewhere in
the county. As a consequence, the annual volume of natural flow in Boulder Creek (prior to
storage and diversion) is highly correlated with that of the Colorado River headwaters, which
also get a substantial amount of water from these winter storms (City of Boulder, 2004).
The long-term record (1905–2010) of three common climate parameters – average daily
minimum temperature, average daily maximum temperature, and monthly total precipitation – is
shown in Figures 2.2–2.4. We show the averages for all of Boulder County – plains, foothills,
and mountains. A good deal of caution is warranted in interpreting the long-term trends in these
data.1 These data are derived from the PRISM (Parameter-elevation Regressions on Independent

1. Boulder County’s weather data for the past century, like much of the weather data in the United States, was
not gathered with the intent of measuring long-term trends. For example, the Boulder Cooperative Observer
Network (COOP) weather station has moved several times, even in the past few decades, making it difficult to
understand whether a trend in the data is due to climate change or factors specific to a new station site. In
contrast, the Longmont COOP station has a long and relatively stable observing record, but observations there
were discontinued in 2005. Long-term precipitation trends are generally less sensitive than temperature trends
to small station moves, and precipitation measurement techniques have been relatively consistent over time.
The early part of this record relies more heavily on the statistical relationship between regional temperatures
and those in Boulder County due to the smaller number of observations available.
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Figure 2.1. Elevation affects the amount and timing of precipitation in Boulder County.
This graph shows monthly average precipitation at four weather stations in Boulder County:
University Camp SNOTEL (10,300’), Copeland Lake SNOTEL (8,600’), Boulder COOP
Station (5,480’), and Longmont 2SE COOP (4,950’). Note that there is greater precipitation in
November–March at the higher elevation stations. Twenty-thirty year averages are shown,
depending on data availability at each observing station.
Sources: U.S. Department of Agriculture Natural Resources Conservation Service (SNOTEL data; water
years 1981–2010); Western Regional Climate Center (1981–2010 normal for Boulder and 1971–2000
normal for Longmont, which was discontinued in 2005).

Slopes Model) dataset, which combines data from many available observing stations using
statistical techniques. The PRISM method creates a high-resolution grid (approximately
2.5 miles on a side) of monthly temperatures and precipitation for the conterminous United
States. The grids over Boulder County are then averaged together. Minimum temperatures show
an increasing trend, while maximum temperatures have a less prominent trend, with
comparatively large decadal variability and notably warm years in 1934 and 1954. Precipitation
is characterized by large variability with a relative absence of any long-term trend.
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Figure 2.2. The annual mean of the daily minimum temperature for Boulder County climate 1890–2010. The 10-year moving
average is shown in blue.
Source: Western Regional Climate Center (2012) using PRISM (Daly et al., 2008) data.
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Figure 2.3. The annual mean of the daily maximum temperature for Boulder County climate 1890–2010. The 10-year moving
average is shown in blue.
Source: Western Regional Climate Center (2012) using PRISM (Daly et al., 2008) data.
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Figure 2.4. The annual mean of the total annual precipitation for the area average over all of Boulder County (1890–2010).
The 10-year moving average is shown in blue.
Source: Western Regional Climate Center (2012) using PRISM (Daly et al., 2008) data.
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Boulder County temperature records show long-term upward trends. However, no study has been
done to conclusively link these local observations to anthropogenic (human-caused) climate
change. Local observations tend to have larger natural variations than regional averages, and
these large variations can mask an underlying trend. In order to gain some confidence in the
trends and their causes, climatologists consider studies of larger relevant regions. In the most
relevant of these studies for Boulder County, the large-scale pattern of warming, earlier
snowmelt, and earlier streamflow in mountainous areas of the western United States has been
attributed, at least in part, to human-caused GHG emissions. This was done by showing that the
observed regional trends were both consistent with the response to increasing GHGs, and
inconsistent with purely natural variability (Bonfils et al., 2008).

2.3 Future of Boulder County’s Climate
Under a scenario of high global GHG emissions, the results from several different climate
models (GCMs) project average temperature in the region, including Boulder County, to increase
around 1.5–4F by 2025, 2.5–5.5F by 2050, and 6–11F by 2090 (see Table 2.1, rounded to the
nearest 0.5 degrees). These changes are measured relative to a baseline period of 1950–1999.
There is high confidence in warming on a regional scale. Average daily maximum and daily
minimum temperatures also are projected to increase, with summer daily maximum temperature
warming the most in these models.
Table 2.1. Projected annual temperature change (°F) for three GHG emissions
scenarios at three different time periods in the future. For each case we show the range
of climate model projections which is depicted by the 10th (low), 50th (middle), and
90th (high) percentiles of the results from an ensemble of 16 different climate models.
Low emissions (B1)

Medium emissions (A1B)

High emissions (A2)

10th

50th

90th

10th

50th

90th

10th

50th

90th

2020–2040

1.5

2.8

3.5

1.5

2.9

4

1.6

2.7

3.9

2040–2060

1.7

3.5

4.5

2.8

4.9

6

2.4

4.8

5.5

2080–2100

2.9

4.8

6.9

4.3

7

9.6

5.8

8.7

11.1

The climate models, on average, show little change in annual total precipitation. There is less
confidence in how annual precipitation may change, mainly because some climate models show
an increase while others show a decrease in our region (see Table 2.2). However, climate models
tend to agree on an increase in precipitation in winter and a decrease in spring. There is less
confidence in how the total summer precipitation may change, with little agreement among the
GCMs and known difficulties in simulating summer thunderstorms. However, the higherresolution regional climate models (RCMs) investigated here show significantly drier summers
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Table 2.2. Projected annual precipitation change (%) for three GHG emissions scenarios
at three different time periods in the future. For each emissions scenario and time period we
show the range of climate model projections which is depicted by the 10th (low), 50th (middle),
and 90th (high) percentiles of the results from an ensemble of 16 different climate models.
Low emissions (B1)

Medium emissions (A1B)

High emissions (A2)

10th

50th

90th

10th

50th

90th

10th

50th

90th

2020–2040

-6.9

-0.2

8.8

-6.8

-0.7

5.4

-7.1

-0.7

5.7

2040–2060

-6.7

2.9

6.7

-10.8

0.7

5.7

-11.3

0.0

6.9

2080–2100

-6.3

1.3

13.6

-13.8

0.7

10.6

-18.5

-1.6

15.0

in the future, a possibility that should not be discounted. In general, heavy and extreme
precipitation (e.g., the magnitude of the 100-year event) have the potential to increase in a
warmer climate. RCMs consistently show heavy precipitation events increasing during winter
and spring months. However the projections for heavy summertime precipitation in Boulder
County is more complicated and would benefit from further research.
The hydrologic consequences of warming are understood with more confidence – a greater
fraction of precipitation falling as rain rather than snow, earlier peak snowpack, earlier snowmelt
and peak runoff, and greater water demand by natural vegetation. The effect of climate change
on the total volume of natural flows (flows that would occur in the absence of diversion and
storage) depends on a balance between precipitation and losses from evaporation, sublimation,
and water use by natural vegetation. While current hydrologic modeling efforts suggest a
reduction in total natural streamflow on average, there is considerable uncertainty in these
projections with both decreases and increases in flow possible. Increase in water demand for
residential and agricultural irrigation due to a longer growing season and warmer temperatures
may decrease overall water availability regardless of changes in natural flow.
In order to present results relevant to Boulder County, this plan uses data in which climate model
results have been translated to a much smaller spatial scale through a technique known as
downscaling (see Figure 2.5 for the grid boxes from both datasets used in this study). Results
shown here are based on two widely available downscaled datasets with different strengths. Both
of these datasets contains the results from several different climate models. The first dataset is
the “Bias Corrected and Downscaled WCRP CMIP3 Climate and Hydrology Projections,” which
uses a statistical downscaling technique called bias-corrected spatial disaggregation (BCSD;
Maurer et al., 2007). The BCSD dataset includes a range of projections that have been
downscaled from 16 GCMs. This dataset was chosen because it provides a broad sampling of
available GCM projections to estimate the range of possible future climates. The BCSD data
include monthly projections through the year 2100. The spatial patterns of how temperature and
precipitation change in the BCSD data are taken almost directly from global climate models.
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Figure 2.5. Grid boxes from the BCSD and North American Regional Climate Change
Assessment Program (NARCCAP) datasets used in this analysis. The red grid boxes
represent the spatial coverage of 12 1/8th-degree (approximately 12 km) BCSD grid cells used
in this analysis. The blue grid boxes represent the spatial coverage of two 50-km NARCCAP
grid cells used in this analysis.
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The second dataset is the NARCCAP RCM ensemble (Mearns et al., 2009). The NARCCAP
ensemble includes RCMs that are used to downscale the results from four GCMs. It was chosen
because it provides a more detailed representation of physical processes at finer spatial resolution
than the GCMs. However, NARCCAP projections are only available for the period 2040–2070.
NARCCAP models use 30-mile grid cells, allowing them to resolve the topography of the Front
Range more accurately than the global models do with their 120- to 240-mile grids. In particular,
the transition from the Great Plains to the Rocky Mountains is much more abrupt (more closely
resembling the actual change in topography) in the NARCCAP regional models. Nonetheless,
the area of a NARCCAP grid cell is still slightly larger than Boulder County, so the regional
models do not capture topographical differences within Boulder County.
Both the BCSD and NARCCAP datasets provide useful information for the detailed analysis that
follows. For example, the NARCCAP dataset gives us access to daily minimum and maximum
temperature as simulated by the models, whereas the BCSD dataset only contains daily average
temperature. The NARCCAP dataset also contains daily precipitation model output, enabling an
analysis of how heavy precipitation events may change. For all of the analyses below, we focus
on the A2 emissions scenario, which is a storyline that provides plausible future population
growth and socioeconomic development. The A2 scenario results in relatively high GHG
emissions compared to other scenarios (e.g., B1 and A1B), but with the advantage of emissions
data since the scenarios were developed in 2000. Actual emissions over the past 10 years are
consistent with the A2 scenario.
2.3.1

Average temperature

Under a scenario of high global GHG emissions (the A2 emissions scenario), the 16 models in
the BCSD dataset project temperature to increase by around 1.5–4F by 2030, 2.5–5.5F by
2050, and 6–11F by 2090. The median increase among the models is 2.7F by 2030, 4.8F by
2050, and 8.5F by 2090 (see Table 2.1). Figure 2.6 shows the monthly values of recent (1950–
1999) and projected climate for three periods in the future centered on the years 2030, 2050, and
2090. The results from each of the 16 downscaled GCMs is shown. All these models project
warming, some more than others, but note that the projected warming is somewhat greater in
summer than in winter.
Table 2.1 shows the range of future temperature changes under low, medium, and high emissions
scenarios for the 16 models in the BCSD dataset. The range of possibilities is indicated by the
10th and 90th percentiles of the 16 models considered in the BCSD dataset. This range should
only be considered approximate, as many sources of uncertainty are not considered in the climate
models.
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Figure 2.6. Historical and projected monthly mean temperature (F) for Boulder County
under the high (A2) emissions scenario for the periods 2020–2040, 2040–2060, and 2080–
2100. The historical average for 1950–1999 (black bars), the mean projections from 16 climate
models (red bars), and the projections from the individual model (red lines) are shown. The
greatest warming is in summer.
Source: LLNL, 2011, plotted by J. Barsugli.
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Figure 2.7 shows results from the NARCCAP models of temperature changes by season. These
results tell a similar story to the BCSD results with regard to temperature change, though they
show a smaller range because of the smaller number of climate models used in the NARCCAP
data.

Figure 2.7. Projected change in average temperature (F) by season for an area that
includes Boulder County from seven RCM simulations2 available from the NARCCAP
program. The change under the high GHG emissions scenario (A2) between the periods
1970–1999 and 2040–2069 is shown. Models 1–7 for all NARCCAP results are defined in
footnote 2.
Source: Based on NARCCAP (http://narccap.ucar.edu) data. Analysis by Imtiaz Rangwala, University
Corporation for Atmospheric Research (UCAR) Pace postdoctoral fellow.

2. Each simulation uses an RCM to downscale from a global climate model. The regional model is listed first,
then the global model. 1. Canadian RCM (CRCM) + Canadian GCM (CGCM3); 2. Hadley Centre Regional
Model (HRM3) + Hadley Centre Climate Model (HADCM3); 3. Regional Climate Model 3 (RCM3) +
CGCM3; 4. Weather Research and Forecasting Model (WRFG) + National Center for Atmospheric Research
(NCAR) Community Climate System Model (CCSM); 5. MM5 mesoscale model (MM5I) + CCSM; 6. RCM3
+ Geophysical Fluid Dynamics Climate Model (GFDL); and 7. CRCM + CCSM. More information on these
models is available from http://narccap.ucar.edu. Only the first four models had data available separately for
Tmin and Tmax at the time of this report. The model data were first put onto a common 0.5 degree (~ 50 km)
grid in latitude and longitude using cubic spline interpolation, and two of these grids that overlapped Boulder
County were averaged.
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Maximum daily temperatures

Projected changes in maximum daily temperatures from four RCM simulations in the
NARCCAP program are shown in Figure 2.8. These projections are for the period 2041–2070.
Daily maximum temperatures are expected to rise more than the minimum temperature during
the summer and fall, raising the possibility of increased intensity of heat waves. For example, the
maximum temperatures increase by approximately 4F in winter and by approximately 7F in
summer in these four models.

Figure 2.8. Change in maximum daily temperature (F) by season from four RCM
simulations in the NARCCAP program. The change under the high (A2) GHG emissions
scenario between the periods 1970–1999 and 2040–2069 is shown. See footnote 2 to identify
each model.
Source: Based on NARCCAP (Mearns et al., 2009; http://narccap.ucar.edu) data. Analysis by Imtiaz
Rangwala, UCAR Pace postdoctoral fellow.

2.3.3

Minimum daily temperatures

Changes in minimum daily temperatures from four RCM simulations in the NARCCAP program
are shown in Figure 2.9. Seasonal differences are less pronounced than for maximum
temperatures.
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Figure 2.9. Change in minimum daily temperature (F) by season from four RCM
simulations in the NARCCAP program. The change under the high (A2) GHG emissions
scenario between the periods 1970–1999 and 2040–2069 is shown. See footnote 2 to identify
each model.
Source: Based on NARCCAP (http://narccap.ucar.edu) data. Analysis byImtiaz Rangwala, UCAR Pace
postdoctoral fellow.

2.3.4

Extreme heat

As the average summer temperatures increase, so does the likelihood of increased high
temperatures. Presently, Boulder County experiences very few days with a maximum
temperature above 100°F during an average summer. However, one analysis of increasing
extreme temperatures indicates that the number of days above 100°F will increase to more than
10 per year under a lower emissions scenario and between 20 and 30 under the high (A2)
emissions scenario (USGCRP, 2009). Because heat waves are typically a direct consequence of
large-scale warming, projected increases in temperature give high confidence in the likelihood
that heat waves, by this definition, will increase. However, increasing nighttime minimum
temperatures can have a large effect on the consequences of heat waves for human health, as can
increases in atmospheric humidity. While the temperature trends shown in Figures 2.8 and 2.9
give general indications, a more detailed analysis of heat indices in the RCMs, or from other
downscaling methods, would shed more light on this important topic.
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Extreme cold

Boulder County experiences occasional extreme cold air temperatures in winter due to “cold air
outbreaks” that occur when a cold air mass moves in from the north. In a warmer climate it
might be expected that winters will have fewer severe cold events, but this is not necessarily the
case. There is only one study on this topic that includes the western United States, but it indicates
that although cold snaps are projected to decrease by 50–100% across most of the northern
hemisphere, the western United States might be an exception. Most of the climate models
analyzed in that study showed a slight decrease in the number of cold snaps, although in two
cases the models showed an increase. The persistence of these events into the future was
attributed to changing wind patterns in the models that allowed for more cold air to move
southward (Vavrus et al., 2006).3
2.3.6

Frosts and freezes

Warmer temperatures generally translate into an increase in growing-degree-days (GDDs) and a
longer growing season. However, a combination of an earlier start to the growing season might
leave plants more vulnerable to late frosts (USGCRP, 2009). Indeed, increasing frost damage has
been reported in a study at the Rocky Mountain Biological Laboratory near Crested Butte,
Colorado (Inouye, 2008).
2.3.7

Snowmelt and runoff timing

Higher temperatures can lead to declining snowpacks and earlier snowmelt and runoff. If
Boulder County’s future climate warms as expected, snowpack would become a less reliable
mechanism for water storage, even without any changes in total precipitation.
A recent study of the City of Boulder’s water supply system under climate change simulated the
change in natural streamflow for Boulder Creek at Orodell (two miles upstream from the mouth
of Boulder Canyon). This study used a hydrology model under several idealized scenarios of
temperature and precipitation change. It was found that an increase of 5.4F in average
temperature resulted in a 4% decline in annual streamflow. A scenario with no temperature

3. A cold air outbreak in this study is defined as “ an occurrence of two or more consecutive days during which
the local mean daily surface air temperature is at least two standard deviations below the local wintertime
mean temperature” in the climate model. To be consistent, both past and future cold outbreaks are defined
relative to the same historical (late 20th century) climatological averages. Based on the 1981–2010 climate
normals for January at the Boulder COOP observing station, this definition would imply a 24°F departure
below normal, or a daily average temperature below -5°F, lasting for two days or more.
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change but a 20% annual decline in precipitation resulted in a 13% decline in streamflow, with
streamflow and runoff peaks shifting from June to May (Smith et al., 2009).
2.3.8

Precipitation and seasonal shifts

Precipitation changes are more variable from model to model, but the average across all models
indicates the possibility of a seasonal shift in precipitation – an increase in precipitation from
December through March and a decrease during April and May. In particular, there is
substantial, but not unanimous, model agreement on a modest increase in the winter
precipitation. This seasonal shift becomes more pronounced as the overall climate changes
throughout the century. There is no clear signal of a shift in total annual precipitation.
Figure 2.10 shows BCSD-projected changes in precipitation by month, demonstrating both the
relatively high uncertainty in projections of precipitation and the shift from spring to more winter
precipitation. Figure 2.11 shows NARCCAP projections of seasonal precipitation changes. Like
the BCSD results, the NARCCAP models show an increase in winter precipitation. However, the
most striking difference from the BCSD results is that almost all the NARCCAP regional models
project a decrease in summer and fall precipitation. These differences in summer can be ascribed
to the different ways in which the RCMs compute the rain from thunderstorms and other
convective storms as well as other differences in model formulation.
2.3.9

Extreme and heavy precipitation and flooding

Heavy precipitation events that lead to flooding occur at the short-term time scales of weather,
rather than the multi-year time scales of climate. The global and RCMs used to make climate
projections simulate the day-to-day weather of the present and the future, allowing us to examine
how heavy precipitation events might change in the future. However, extreme events are, by
their very nature, uncommon. Quantifying trends at a given location is quite difficult, and no
trends in the historical record of extreme climate events have been definitively detected in
Boulder County. To get a projection of how extremes might change, we make inferences from
general scientific principles and from model results. Although these represent plausible future
trends, the general level of scientific confidence varies. In general, the impacts on hydrology that
follow from increasing temperature are considered more reliable than those from changes in
precipitation. Projected changes in extremes should also be interpreted with caution.
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Figure 2.10. Historical and projected monthly precipitation (inches) for Boulder County
under the high (A2) emissions scenario for the periods 2020–2040, 2040–2060, and 2080–
2100. The historical average for 1950–1999 (black bars), the mean projections from 16 climate
models (red bars), and the projections from the individual model (red lines) are shown.
Modeled precipitation shows an increase in winter and a decrease in spring.
Source: LLNL, 2011. Analyzed and ploted by J. Barsugli.
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Figure 2.11. Percent change in precipitation by season from seven RCM simulations in
the NARCCAP program. The change under the A2 (high) emissions scenario between the
1970–1999 average and the 2040–2069 average is shown for the grid cells that overlap
Boulder County. See footnote 2 to identify each model.
Source: Based on NARCCAP (http://narccap.ucar.edu) data. Analysis by Imtiaz Rangwala, UCAR Pace
postdoctoral fellow.

Globally, precipitation extremes and their hydrological impacts (e.g., the magnitude of 100-year
floods) are expected to get larger because in most places, higher temperatures will result in
increased atmospheric water vapor available to form precipitation (Bates et al., 2008). The
projected climate becomes more favorable to the formation of severe storms over both the
northern and southern Great Plains (Trapp et al., 2009). The situation is more complex in
Colorado, where many models show an increase in total winter precipitation, but a marked
decrease in total precipitation during spring or summer, The latter seasons are when Boulder
County can get large convective rain events. However, climate models clearly show that
precipitation extremes can become larger even in areas experiencing unchanged or decreasing
total precipitation. In that circumstance, rainy days would become less frequent, but if conditions
are right for an extreme event, and more moisture is available in the atmosphere, then larger
extreme events are possible.

Page 2-20
SC12586

Stratus Consulting

Overview of Boulder County Climate and Change (5/3/2012)

Are there indications that this can happen in Boulder County? Figure 2.12 shows results from an
ongoing study of daily precipitation in the NARCCAP RCMs for a region that includes the Front
Range and adjacent plains. The event studied has a return period of about two years, that is, one
such event would occur typically every two years during the months in question. Most of the
models show increases in these heavy events in the winter and spring months (only January–
February is shown). In summer, the pronounced drying seen in the total precipitation events
overwhelms the tendency for heavy precipitation events to increase. However, two models show
increases in these heavy events despite declines in total precipitation. The results shown here do
not rule out the possibility that events with even longer return periods could increase in
magnitude.

Figure 2.12. Heavy precipitation on the Front Range.4 Models indicate increases in January
and February (left) in all but one of the NARCCAP RCMs. For July and August (right), two
models show substantial increases while most of the others show substantial declines. The
99th percentile of daily precipitation for each two-month period corresponds to an event with
an approximately two-year return period. See footnote 2 to identify each model.
Source: Based on NARCCAP (http://narccap.ucar.edu) data. Analysis by J. Scott, National Oceanic and
Atmospheric Administration (NOAA) Earth System Research Laboratory (ESRL).

4. Model identifiers are the same as in footnote 2. Model 5 was not available for this analysis. Additional
NARCCAP models are shown: Model 8, WRFG + CCSM; and Model 9, Timeslice + GFDL. Models are
described at http://www.narccap.ucar.edu. The spatial domain included a 100 km × 300 km area that includes
the Front Range and neighboring plains.
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It should be noted that the grid cells in both the GCMs and regional models are much too large to
directly simulate thunderstorms. Instead they calculate the thunderstorm rainfall from parameters
such as the amount of moisture converging into a region. However a new class of models can
directly simulate thunderstorms and is being used to investigate heavy and extreme events under
climate change. Researchers at the University of Colorado-Boulder and NOAA have applied a
0.8-mile resolution weather model to study heavy and extreme events under present-day and
projected future climate conditions. This study focuses on events with three-year and longer
return periods for the entire Front Range. Their findings project an increase in precipitation for
these events on average. A warmer climate can also affect the type of precipitation that falls,
which can have an impact on flooding. The heavier precipitation is accompanied by a greatly
reduced amount of hail reaching the ground at high elevations. Because hail is thought to slow
runoff because it takes time to melt, the result implies an increase in high-elevation flooding risk
(Mahoney et al., 2012). However, the results of this study should be interpreted with caution
until a greater range of climate change scenarios can be investigated.
2.3.10 Springtime storms
The City of Boulder typically gets the greatest total precipitation in the months of April and
May, with large amounts in the rest of Boulder County as well in those months. What do the
climate models say about the future of these springtime storms? Climate scientists have
confidence that wintertime storms are well simulated by the global models. However, the
springtime storms in Boulder County often involve more complicated atmospheric motions,
including a significant upslope component that draws on moisture from the Great Plains. The
main indication we have for decreased springtime storms is the decrease in the average
precipitation projected by climate models for April and May. More detailed analysis of the next
generation of global and RCM output could clarify the extent to which these storms are
accurately modeled and how they are projected to change.
2.3.11 Drought
The Boulder County drought plan identifies one-year severe droughts and extended droughts as
areas of concern. Meteorological drought is defined as an extended period of low precipitation.
There is, however, considerable uncertainty regarding projections of the annual total
precipitation for Boulder County. However a declaration of drought by a municipality can
involve a consideration of other factors influencing water supply, including snowpack, runoff
efficiency (the amount of precipitation that makes it into the streams), and storage. Many of
these factors are directly or indirectly affected by temperature. Warmer temperatures can lead to
more severe drought impacts, even if the precipitation deficit is the same. In addition, the
projected seasonal shift in precipitation and earlier runoff could see additional stress on natural
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and human systems in the summers of drought years. These seasonal impacts could become
particularly acute under the scenario of large reductions in summer precipitation seen in the
RCM simulations. The increasing role of temperature in creating drought suggests that
precipitation monitoring alone will not be sufficient. Instead increased long-term monitoring of
soil moisture and other drought indicators would be prudent.

2.4 Impacts on Water Supply
There has been much research on the implications of increasing temperature on the hydrologic
cycle (Lemke et al., 2007; Bates et al., 2008; Lettenmaier et al., 2008; USGCRP, 2009). Multiple
studies have investigated recent trends in temperature-related impacts on hydrologic trends
(Mote et al., 2005; Stewart et al., 2005) and attributed the west-wide pattern of these trends to
anthropogenic climate change (Pierce et al., 2008; Das et al., 2009; Hidalgo et al., 2009).
Hydrologic impacts include a greater percentage of precipitation falling as rain, advances in
streamflow timing and peak runoff, and declines in snowpack.
Broad west-wide average trends are expected to continue into the future in Boulder County as
the climate warms. First, a greater percentage of precipitation is projected to fall as rain rather
than snow. This is particularly true in spring and fall when temperatures are closer to the freezing
point and a small warming can have a large impact. Under more severe warming scenarios, this
effect could lead to more rain events in mid-winter. Second, higher temperatures can lead to
declining spring snowpack and earlier snowmelt and runoff. The temperature-driven trend to
decreasing snowpack could be somewhat offset by the projected increase in wintertime
precipitation. If there were warming with no change in the total precipitation, snowpack would
become a less reliable mechanism for water storage. If the climate shifts to a more raindominated regime, then the predictability of water supply based on, for example, April 1 snowwater equivalent (SWE) is reduced. Warmer temperatures, along with a longer growing season,
lead to greater evapotranspiration from the natural landscape that can result in a reduction in
runoff and annual streamflow. However, the generally high elevation and cold snowpack of
Colorado can, to some extent, delay the impacts of a warmer climate, compared to what is
projected to happen in mountain ranges at lower elevations.
Precipitation also has a strong influence on total runoff and streamflow. The uncertainty in how
precipitation might change, as discussed above, is an important factor in evaluating the
confidence in hydrologic projections. However, there is some indication that an increase in
winter precipitation can offset some of the decline in runoff due to increased evapotranspiration
from a longer snow-free growing season.
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East Slope water supplies in Boulder County: Two recent studies have investigated the
sensitivity of the hydrology of Boulder County watersheds to changes in temperature and
precipitation. Given an understanding of how runoff responds individually to changes in
temperature and precipitation, it is possible to estimate how an individual basin will respond to a
changed climate. As mentioned earlier, the City of Boulder’s climate vulnerability study found
that a 5.4F warming resulted in a 4% decline in annual streamflow for Boulder Creek at
Orodell, near the mouth of Boulder Canyon. A scenario with no temperature change, but a 20%
annual decline in precipitation, resulted in a 13% decline in streamflow. Smith et al. (2009)
estimate that streamflow and runoff peaks will shift from June to May.
The Joint Front Range Climate Change Vulnerability Study, an effort of a number of Front
Range communities including Boulder and Longmont, is investigating the response of Front
Range watersheds including the South Platte River, St. Vrain Creek, Boulder Creek, and the
Cache La Poudre River to climate change. This study uses two hydrologic models, the WEAP
model (from the Stockholm Environmental Institute) and Sacramento model (developed by the
National Weather Service). Preliminary results from this study show that a 1.8F warming, with
no change in precipitation, would result in a 4–5% decrease in streamflow in both Boulder and
St. Vrain creeks, and a 7.2F increase would yield a 16–21% decrease in flow (Woodbury et al.,
2012). These models show considerably more sensitivity to temperature change than the City of
Boulder study above. This difference illustrates that additional uncertainty is introduced by the
process of hydrologic modeling. Although the hydrologic models generally agree on the shift in
timing of the flows due to warmer temperatures, the overall loss from the basin due to
evapotranspiration is more difficult to model and typically shows greater differences from model
to model.
In addition, further information about the possible impacts of climate change on streamflow in
Boulder County is coming from the emerging science of using very high-resolution weather
models to simulate the climate of the future. This new research is exemplified by the Colorado
Headwaters project at NCAR (Rasmussen et al., 2011). An initial effort has modeled the snow
accumulation season (November through April) with a 6-km (3.6 mile) resolution over a limited
spatial domain that includes the Colorado Rockies. Results were shown for Boulder Creek,
including a 12% increase in precipitation, a 28% increase in November–April runoff, a 9%
reduction in maximum SWE, and a date of maximum SWE occurring 16 days earlier. This work
suggests that the climate models have understated the potential for increased precipitation in
winter. However, several methodological issues noted in that paper make it difficult to directly
compare this result to the other studies cited above.
Colorado River water supplies: Many Boulder County municipalities receive water from the
Colorado River Basin through the Windy Gap Reservoir and the Colorado Big Thompson
projects. The City of Boulder Drought Plan found that there is a high correlation between
droughts in the Front Range watersheds and the Colorado River headwaters (City of Boulder,
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2004). Table 2.3 presents a short summary of studies on the effects that climate change could
have on the hydrology of the Colorado River basin. These studies indicate a 6–20% decline in
annual runoff for the Upper Colorado basin.
Table 2.3. Studies of upper Colorado River basin natural streamflow under
climate change
Study
Christensen et al. (2004)
Milly et al. (2005)
Christensen and Lettenmaier (2006)
Colorado Water Conservation Board (2010)
U.S. Bureau of Reclamation (2011)

Annual
Temperature Precipitation streamflow
+3.1°F

-6%

Not shown

Not shown

+4.5°F

-1%

+3.6°F
+3.8°F

-1.5%
-0.3%

-18%a

Time
period
2040–2069

-10 to -20% 2041–2060
-6%a

2040–2069

-7%

a

2040

-9%

a

2050

a. The mean or median result of these studies is reported here. These studies investigated many climate
projections and show a range of results including both increases and decreases in annual streamflow.

The NCAR Colorado Headwaters study mentioned above also showed changes in the Upper
Colorado River basin. In particular, the researchers found a larger increase in winter precipitation
compared to GCM projections – about 10–15% greater for the headwaters.
Finally, it should be noted that a number of factors besides increases in temperature affect rates
of snowmelt and runoff. Known and suspected factors include airborne dust from the Colorado
Plateau, tree mortality from bark beetle infestations, and unusual patterns of snow accumulation
and springtime temperatures. Ongoing research is aimed at understanding the various influences
of these factors, which could be rather significant. One study found that typical amounts of dust
in recent years had reduced the overall flow in the Colorado River by 5% compared to predevelopment dust amounts. The reduction in flow in the models was due to more snow-free
ground in spring, more evaporation, a longer growing season, and increasing water use by
vegetation (Painter et al., 2010). Although warmer temperatures are very likely to result in earlier
snowmelt and runoff, it is important to remember that these other factors, which are not
necessarily tied to climate change, might be responsible for some portion of recent trends in
snowmelt timing.
Uncertainty in hydrologic projections
All the studies mentioned above show that increased temperatures lead to increased losses from
evapotranspiration. The long-term yield of a basin is largely determined as the difference
between the total precipitation and losses through evapotranspiration and sublimation. These
studies underscore how our uncertainty about future precipitation informs projections of
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hydrologic yield. It is probably best to draw from the advantages each study has to offer. The
studies listed in Table 2.3 were able to investigate a large range of future climate scenarios and
indicate that in most of these the increased losses from evapotranspiration leads to decreased
annual runoff and streamflow. However, the new results from the Colorado Headwaters project
indicate that increased wintertime precipitation might play a larger role in offsetting these losses.
By comparing many studies using different models and methodologies, it is possible to gain a
better understanding of the various sources of uncertainty in the projections. All the above
studies except the Colorado Headwaters study were able to investigate a large range of future
climate scenarios and many of these show decreased runoff in the future.

2.5 Impacts on Emergency Management
Wildfires: Although there are no studies on wildfires in Boulder County in particular, there is
good evidence that wildfires across the western United States have been increasing and will
likely continue to increase in the future. A 2006 study found a fourfold increase in the number of
wildfires since 1986 compared to the 1970–1986 period, with a sixfold increase in burned
acreage. Those results were attributed to a 78-day increase in active wildfire season and a
fivefold increase in average fire duration. Much of that, in turn, can be attributed to earlier
snowmelt and hotter summertime temperatures (Westerling et al., 2006). Tree-ring records of
fire scars and debris found in alluvial fans show that warmer and drier periods are associated
with more frequent and severe wildfires (CCSP, 2008). Given that climate projections indicate
continued advance in snowmelt timing and increasing summer temperatures, wildfire conditions
across the West are likely to worsen in the future.
Storms and flooding: As mentioned earlier, GCMs and our understanding of the climate system
indicate that precipitation extremes (e.g., 100-year floods) are likely to get larger. The situation is
more complex in Colorado, where some models show a marked decrease in average summer
precipitation, the season when we typically get our largest daily precipitation events. However,
even if precipitation overall decreases and rainy days become less frequent, larger extreme
events result from added moisture in the atmosphere. This is bolstered by the results of a
preliminary high-resolution study that projects an increase in precipitation for extreme events,
accompanied by greatly reduced incidences of hail reaching the ground and more extreme
precipitation at high elevations (above 8,200 feet) falling as rain (Mahoney et al., 2012).
Although these factors would generally imply a potential increase in flash flood frequency, some
studies have found that reduced spring snowpack could actually result in lower flood frequency
in the Interior West (CCSP, 2008). No specific studies have been done for Boulder County,
however, where local factors such as the character of canyons might affect flood frequency and
severity.
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Finally, Boulder County currently experiences a number of damaging windstorms each year,
especially from Chinook winds. However, no current analyses are available to provide specific
evidence for changes in the frequency or intensity of these events.

2.6 Impacts on Human Health
Increase in extreme temperatures: Among the clearest signals from the existing climate
change research is the projected warming in the county. This is expected to result in an increase
in average temperatures, daily minimum and maximum temperatures, and the number of days
exceeding 100°F. As stated in Section 2.3.4, climate models predict that Colorado could see
10 to 20 days per year over 100°F under the low-emissions scenario and between 20 and 30 days
per year over 100°F under the high-emissions scenario (USGCRP, 2009). For context, Boulder
currently experiences an average of 1 day over 100°F per year (NOAA ESRL/Physical Sciences
Division, 2000–2011 climate data). Extreme heat is not the only temperature concern. Cold
outbreaks in winter are expected to continue, even though overall average temperatures are
expected to rise. What this means for human health is that the number of extreme temperature
days (extreme heat or cold) is anticipated to increase from the current conditions (increase in
occurrences of extreme heat days, maintain frequency of extreme cold days).
Degraded air quality: Several aspects of climate change have the potential to degrade air
quality and thus human health. Potential health outcomes from degraded air quality include
increased incidences of asthma and other respiratory ailments, respiratory allergies, and degraded
lung function (EHP and NIEH, 2010). The pathways through which climate change can
influence air quality include:


Seasonal increase in temperature could contribute to a longer ozone season



Climate change could contribute to increased abundance of some airborne pollens, such
as ragweed, a common allergen (Ebi et al., 2008)



Longer and hotter summer days could increase the demand for electricity for air
conditioning – the increased power demand will, all else equal, increase power plant
emissions of nitrous oxides (NOx) and particulate matter



Smoke and particulate matter from wildfires have the potential to create dangerous
conditions, especially for those with respiratory illnesses such as asthma or chronic
bronchitis.

Increased stress on water quantity and quality: It is likely that the county will see an increase
in precipitation associated with large-scale storm events, a longer duration between extreme
events, and more precipitation falling as rain instead of snow. All these factors could increase
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contaminant loading from stormwater flows, increase the potential for flooding, and increase the
potential for septic contamination as areas previously thought to be outside the flood zone are
now vulnerable to inundation. Water chemistry is sensitive to direct impacts of climate change
such as change in temperature. Finally, higher average temperatures will result in higher
temperatures in streams and lakes, potentially leading to more algal blooms in drinking water
supply reservoirs.
Changes in vector-borne illness: Future impacts to vegetation and average/extreme conditions
are likely to affect the habitat suitability for different disease vectors and reservoirs, such as
mice, birds, mosquitos, deer, and bats (Ebi et al., 2008). Because they are reliant on a number of
factors, it is not well understood how climate change will impact vector-borne illness, new
vector-borne illnesses could be introduced to the county and/or there could be increased
incidence of vector-borne illnesses that are already present. Some possible changes include (from
staff interviews):


Rabies transmission could increase if warmer temperatures result in reservoir species
(bats, skunks, etc.) spending less time hibernating and more time interacting with other
animals/humans



Incidences of plague and tularemia have the potential to increase if winters become
warmer and rainier on average



Milder weather in winter seasons and warmer weather in summer could make the county
a more suitable habitat for some mosquito species, while increases in precipitation
associated with extreme events could produce more habitat for mosquitos (e.g., sp.
Aedes) that have a lifecycle linked with flooding



On the other hand, drier conditions could limit mosquito populations.

Severe/catastrophic natural events: These are events that produce potentially life-threatening
conditions, such as heavy precipitation (both rain and snow), flooding, and wildfires. These
impacts are described in detail in the EM chapter.

2.7 Impacts on Agriculture and Natural Resources
Agricultural impacts: Climate change can have varying impacts on agriculture, depending on
crop type and location. Higher CO2 levels generally tend to cause plants to grow larger and
become more water efficient. However, for crops already near their maximum heat tolerance,
more irrigation might be necessary to reduce heat stress. Because of a reduction in the time
between when the seed grows and the plant matures, a number of crops, including wheat and
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corn, might show decreasing yields with increasing temperatures. In terms of grazing, rising
temperatures might increase the length of forage production seasons but reduce forage quality,
leading to a net increase in area needed to accommodate grazing animals. Lengthening growing
seasons, however, could reduce the need to accumulate winter forage.
Ecosystem impacts: Changes in temperature and precipitation patterns and extremes can lead to
the local extinction of species if key physiological thresholds are exceeded. In response to
warming, many species are expected to shift their ranges northward and upward in elevation.
Climate change also is likely to alter the timing of key events in species or ecosystems. Changes
include earlier bud burst, flowering, emergence from hibernation, migration, and breeding. When
these phenological changes affect co-occurring species, they can disrupt species interactions,
including predator-prey and plant-pollinator relationships. As with native plant species, weeds
are likely to be affected by climate change, but it is difficult to predict whether any given
invasive species will do better or worse under elevated CO2 and climate change.
Forest disease and wildfire: A combination of factors can contribute to increases in pest
outbreaks under climate change. Higher temperatures can contribute to increased survival and
productivity of pests, while drought and heat stress caused by climate change can make forests
more vulnerable to insect outbreaks. These dynamics can affect wildfire dynamics and also
provide a positive feedback to climate change. Seasonality of average and extreme temperatures
and precipitation has a significant impact on wildfire timing, frequency, and magnitude. If
climate change leads to warming, as anticipated, and possibly to drier conditions, this could
affect the severity and frequency of wildfires, requiring alterations in fuels treatments and fire
management practices.

2.8 Recommendations for Future Study
This plan summarizes the state of the science on climate change applied to Boulder County.
Since there are few studies in the literature that apply specifically to Boulder County, we have
drawn inferences from regional studies, from general principles of climate science, and from
existing downscaled datasets. We see two areas where further research may be of use. The first
area is that of spatial scale. The large-scale temperature and precipitation changes reported here
may be sufficient for many planning purposes. However, these large-scale changes may be
translated into local information through relatively simple downscaling techniques. One example
might be to generate a map of GDDs for the county under a warmed climate. The second area is
in modeling the impacts of climate change on systems of interest including water, transportation,
and ecosystems. This modeling can take many forms including intensive numerical (computer)
modeling, geographic information system (GIS)-based modeling, and expert-driven conceptual
modeling.
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The science is advancing, new climate projections are becoming available, and new
understanding of how the natural and built systems respond to change is emerging. We
recommend that the City of Boulder and Boulder County periodically review the state of the
science. Some specific areas of research that address the above concerns follow:


Continued and enhanced monitoring of climate in Boulder County, including
temperature, precipitation, soil moisture, and other climate indicators. More discussion of
monitoring is provided in Section 6.3.



Calculation of high-resolution maps or GIS layers of changes in derived climate fields
such as GDDs, precipitation deficits, and heat indices for several different scenarios of
future climate change within the ranges discussed in this plan. These could help planners
to better envision scenarios of climate change in Boulder County.



Further evaluation of snowpack distribution under warmer climates using downscaled
hydrologic modeling.



More modeling on potential impacts on vegetation including analysis of ecosystem
productivity and biodiversity.



Research into future climate impacts on winds, including on fires (Miller and Schlegel,
2006), and the severity and frequency of damaging windstorms.
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3.

Water Supply

Like much of the western United States, the delivery of water supplies in Boulder County is
primarily the responsibility of individual public water providers (i.e., each municipality within
Boulder County) and private ditch and reservoir companies. Boulder County has a very little
formal role in the provision and protection of water supplies across its domain. The county’s
Water Quality Program, part of the Department of Public Health, exercises regulatory authority
over septic systems in unincorporated parts of the county and plays a role in source water
protection, and the Boulder County Parks and Open Space (BCPOS) owns shares in ditch
companies associated with the county’s ownership of agricultural lands. On the whole, however,
the vast majority of responsibility for ensuring adequate and safe water supplies is in the hands
of municipal water utilities, water districts serving unincorporated areas of the county, ditch
companies serving agricultural and other water users, and individual water wells.
The diversity of this sector is reflected in the size and complexity of various municipal water
providers’ systems, which range greatly based on the number of people or area of land serviced.
In proportion to their population size, Boulder and Longmont have relatively large water utilities
in terms of both number of taps serviced and size of staff, while mountain towns such as
Allenspark and Jamestown have very small drinking water systems. As another example, the
Left Hand Water District serves a geographically large section of the county between Boulder
and Longmont but only about 7,000 water taps (Left Hand Water District, 2008). A large number
of private ditch and reservoir companies, many of which have their ownership split among
private, municipal, and industrial interests, provide additional water diverted from streams and
creeks throughout the county.
The provision of water in Boulder County is dependent on precipitation, particularly the
accumulation and melting of snowfall in the high mountains. Most of the precipitation in
Boulder County occurs as snowfall during the winter and early spring months in the higher
elevation headwaters of the county. Snow accumulation usually reaches its maximum in April,
and snowmelt usually occurs from April through July. This pattern of snow accumulation and
melt provides a natural form of water storage that produces relatively high streamflows during
May through July, which partially coincides with peak water demands associated with
agricultural and outdoor urban water uses.
This chapter focuses solely on the provision of water supplies to city and county residents and
farmers on county land. Some issues related to stormwater and flooding are discussed in
Chapter 4. Here we briefly review potential climate change impacts on water resources. A more
in-depth discussion of hydrology under a changed climate is provided in Chapter 2. This chapter
focuses on decision support by building on discussions of climate change impacts, with an
analysis of specific challenges and opportunities facing water supply entities in Boulder County.
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The analysis is based on scientific literature, an examination of various water supply planning
documents, and interviews with representatives of the City of Boulder Public Utilities
Department, the Boulder County Water Quality Program, the City of Lafayette, Left Hand Water
District, and the BCPOS.

3.1 Why Consider Climate Change?
Climate has significant impacts on the balance of water supplies and demands throughout
Boulder County. The amount of water available to meet human and many other needs across the
county is directly related to the amount and timing of snow accumulation and snowmelt in the
high mountains of the county. Rainfall during spring and summer months supports the growth of
natural vegetation and some crops on the plains, and temperature affects human and agricultural
water demand across the county and in downstream areas.
In this section, we first discuss potential climate change impacts on water supplies and demands
throughout the county. Next, we analyze the degree to which climate change could affect the
fundamental goals of water supply entities throughout the county and describe specific
challenges they might face.
3.1.1

Impacts of climate change on water supplies in Boulder County

Overall precipitation: Total available water is directly related to the amount and timing of snow
accumulation and snowmelt in the high mountains of Boulder County. As noted in Chapter 2, the
climate of Boulder County is highly variable and strongly influenced by elevation and
topography. The high mountains on the western edge of the county collect significant snowpack
that melts and runs off into the plains, providing the bulk of water supplies for most utilities and
other providers. Climate change impacts on overall precipitation in Boulder County are unclear,
although there is some evidence that precipitation will shift earlier, with more snow falling in
December through March and less falling in April and May. Modeled future climate projections
show no clear trend in annual, summer, or fall precipitation.
Snowmelt and streamflow: Rising temperatures are expected to result in a partial shift from
snow to rain, reducing snowpack levels, which serve as natural wintertime water storage, and
accelerating the timing of runoff. This means more runoff in late winter and early spring and less
runoff in late spring and summer. Were significant reduction in snowpack to occur, some water
providers might feel forced to look for additional artificial storage (staff interview), although the
high elevation of many of the county’s watersheds might mitigate shifts to rain. Overall, current
research shows that a shift to earlier runoff is highly likely but that the effects of temperature and
precipitation on annual streamflow volume is highly dependent on future scenarios of
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greenhouse gas (GHG) emissions and on the response of the climate system. Different climate
models project increases and decreases in precipitation for the region, although more show
decreases than increases (Woodbury et al., 2012).
East Slope supplies: There is some indication that wintertime precipitation might increase and
summertime precipitation might decrease, especially in the mountains that yield snowmelt to
streams on the East Slope in Boulder County. However, there is little agreement among the
multiple climate models considered and much uncertainty surrounding the ability of models to
properly demonstrate the effects of mountains on precipitation patterns. In 2009 the City of
Boulder partnered with consultants and obtained a federal grant to study the vulnerability of the
city’s water supplies to climate change. Except under the driest future scenarios analyzed, the
city was capable of meeting its reliability goals. Although similar analyses have not been done
for other county water providers, smaller providers may benefit from reviewing the Joint Front
Range Climate Change Vulnerability Study (Woodbury et al., 2012), which provides an analysis
of how South Platte and Colorado River supplies could be impacted under a variety of future
climate scenarios.1 Thus, planning for climate change will entail preparing for uncertainty, since
neither global nor regionally downscaled climate models provide a clear picture of future
changes in precipitation across the county, as discussed in Chapter 2.
Colorado River supplies: The 2009 Boulder study factored in potential impacts to the city’s
water supplies that come from the Colorado River. Boulder, like many water utilities in the
county, owns units of the Colorado-Big Thompson (C-BT) project, a federal trans-basin
diversion that brings water from the Colorado River to Front Range communities. Thus, water
supplies in the county are impacted by climate in the headwaters of the Colorado River, which
can affect the amount of water available to be transferred through the C-BT project. It is critical
to recognize the high level of correlation between droughts in the headwaters areas of both
Boulder Creek and the Colorado River (City of Boulder, 2004), which might reduce the ability of
water providers to use C-BT water as a means of diversifying supply. One unknown but
potentially significant impact on water providers reliant on C-BT water is the possibility of a
Lower Basin call (request for more water) under the Colorado River Compact, which would
reduce the amount of water available to users in Upper Basin states including Colorado (City of
Boulder, 2009).
Extreme precipitation and flooding: Extreme precipitation, especially late spring storms, can
lead to heavy flooding that can negatively impact water quality and storage (staff interview).
Temperatures also impact water supplies and demands – warmer conditions can lead to greater
water demands from agricultural and outdoor municipal uses and increased evapotranspiration
from reservoirs. Changes in temperature and precipitation manifest in streamflow, which can in
1. Small water providers lack the personnel or funding to spend significant time assessing climate change
impacts or preparing for a significantly different climate in the future (staff interview).
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turn impact other aspects of water supplies, including water quality (e.g., lower streamflows
often result in higher concentrations of pollutants; staff interview).
Rising temperatures would also increase the likelihood of rain-on-snow events that could raise
the likelihood of flooding.2 Floods can have serious consequences for water supply management
by bringing massive amounts of sediment and debris through creeks and into reservoirs. Under
those conditions water managers often decide not to capture the water due to its low quality and
might have to contend with reservoir damage (staff interview). In addition, an increase in the
magnitude and frequency of sediment (debris) flows will increase the risk of damage to
vulnerable water supply infrastructure. These highly erosive events can readily scour down to
and dissect buried pipelines as well as knock down buildings.
Drought and variability: The City of Boulder relies primarily on snowpack in the watersheds
feeding Middle and North Boulder creeks for its water supply. Boulder uses additional water
from the C-BT system, some of which is exchanged with farmers to allow the city to use more
water from the upper reaches of Boulder Creek, which generally has higher quality and can be
diverted by gravity to the city’s treatment plant. Thus, the city pays close attention to snowpack
in late spring, which can be a significant indicator of how much water will be available
throughout the rest of the year. During the 2002 drought, for example, the city was able to
determine from its regular measurements of snow depth that it would be a particularly dry year
and began implementing drought restrictions (staff interview). Future extended droughts that
impact snowpack in the high mountains – especially if such droughts reduce the frequency or
size of spring upslope storms – could push the city into more severe drought restrictions.
However, city water managers are currently comfortable with their ability to use existing
supplies as well as emergency storage to meet needs even under very usual drought
circumstances (staff interview). Other water supply entities in the county were able to deal with
the drought but are not necessarily as comfortable with the possibility of longer-term or more
severe droughts.
Water supplies for county agricultural lands: The BCPOS owns water rights across the
county that are associated with its ownership of agricultural land through the Open Space
program. Approximately 12,000–13,000 acres of land are irrigated each year, using up to
26,000 acre-feet of water per year when supplies are available. Various ditch companies control
the water used on county agricultural lands, and the BCPOS owns at least some share in all of
the companies serving county lands (staff interview). With the exception of very senior water
2. Rain falling on snowpack can have a variety of impacts depending on conditions prior to the rain event. In
general, however, because rain adds thermal energy to snowpack, it can speed up snowmelt. In addition, frozen
soil underneath snowpack absorbs little water, leading to faster runoff, which could potentially lead to
flooding. Rain-on-snow is currently a much more common phenomenon in the Pacific Northwest and the
Sierra Nevada mountains than it is in the Colorado Rockies.
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rights at some properties such as Caribou Ranch, much of the water rights for county-owned
agricultural lands are from the 1870s, which make them junior to some downstream rights
holders on the South Platte. Thus, farmers on county lands often find themselves with
insufficient water for irrigated crops, especially during particularly dry years when cities and
other holders of more senior rights call for water (staff interview).
Water quality impacts: Temperatures have increased across Colorado over the past 30 years
and are projected to increase during all months of the year but especially during the summer
(Ray et al., 2008). This could result in earlier runoff and reduced summer and wintertime flows,
potentially exacerbating water quality problems. As flows decrease, the concentration of metals,
sediment, or other contaminants increase in a given surface water body, reducing the water
quality and creating the need for greater water treatment to meet applicable quality standards
(staff interview). A warmer climate is likely to also increase water temperatures, which can have
a number of negative impacts on aquatic ecosystems. For example, warmer temperatures could
increase the amount of organic matter such as algae in source water, which would consequently
increase the presence of disinfection by-products that are costly to remove in order to meet water
quality standards (staff interview).
Warming temperatures are also associated with an increase in wildfire frequency and magnitude
throughout the western United States (Westerling et al., 2006). Intense wildfires can produce
highly erodible soils that can lead to increased sediment loading in reservoirs and streams,
damaging water infrastructure and degrading water quality. Although most of the city’s water
supplies are in low or moderate fire risk areas (City of Boulder, 2009), a catastrophic fire would
have serious impacts on higher-elevation water supplies, notably Barker Reservoir. In addition,
the placement of the City of Boulder’s main water treatment plant at Betasso leaves it vulnerable
to fire – during the Fourmile Canyon fire, the city was nearly forced to evacuate and shut down
the Betasso Treatment Plant, which would have resulted in a loss of treated water entering the
city (staff interview).3
Impacts to water demand: Higher temperatures generally result in increased demand for water
use in outdoor landscaping and agricultural irrigation. For many water supply entities, a warmer
future could lead to an increase in demand as residents use more water on their lawns and crop
irrigation water requirements increase. However, the prior appropriation water rights system
complicates this connection for the City of Boulder. Changes in demand within its water supply
service area are less stressful to the system than increases in demand from agricultural users
along the South Platte whose water rights are senior to those held by the city (staff interview).
Under Colorado’s prior appropriation system, agricultural water users on the plains along the
South Platte River downstream of Boulder County are entitled to water flowing through the
3. The water treatment plant is connected to a specialized computer control system intended to allow the plant
to be operated remotely, but it did not work properly during the Fourmile Canyon fire.
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county during times of insufficient supply to the degree that their water rights are senior to those
of county municipal utilities. Thus, increased water needs for plains agriculture, especially
during drought, can have significant impacts on the availability of water for municipal and
industrial uses in the county.
Additional non-climate impacts: Non-climate concerns are also relevant to water quantity and
quality and can interact with climate impacts. Water managers are particularly concerned about
pollution from septic systems near water supplies. Although the City of Boulder owns a portion
of its watershed, urban runoff in Nederland and drainage from abandoned mines can affect water
quality in Barker Reservoir, which provides significant storage for the city. Many water
providers depend on the Boulder Feeder Canal to bring C-BT water from Carter Lake. However,
runoff from nearby agricultural lands often reduces the quality of water in the canal, which is
why several water providers are considering building the Carter Lake Pipeline (staff interview).
Water utilities are also subject to a large number of federal and state regulations and often
struggle to pay for and comply with increasingly stringent regulations (staff interview).
Although many western communities are concerned with the ability to provide adequate water
supplies to growing population centers, that does not seem to be a major concern for many
Boulder County municipal water providers. The City of Boulder, which currently serves
113,000 residents and 100,000 employees, is already near its build-out expectations of
129,600 residents and employment of 166,000 (City of Boulder, 2009). The City of Lafayette is
at 70% of its projected residential build-out (staff interview). Open space acquisition and other
factors have made population growth a less significant issue for some water providers in the
county. Although most utilities require developers to pay for water infrastructure needs,
development can force the construction or upgrading of treatment plants and other major
infrastructure sooner than a utility is prepared for (staff interview).
Finally, political considerations seem to be a significant stressor for water providers in the
county. Water providers thinking about the future often wonder whether they will need
additional storage to meet population growth, handle variability, and adapt to a future with less
snowpack and lower summer flows. However, the political climate in Boulder County has been
described as hostile even to discussions of expanding storage or building new reservoirs (staff
interview). Left Hand Water District has found the county’s approval process for laying new
pipeline to be extremely cumbersome and based on a presumption that the district is encouraging
growth (staff interview). In the City of Boulder, some residents and officials believe that water is
directly connected to growth and thus push for water to be provided on an “absolute yield”
basis,4 rather than through the city’s existing reliability criteria (staff interview). Finally, water
4. Under an “absolute yield” system, water would be provided to meet any demands within the service territory
unless emergency conditions exist. In contrast, the City of Boulder’s reliability criteria promises water delivery
only to specified needs when the city experiences various drought conditions.
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utilities – particularly the City of Boulder – often own aging infrastructure that requires costly
maintenance and repair, but obtaining funding for major infrastructure projects requires Boulder
City Council approval of rate increases, which might be held up due to political considerations.
3.1.2

The effects of climate change on water supply objectives

Water utilities in Boulder County, it should be noted, are accustomed to planning for and
managing highly variable systems. For example, the City of Boulder is accustomed to dealing
with creek levels that can fluctuate on a 24-hour basis during the summer, along with severe
storms in both the winter and summer (staff interview). Recent droughts, particularly the
severely dry year of 2002, also tested water providers’ abilities to manage demand and meet
critical needs. The City of Lafayette noted very good compliance with drought restrictions that
summer, which enabled them to reduce outdoor water use by approximately 80% (staff
interview). The Left Hand Water District implemented some water use restrictions but found
itself with plenty of water to meet customer needs (staff interview), even though the 2002
drought was considered a 1-in-300-year event when compared with tree-ring records (City of
Boulder, 2004).
Despite that, however, water supply entities throughout the county are still vulnerable to major
shifts in climate trends that can affect planning, especially due to the long timeframes used by
municipal water utilities. The City of Boulder uses both a 20-year short-term and a 100-year
long-term planning horizon (staff interview). The City of Lafayette plans for 50-year intervals,
timed with the operational life of a water treatment plant (staff interview). Every 10 years, the
Left Hand Water District updates its master plan, which anticipates needs over the next 20 years
(staff interview). Given the long timeframes involved in water supply planning, utilities and
other providers must take climate trends into account in order to properly forecast available
supplies and demands so that they can meet their objectives.
We describe the objectives of water supply entities in the county here in order to ensure that
climate change is viewed as a potential factor affecting their ability to meet their objectives,
rather than a separate impact requiring separate plans and management. Given the large number
of public and private water supply entities in Boulder County, it is not possible to describe the
objectives of each one in this document. However, most municipal and domestic water providers
have a mission or set of goals that focuses on the timely and economical provision of safe, clean
water to their customers. Private irrigation companies are focused on delivery of adequate
supplies of a quality suitable for their respective shareholders’ uses.
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As an example, the City of Boulder’s Water Utility Master Plan (City of Boulder, 2011) lists
overall water utility goals as:







Provide safe and high-quality drinking water
Minimize interruptions to the delivery of water
Operate cost effectively
Consider other community goals in operating the water utility
Provide informative and responsive customer service
Foster communication and coordination among water utility staff in different locations.

Individual portions of the city’s utility system, such as the water treatment facility, have more
specific sets of goals and objectives.
The City of Lafayette’s water utility, which serves approximately 8,000 residential and
commercial customers, is guided by an informal two-tiered set of objectives. Its first priority is to
provide clean water for the safety and health of everyone within the service area. The secondary
priority is to provide water to benefit customers’ quality of life through irrigation of landscape
and other uses (staff interview).
The Left Hand Water District, an enterprise operation first formed in the early 1960s, describes
its mission as providing “safe and reliable water to our community in an economical, efficient,
and responsible manner now and in the future” (Left Hand Water District, 2008).
The county’s Water Quality Program shares the objective of its parent division, the
Environmental Health Division of Boulder County Public Health, which has a vision of “a safe,
clean, and healthy environment for Boulder County” (Boulder County, 2011). The Water Quality
Program in particular strives to ensure that county residents have the best water quality possible
(staff interview).
BCPOS has an extensive set of objectives, which are discussed in Chapter 6. A 2012 draft
BCPOS Water Policy describes a vision of water resources “managed in an effective,
sustainable, and efficient manner to support agriculture, provide quality visitor use opportunities,
maintain viable riparian corridors, and for other environmental benefits,” with specific goals
related to agriculture, ditch operations, riparian habitat, reservoirs and ponds, visitor experience,
information management, and monitoring and maintenance (BCPOS, 2012).
We use the first three goals listed in the city’s overall plan as a basis for analyzing water supply
entity objectives under climate change. The remaining goals are less relevant because they are
specific to the city and less influenced by climate factors.
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Provide safe and high-quality drinking water: This broad goal, which is similar to the overall
objectives of other water supply entities considered in the preparation of this plan, encompasses
concerns about both quantity and quality of water supplies. Under climate change, the ability of
water supply entities to deliver as much water as they have in the past might be compromised.
Water supply entities generally plan using the historical record of variability, which in Boulder
County extends back approximately 150 years. If climate change results in a reduction of water
available on average, water supply entities might have to change their planning in order to adapt.
Although most water supply entities are prepared for changing operations to accommodate yearto-year changes in availability, a trend in overall supply will require reconsidering long-term
plans and examining costly and difficult options.
In addition, climate change might hinder the ability of water supply entities to deliver safe and
high-quality water. Although none of the water providers interviewed as part of the preparation
for this document expressed concern that they would be unable to meet quality standards set by
the State of Colorado, they are worried about the possibility that lower late-summer flows could
result in more frequent violations of water quality criteria or require the installation of expensive
treatment equipment. The possibility of increased frequency of floods, fires, and other extreme
events also poses a threat to achieving this objective by potentially reducing water quality.
Finally, increased temperatures, especially late in the season when reservoirs are low, can result
in increased algae, which in turn requires greater use of chlorination and will lead to higher
levels of disinfection by-products after raw water is treated (staff interview).
Minimize interruptions to the delivery of water: This goal primarily deals with reducing the
number of water supply interruptions attributed to distribution pipes bursting underground. Due
to the significant freeze-thaw cycle in Boulder County, water pipes in the county are buried
several feet underground and protected from most climate impacts. However, extreme events,
especially fires and floods, can in some rare cases impact the delivery of water supplies, as
discussed elsewhere in this chapter.
Operate cost effectively: As mentioned in the discussion of the first objective, changes in
average streamflow or other variables that affect the availability of water supplies might require
the consideration of long-term adaptation steps. These steps can include the construction of new
storage or the acquisition of additional water rights, both of which would result in additional
costs to water customers. Impacts to water quality might require water treatment plant upgrades
that can also be costly, although the increasing stringency of federal water quality regulations
makes that a concern regardless of climate change (staff interview). Extreme events can
potentially damage water supply infrastructure, resulting in needed repairs whose costs will be
borne by customers or shareholders.
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Key future management challenges for water supply entities

Any change that reduces the average amount of snow that falls or that affects the timing of
snowmelt and associated streamflow patterns would affect the availability of runoff to meet
seasonal water demands throughout the county. Although water providers in the region are
accustomed to the vagaries of climate, long-term droughts or shifts in the timing of seasonal
streamflow patterns, caused or exacerbated by climate change, could hamper the ability of water
providers to have enough water available to meet customer needs with minimal interruptions.
Thus, a key management challenge is anticipating potential long-term shifts in annual
precipitation and water availability and planning for the flexibility to address those shifts.
The City of Boulder’s four options for adaptation in case of a major reduction in water
availability can be generally described as (1) acquiring additional water rights, (2) building
additional storage, (3) changing reliability criteria, and/or (4) changing the standard of public
expectations for water service (staff interview). Given the constraints of Colorado’s prior
appropriation system and the seasonal nature of water supplies in this region, even these options
are relatively constrained. Understanding which ones apply or might be politically palatable to
specific water supply entities is critical to assessing the full range of options available for water
supply adaptation throughout the county.
Finally, dealing with the fact that a number of “different futures” are possible poses a major
challenge to water supply entities in the county. A future of reduced overall precipitation,
warmer summers, and greater demand downstream of the county will cause much more stress to
water supply entities here than would a future with greater winter precipitation and steady
downstream demands. Being able to plan for the possibility of either of those futures – or a
multitude of other scenarios – without overcommitting capital and other resources is a serious
and difficult issue facing water supply professionals in the county.

3.2 Opportunities to Address Climate Change
There are a number of opportunities for Boulder County and the City of Boulder to integrate
adaptation to climate change into planning, management, and operations of municipal water
supply entities. The following sections consider these opportunities, including high-level
information resources, connecting disaster planning with water supply vulnerability, discussing
the need for investment in water efficiencies, “no regrets” adaptation strategies, and
opportunities for public and stakeholder education on climate change.
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Sharing information, expertise, and resources

Given that water providers in the county are accustomed to planning for and managing
variability, the key is ensuring that they are prepared to deal with a future where climate change
has pushed both overall trends and the magnitude of individual weather events beyond what has
been experienced in the history of settlement of the county. Within and near Boulder County are
a tremendous number of scientific and technical resources that could be leveraged to help water
providers better understand and plan for the impacts of climate change on water resources.
As mentioned earlier, the City of Boulder has completed a study of the vulnerability of its water
supplies under various climate change scenarios. Several years earlier, the city used tree-ring
records to construct a paleohydrology record for streamflow in Boulder Creek, providing a better
idea of the range of variability in the climate even before anthropogenic climate change. These
studies have given the city a range of futures to consider in planning (staff interview). Although
both studies relied on a model of the city’s water supply system, general findings about the
magnitude and duration of past droughts and a possible range of climate futures could be
relevant to other water providers in the county.
In addition, Boulder is home to two federal laboratories [the National Center for Atmospheric
Research (NCAR) and the National Oceanic and Atmospheric Administration’s (NOAA’s)
David Skaggs Research Center] with a vast amount of climate expertise and modeling capacity,
along with high-level climate and weather research conducted at the University of Colorado.
Developing connections to these resources – and finding ways to provide science translation for
water managers – could go a long way toward ensuring that even smaller water providers are
aware of and can react to information about the future impacts of climate change on water in the
county.
This creates an opportunity for the county to provide a new role in facilitating adaptation among
water providers. Many water providers lack the staff or resources to plan for climate change the
way Boulder or Denver Water do, but they do strive to pay attention to the implications of
climate change on water resources (staff interview). Smaller water providers could benefit from
additional opportunities to learn about potential climate change impacts and adaptation options
considered by their larger counterparts. The county has a significant opportunity to address this
issue by creating forums for information sharing, connecting small water providers with
academic and government resources, and even potentially by considering the option of hiring a
climate science translation specialist, who could help individual county water providers access
and act on relevant scientific and technical information.
One possible mechanism for this type of information sharing is the recent Water Stewardship
Initiative proposed by county staff to the Consortium of Cities. The proposal calls for a study
group comprised of consortium members and representatives from relevant government,
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nongovernmental, academic, and other organizations that would consider a variety of relevant
water issues. Although climate change is not explicitly described as an issue in the initial list of
potential study areas, the Scoping Committee could make it an overarching concern if the
initiative is approved.
3.2.2

Focusing on water quality

On a national scale, a significant amount of attention has been devoted to understanding and
preparing for climate change impacts on streamflow and water availability, with much less
attention paid to impacts on water quality. This appears to be reflected in the City of Boulder,
where extensive effort has been put into assessing the vulnerability of the city’s water supplies to
climate change and preparing for severe droughts. The city’s Drinking Water Program, however,
is only beginning to assess its potential vulnerabilities with a foundation-funded multi-utility
study of the impacts extreme weather can have on water quality.5 Utility staff responsible for
drinking water quality, however, understand that there could be a host of other climate-related
impacts that at the least would be expensive to treat. The county’s Water Quality Program is in a
prime position to work with the city and other water providers to assess water quality
vulnerability to climate change in the area, and determine whether putting additional resources
into preparing for warmer stream temperatures and other possible climate impacts is warranted.
This would logically fit with the city’s potential development of a source water protection policy,
as recommended in its Water Utility Master Plan (City of Boulder, 2011).
3.2.3

Integrating emergency management and water system planning

The City of Boulder’s experience with the Fourmile Canyon fire’s impact on water treatment
indicates a clear link between emergency management and water system planning. There is a
significant opportunity for emergency managers and water utility operators to ensure that
continuity of a safe water supply is part of emergency management planning and that emergency
responders are capable of assisting the water utility as necessary. In addition, as mentioned in the
city’s Water Utility Master Plan, there is no comprehensive emergency response plan addressing
how to get water supplies back online in the event of a disaster (City of Boulder, 2009). The city
should develop such a plan and coordinate it with the Boulder County Office of Emergency
Management’s response and recovery efforts to ensure that there is a plan for getting clean water
to customers as soon as possible in the event a disaster causes a disruption. Other municipalities
within the county should consider similar efforts if warranted.
5. Boulder is part of a group funded by the Water Research Foundation to look at “Water Quality Impacts of
Extreme Weather-Related Events.” The project is expected to be completed by the end of 2013 (City of
Boulder water quality staff interview).
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Public education about climate and water system variability

Water utility managers have indicated a lack of understanding among the public and some
decision-makers about the complexities of water delivery in the county. For example, the City of
Boulder has realized that it is actually advantageous not to aggressively conserve water during
peak streamflow because greater flow through the city’s supply system increases hydropower
generation and allows for recharge of the alluvial aquifer for Boulder Creek that supports
instream flows and provides greater “return flows” later in the summer (staff interview).6 In
addition, some decision-makers appear to be concerned that Boulder will get much drier in the
future, although the science does not give such certainty at this point (staff interview). Given the
uncertainty in trying to project future precipitation in the county, along with the variability
already inherent in our regional climate system, it is prudent to implement plans and policies that
allow water systems to be resilient and meet objectives under a range of possible future climates.
The City of Boulder’s water system vulnerability study recommends doing so (Smith et al.,
2009), and that type of approach should be incorporated into all water system planning across the
county.
In addition, future water system planning might need to incorporate more community discussion
about various options related to adaptation. The City of Boulder’s options for water supply
adaptation, described above, are all potentially politically sensitive issues. The city and county
would benefit from beginning public dialogues on the pros and cons of various options that could
enhance water providers’ abilities to prepare for and adapt to climate change.
3.2.5

Investing in no regrets infrastructure projects and water rights

As mentioned in Chapter 1, a key element of adaptation to climate change is engaging in no
regrets decisions that provide benefits regardless of the state of the climate in the future. This is
particularly relevant with respect to water supply. A robust system capable of handling a wide
variety of streamflow scenarios, along with policies and plans that dictate responses to drought,
floods, terrorist attacks, and other extreme events, is the best preparation. A primary example of
a no regrets strategy would be the Carter Lake Pipeline, otherwise known as the Southern Water
Supply Pipeline, which would replace the Boulder Feeder Canal that carries C-BT water from
Carter Lake. Water in the canal is currently subject to pollution from agricultural runoff and
other sources, so installation of the pipeline would reduce the influence of those sources and help
mitigate possible worsening of water quality problems in a future of lower late-summer flows
(staff interview; City of Boulder, 2009).

6. “Return flows” refer to water that returns to a stream later in the year after being used on land for a given
purpose.
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In addition, with the passage of Ordinance 7816, the City of Boulder employed a no regrets
strategy by amending city code so that the city retains first right of refusal for the purchase, upon
granting of a water tap, of private water rights currently used within the city. This action could
help protect the approximately 5,000–7,000 acre-feet of ditch rights within city limits vulnerable
to being sold outside the utility’s service area. By exerting greater control over these rights, the
city is bolstering its ability to easily increase supply at relatively low cost using local options
rather than potentially affecting more distant agricultural areas (staff interview). Regardless of
whether or not climate change reduces water availability for the city, this strategy provides
benefits to the city, including greater local control over nearby water.
3.2.6

Understanding value of conservation to improve resilience

Conservation and efficiency improvements hold the potential to increase resilience to climate
change and forestall the need for expensive investments in new water supplies or infrastructure.
Examples include encouraging agricultural customers to switch to drip irrigation, when
appropriate; encouraging homeowners to switch to less water-intensive landscaping; and
engaging in public education efforts.
Under the State of Colorado’s Water Conservation Act of 2004, all water providers that sell
2,000 acre-feet or more of water in a year must establish a water conservation plan. Although the
act does not specify an exact amount or percentage of water to be conserved, it has prompted
water supply providers across the county to write up conservation plans and consider the value of
conservation in the current and near-future operation of water systems. These plans, therefore,
provide a mechanism for allowing water providers to consider the value of conservation as a way
to meet possible climate change challenges.
Given the possible impacts of climate change on water supplies, as outlined above, water supply
providers should consider whether existing conservation plans are adequate or whether
additional steps could be taken to improve resilience to projected future climate conditions. A
good example would be encouraging the planting of trees and other vegetation that are capable
of withstanding the hot and dry late summer conditions that may become more prevalent under
climate change. In addition, water supply providers may want to consider pre-planned,
contingency-based drought restrictions like those used by the City of Boulder, which allow
conversations about necessary cutbacks in water use to occur prior to the stress of an actual
drought. These measures may help reduce the need to obtain additional water supplies.
While considering the value of conservation, however, water supply providers should think
carefully about the operation of their own systems. For example, the City of Boulder has
engaged in many water conservation efforts but also has to be careful not to discourage too much

Page 3-14
SC12586

Stratus Consulting

Water Supply (5/3/2012)

water use during its “direct flow” period in the spring. This consideration is specific to the nature
of the City’s water system, but other limiting factors may arise in other communities.
3.2.7

Sustaining adaptation knowledge in county agriculture

BCPOS has long recognized the junior status of many of its water rights and the potential
vulnerability of irrigated farming on county land under a future of earlier snowmelt and warmer
summer temperatures. It relies primarily on tenant farmers’ understanding of water in the region
to ensure that farms on county land stay viable during dry years. In addition, BCPOS has
invested and continues to invest heavily in efficient irrigation equipment, including center-point
irrigation devices and planting more water-efficient varieties of crops when available (staff
interview). Continuing to recognize the value of water-efficiency investments is key to ensuring
that county agriculture will remain viable in a more water-constrained future.
BCPOS also recognizes the critical value of local knowledge about water and agriculture in this
region possessed by third- and fourth-generation farmers working on county open space land
(staff interview). There is a clear opportunity for the county to continue to work with the
Colorado State University Agricultural Extension Service to pursue educational opportunities for
new farmers and to press existing farmers to identify succession plans to avoid losing critical
knowledge. Climate preparedness in county agriculture will likely be contingent upon continuing
generations of experienced farmers capable of understanding local conditions and being flexible
in the face of highly variable and potentially fundamentally different water availability.

3.3 Policy Recommendations
Based on our archival review and interviews, we present our synthesis of a few policy
recommendations for water entities in Boulder County. These recommendations are intended as
immediate action items that can help prepare municipal water agencies for climate change.
3.3.1

Create climate adaptation learning network for water

Boulder County should establish a climate adaptation learning network focused on water to
allow smaller water providers to learn from larger ones. The network should explore ways to
leverage county resources to aid utilities with small staff in assessing their climate change
vulnerabilities and planning for future possibilities. It should also connect utility managers with
local climate and hydrology experts and other water managers along the Front Range, possibly
leveraging the network built by the Joint Front Range Climate Change Vulnerability Study
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(Woodbury et al., 2012).7 The Water Stewardship Initiative proposed by county staff and under
consideration by members of the Consortium of Cities would be an obvious mechanism that
could be used to facilitate or implement the climate adaptation learning network for water.
3.3.2

Provide means to translate and communicate climate science

Boulder County should consider hiring a new employee or assigning an existing staff person
with the task of translating relevant climate science for water utilities and encouraging them to
plan for the possibility of a significantly different climate in the future. Note that Denver Water
has such a staff position.
3.3.3

Plan for variety of different climates

City and county officials should be aware of the uncertainty inherent in climate change
projections and prepare to adapt to a variety of future climates, rather than assuming the climate
will move in one particular direction. There are a variety of methods available that help utilities
plan for multiple futures, including “scenario planning,” which encourages utility planners to
consider four possible scenarios and determine how to plan for all of them. More information on
scenario planning is available through the Carpe Diem West Academy Webinar at
http://carpediemwestacademy.org/GettingOutontheDanceFloor as well as the Water Utility
Climate Alliance White Paper “Decision Support Planning Methods” available at
http://www.wucaonline.org/assets/pdf/actions_whitepaper_012110.pdf.
3.3.4

Ensure funding and support for no regrets projects

Municipal elected officials in charge of funding water infrastructure projects should
acknowledge and make use of the co-benefits from improving water supply infrastructure, which
can both meet current needs and help ensure systems are better able to cope with future climate
change. Infrastructure decisions should be made with a no regrets framework in mind.
3.3.5

Provide forum for community dialogue on water and climate

As noted above, the City of Boulder’s options for dealing with future water supply shortages
involve some combination of acquiring additional water rights, building additional storage,

7. The City of Boulder is a participant in the Joint Front Range Climate Change Vulnerability Study, and
Longmont is an observer. The final study is available at http://cwcb.state.co.us/environment/climatechange/Pages/JointFrontRangeClimateChangeVulnerabilityStudy.aspx.
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changing reliability criteria, and changing the standard of public expectations for water service.
Most municipalities in the county do not have the luxury of adjusting reliability criteria, limited
their options even further. To better set the stage for possible actions in the future, the county and
individual water providers should foster community dialogues around the pros and cons of
various options for adapting to climate change. In particular, citizens and elected officials should
carefully consider the merits and perils of expanding water storage, especially in areas with
relatively little storage.
3.3.6

Coordinate with emergency management officials

Water managers should coordinate clearly with emergency management officials on disaster
mitigation and recovery and they should work with the county as it moves forward with
developing post-disaster recovery planning efforts. Being ready to respond to a disaster that
interrupts the supply of clean water to residents is critical to mitigating the after-effects of natural
and other hazards.
3.3.7

Develop source water protection policies

The City of Boulder should move ahead with developing source water protection policies.
Simultaneously, county officials should consider expanding the scope of the county Water
Quality Program to assist smaller water providers in ensuring high-quality source water.
Municipalities can also receive grant funding from the state Department of Public Health and
Environment for source water protection planning,8 as the Left Hand Water District has already
done (Left Hand Water District, 2011).
3.3.8

Prepare for consequences of severe wildfires on water resources

The county and municipalities within it should work with the U.S. Forest Service to prepare
plans for rapid response to severe wildfire that could produce significant sedimentation into
reservoirs and streams or that otherwise threaten water supply infrastructure. In addition, the
county and municipalities should examine the impacts and prepare for the impacts of flameretardant chemicals on water quality in reservoirs and streams.

8. See http://www.cdphe.state.co.us/wq/sw/swaphom.html.
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Continue public outreach on reliability criteria

The City of Boulder should consider additional public dialogue aimed at adding specifics to its
reliability criteria in the event that low-frequency extended droughts require the implementation
of severe water use restrictions. Although drought restrictions put into place in 2002 were
generally successful with high levels of compliance, future droughts of greater duration or
severity could lead to public concern or difficult political discussions. As such, public dialogues
may be more effective when the city is not facing drought conditions. In addition, other
municipalities across the county should consider the costs and benefits of implementing
reliability criteria similar to those used in the City of Boulder.
3.3.10 Prioritize BCPOS’ investments in water-efficiency improvements
BCPOS should continue to emphasize investments in water-efficiency improvements on irrigated
agricultural land owned by the county and should seek to ensure that its tenant farmers are
knowledgeable about local water issues and prepared to be flexible from season to season.

3.4 Recommendations for Future Study
Many ideas and suggestions were developed during the course of our research. Interviewees and
expert reviewers suggested many more. Ideas and recommendations judged premature for
immediate policy action are included in this section as possibilities for further study or research.
3.4.1

Additional research on water quality impacts from climate change

The City of Boulder should expand efforts to study the potential impacts of warmer temperatures
on source water quality and water treatment requirements, leveraging resources at the University
of Colorado and elsewhere. The county should remain involved in these efforts to inform the
county Water Quality Program and help small water providers understand implications of
warmer temperatures on water quality parameters.
3.4.2

Periodic assessments of state of science on climate change impacts to precipitation
and severe storms

Ongoing research at the University of Colorado Boulder, NCAR, NOAA, and elsewhere has the
potential to improve scientific understanding of how climate change will impact precipitation
and storms in the Rocky Mountains. As noted earlier, current climate models do not necessarily
do a good job of characterizing precipitation in mountainous areas. That may change in the
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future, providing Boulder County and municipalities with a better indication of future trends in
both overall precipitation and runoff and the frequency of severe storms. The City of Boulder has
already indicated that it plans to monitor evolving relevant science, and the county should
partner with them and help disseminate information to other municipalities (City of Boulder,
2009). The county and municipalities should also follow the results of studies including the
Colorado River Water Availability Study, which will provide additional information regarding
future changes to flow in the Colorado River system.
3.4.3

Leverage Joint Front Range Climate Change Vulnerability Study and other
resources to develop more specific vulnerability analyses for specific water
supply entities

The county should consider whether it can leverage the City of Boulder’s Climate Change
Vulnerability Study or Boulder and Longmont’s work with the Joint Front Range Climate
Change Vulnerability Study into more specific information aimed at understanding the
vulnerability of smaller providers in the county.
3.4.4

Examine case studies of other water supply entities around the country that have
developed approaches to planning for uncertain futures

The City of Boulder and Boulder County should study the activities of other water utilities
throughout the West that have developed comprehensive plans for dealing with the uncertainty in
projections of precipitation and draw relevant lessons where possible. One option is to participate
in networks of water utilities that focus on providing lessons learned on adaptation.
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Emergency Management

Climate change has significant potential to greatly exacerbate the already significant natural
hazard risk that the county currently faces. Consequently, emergency management (EM) was
identified as a critical area of focus in this plan. This chapter also considers hazards management
(HM), with an emphasis on floodplain management and wildfire mitigation. EM generally
consists of four phases: mitigation, preparedness, response, and recovery. Mitigation consists of
those activities designed to prevent or reduce losses from disaster. Preparedness is focused on the
development of plans and capabilities for effective disaster response. Response is the immediate
reaction to a disaster. Recovery includes activities that help restore critical community functions
and manage reconstruction in a timely and responsible manner.
Boulder County and the City of Boulder have experienced damaging floods and wildfires in the
past and, despite mitigation efforts, considerable risk remains. Other hazards that could be
influenced by climate change include atmospheric hazards such as extreme temperatures,
droughts, severe thunderstorms, windstorms, tornadoes, and winter storms. In addition, EM often
deals with hazards that could impact human health, such as pandemic flu and West Nile virus
(WNV), although those issues are addressed in Chapter 5. All these hazards are identified and
profiled in the county’s Hazard Mitigation Plan. The major issue for climate adaptation planning
in regards to EM is that climate-influenced disasters in Boulder County might become more
frequent, intense, and hence more costly than they have been in the past.
The remainder of this chapter examines the challenges that climate change might pose to EM
personnel in Boulder County. This chapter is meant as a decision-support document and
translates the current scientific knowledge of climate change into possible impacts on the focal
area. Multiple county and city departments contribute to EM/HM within Boulder County. The
primary departments with this responsibility include the City of Boulder and Boulder County’s
joint Office of Emergency Management (OEM), County Transportation Department, County
Public Health, County Land Use, and the City of Boulder Utilities Division in the Department of
Public Works. A review of the institutional objectives and guiding documents and policies of
each of these departments was conducted to determine if there is currently an aspect of climate
change adaptation within those objectives, to identify which objectives could be impacted by
climate change, and to evaluate opportunities to integrate climate adaptation principles into
existing plans and policies. Supplementing this were interviews with staff from the joint City of
Boulder and Boulder County OEM, the city Utilities Division, and the county Transportation
Department. The results of this analysis are discussed in the following sections.

SC12586

Stratus Consulting

Emergency Management (5/3/2012)

4.1 Why Consider Climate Change?
Climate change has the potential to alter the nature and frequency of hazard events and might
necessitate changes in the way in which hazards are managed as a means of adaptation. The
following briefly identifies department objectives that relate specifically to HM or EM. It is
important to state upfront that climate change adaptation is not an end in and of itself for these
departments. Instead, climate change must be viewed as a factor that actually or potentially
affects the ability of these departments to meet their primary and legally mandated objectives.
One of the basic underlying premises of the EM focal area is that mitigation of hazards is a key
component of climate change adaptation and disaster resiliency. As an example, removing a
property from a flood-prone area to one with lower flood risks will reduce losses from flooding
in both existing and future climate scenarios. Thus, much of this chapter focuses on a review of
how hazard mitigation is implemented by each department. Since the threat of climateinfluenced hazards cannot be completely mitigated, the preparedness, response, and recovery
capabilities within the county are also taken into consideration, as these capabilities might be
stressed by severe disasters in the future.
4.1.1

Impacts of climate change on hazards

Boulder County has many existing vulnerabilities to climate-driven hazards such as floods,
windstorms, wildfires, winter storms, lightning, and thunderstorms. These hazards and associated
vulnerability of people, property, natural and cultural resources, and critical infrastructure are
profiled in the multi-hazard mitigation plans for the county and city. The following list comes
from the county’s plan:
















Avalanche
Dam and levee failure
Drought
Earthquake
Extreme heat
Expansive soils
Flood
Hailstorm
Landslide/mud and debris flow/rockfall
Lightning
Pandemic flu
Severe winter storm
Subsidence
Tornado
WNV
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Wildfire
Windstorm.

Under the current climate, the mitigation plan notes that the county has a considerable
vulnerability to wildfire and flooding. Drought, dam and levee failure, landslide/mud and debris
flow/rockfall, severe winter storm, and windstorm were also considered highly significant
hazards. The city is most vulnerable to floods, dam failures, and pandemic flu according to its
mitigation plan. Wildfires have the potential to encroach into developed areas of the city and do
significant damage. The City of Boulder is often referred to as having the highest flash flood risk
of any community in the Colorado Front Range due to its location along Boulder Creek at the
base of the Rocky Mountain foothills. The respective mitigation plans for the city and county
provide additional details on specific vulnerabilities and potential losses for the identified
hazards.
With the exception of earthquake and possibly subsidence, climate change has the potential to
exacerbate the nature of all of these hazards, most notably the magnitude and frequency of the
events. As noted previously in Chapter 2, climate change might result in increased frequency and
severity of extreme weather events and other natural hazards. In Boulder County, those hazards
include drought, flash floods, severe winter storms, tornadoes, windstorms, and thunderstorms.
Currently the mitigation plans do not address the potential for climate change to alter the nature
of these hazards. Although the direction of change in many of these hazards is known (e.g., more
intense precipitation events are likely), there is uncertainty about the magnitude of change, and
thus it is difficult to predict specific changes in frequency and magnitude of specific events.
Future updates to the mitigation plans should include exploring how climate change might cause
hazard vulnerabilities to change and possibly revisiting the level of significance of certain
hazards, such as extreme temperatures, that are likely to become more of a concern due to
climate change.
Disaster frequency: A concern of the Boulder OEM is the potential for more frequent disasters
than the county has faced in the past. From a nationwide perspective, 2011 has been marked by a
large number of extreme climate events (landmark tornados, floods, droughts, fires, and severe
weather outbreaks) that have led to more than 10 presidential disaster declarations. The federal
disaster relief costs for these events exceeded $1 billion as of September 2011. Some of these
events might have been influenced by La Niña conditions in the Pacific Ocean, but it begs the
question as to what influence climate change might have had and if this is the start of a trend
toward increasing disaster relief expenditures, 25% of which is borne by the state and local
governments when a presidential disaster is declared. Although Boulder County is not directly at
risk from hurricanes, other hazards, most notably floods and wildfire, have the potential to cause
the extensive damage and loss of life that would result in a federal disaster declaration.
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Social impacts: Other hazard impacts affected by climate change might not be as devastating to
property but could result in death and injury. For example, temperature extremes, both hot and
cold, could amplify the risk to transient and elderly populations. From a public safety
perspective, OEM is currently more concerned about heat events, as sheltering processes are
already in place for extreme cold events. Chapter 5 explores the social impacts in additional
detail. Another potential indirect impact of climate change could be an influx of people from
other parts of the United States, particularly coastal areas, which are faced with increasing
temperatures and sea level rise impacts. The temperate climate and higher elevations of Colorado
and Boulder County might become more desirable to those looking to escape hotter temperatures
and coastal storms. As an example, Colorado and several other states experienced an influx of
refugees from Hurricane Katrina in 2005, the result of a single disaster. Population growth and
associated development pressure would create a corresponding need for additional emergency
response resources among other county and municipal services.
Wildfires: Climate projections summarized in Chapter 2 suggest that temperatures will increase
by 2–3F by 2030, consequently increasing wildfire risk. Wetter winters and drier summers can
increase wildfire risk by providing winter and spring moisture to enable early season vegetation
growth, which then dries out in the summer under hotter and drier conditions. These factors
would likely lead to a longer fire season, lower fuel moisture, and an overall increase in wildfire
vulnerability. More wildfires will then lead to more potential for post-fire erosion, debris flows,
and flooding. Under the current climate, wildfires can occur any time of the year in Colorado,
but the highest danger is generally from June through September. Climate change has the
potential to expand the wildfire season. According to the draft county Community Wildfire
Protection Plan (CWPP), in 2011, Colorado experienced major fires in January and February and
a total of 64 fires in March. The CWPP also references statistics from the Colorado State Forest
Service that show an increase in the number and size of wildfires over the time period 1960–
2009, not including the elevated number of wildfires in 2010 and the beginning of 2011. This
could affect the availability of wildland firefighting resources. Federal resources are usually
more readily available during summer months under the current climate. More wildfires, and
particularly wildfires outside of the normal “fire season,” could stretch locally available
personnel and equipment resources. Extreme fire weather conditions severely impact the ability
of firefighters to protect property. The focus of firefighters under these conditions becomes
getting people out of harm’s way and not endangering themselves. In addition, increased
wildfires could lead to watershed degradation and drinking water quality concerns, which are
discussed further in Chapter 5.
The implications of climate change on certain hazards crosses over into other focus areas within
this plan and are not repeated here. Additional impacts of climate change on wildfires and related
forest health issues associated with pest and disease outbreaks are discussed in Chapter 6.
Extreme temperatures as well as the health-related aspects of wildfires, floods, droughts, and
vector-borne illness are examined in greater detail in Chapter 5. Drought and wildfire impacts as
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they relate to water supply and water infrastructure are discussed in Chapter 3. Additional
concerns about flood impacts and climate change are discussed further in Chapter 2. Refer to
those chapters for additional detail.
4.1.2

Effects of climate change on EM objectives

The above section focused on some of the general impacts of climate change on hazards that
could be observed in Boulder County. In this section we focus our analysis on the specifics of
how and why these types of impacts would matter to the agencies that manage hazards in the
county, including Boulder’s OEM; the Transportation and Land Use departments, and the City of
Boulder’s Utilities Division. The discussion also provides examples of how these entities are
currently incorporating planning for uncertainty or extreme events. Highlights of current policies
and practices that might be considered part of an adaptive management strategy are also
discussed.
OEM
The City of Boulder and Boulder County joint OEM leads a comprehensive EM program as a
division of the Boulder County Sheriff’s Office. OEM is the function that plans, coordinates, and
supports a wide range of activities that help communities reduce vulnerability to hazards and
prepare for and cope with disasters. OEM’s mission is to develop, coordinate, and lead a
comprehensive EM program that seeks to enable effective preparation for, efficient response to,
and effective recovery from emergencies and disasters in order to save lives, reduce human
suffering, protect resources, and develop a more resilient community. Boulder’s OEM
coordinates with state and federal partners, many city and county departments, public safety
agencies, municipalities, nongovernmental organizations (NGOs), and private businesses
throughout Boulder County in order to facilitate coordinated planning and response to
emergency situations.
Climate change will likely underscore the need for and importance of EM and HM in the future.
It is likely the current OEM capability will need to expand over time as hazards, exacerbated by
climate change, become more frequent and more intense. The Fourmile Canyon wildfire in 2010,
along with the resulting post-fire flood and debris flows and ongoing recovery issues, drew
significant attention to the critical value of EM and coordination among many Boulder County
departments. These hazard events raised the profile of Boulder OEM and engaged several other
city and county staff in EM activities.
The Boulder OEM has been a leader in Colorado in many aspects of the field. OEM regularly
holds exercises to test plans and procedures with the goal of improving response capabilities.
These exercises have included scenarios such as extreme floods. In 2007, OEM coordinated an
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exercise that tested the county and city’s ability to respond to a flood of similar magnitude to the
Big Thompson Flood of 1973 coming down Boulder Canyon. This exercise tested the new
Emergency Operations Plan, which had been updated and aligned with the National Response
Framework to include Emergency Support Functional Annexes.
Recognizing the value of protecting its own facilities from climate hazards, the Boulder County’s
Emergency Operations Center (EOC) was relocated in 2009 from a location within the
floodplain to a location on higher ground near the county airport. Other enhancements to the
EOC have occurred as a result of the move. The county is progressive in its EOC operations and
response practices. OEM has four full-time staff dedicated to improving operations plans,
continuity of operations/government plans, hazardous materials preparedness planning, and
leadership of the multi-agency coordination (MAC) group. OEM has also led the training of
Citizens Emergency Response Teams (CERTs) to improve citizen all-hazard preparedness and
expand the county’s network of trained disaster response volunteers. It is likely the current OEM
capability will need to expand over time as hazards, exacerbated by climate change, become
more frequent and more intense.
Guiding documents
Boulder County Multi-Hazard Mitigation Plan (Boulder County, 2008)
Emergency Operations Plan (Boulder County, 2009a)
County land use department
Another aspect of HM is avoiding development of hazard-prone areas. This is largely the
purview of the Land Use Department that, in consultation with other departments such as
Transportation, identifies inappropriate use of flood-prone areas by implementing the county’s
Land Use Code. The county’s Land Use Code is intended to protect and promote the health,
safety, and general welfare of the present and future inhabitants of Boulder County and to guide
future growth, development, and distribution of land uses within Boulder County. The code
defines zoning districts where uses and their intensities are defined. In addition, it establishes the
process for subdivisions, site plan reviews, development standards, and other land use
procedures. Among the regulations are several intended to directly mitigate natural hazards
impacts to future development or re-development.
The county’s Land Use Department, in partnership with the Sheriff’s Office and the Boulder
County Parks and Open Space (BCPOS), is responsible for wildfire mitigation planning. The
Boulder County government has a long list of accomplishments in community wildfire
protection. Wildfire mitigation, awareness, planning, and response efforts, in tandem with forest
health initiatives, are considered important aspects of climate change adaptation. A county-wide
Boulder CWPP was in development during the drafting of this plan. The draft county CWPP
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includes a list of significant wildfire mitigation accomplishments since 1993; some of the notable
ones include:


Requiring that a wildfire mitigation plan be approved before issuing a building permit in
the mountains since 1993



Creating its Wildfire Mitigation Coordinator position in 1994



Beginning its prescribed burning program on BCPOS property in 1997



Launching its Forest Health Initiative in 2007



Completing multiple fuels treatment projects



Creating the Forest Health Task Force and Forest Education and Outreach Coordinator
position in 2008.

In addition to the continued implementation of fuels treatment projects and other initiatives
outlined in CWPPs, an increasingly important adaptive management strategy will be reducing
the likelihood of wildfire ignitions. An important existing policy intended to reduce the
possibility of wildfire ignitions is the authority of the Board of County Commissioners to ban
open fires when fire danger is high. In addition to the process to ban open fires, Ordinance
No. 2009-1 initiates a process to identify “red flag” fire days; requires notification to Boulder
Sheriff’s Communications before initiating ditch, field, trash, or slash fire; bans these types of
burns on red flag days; and outlines penalties for violation of the ordinance (Boulder County,
2009b). The City of Boulder’s Fire Prevention Code [Boulder Revised Code – Title 10-8-2(b.12)
adopted 2006] also has provisions for burn bans within the city limits or anywhere on city
property outside of the city limits (City of Boulder, 2006).
Guiding documents
County Comprehensive Plan (Boulder County, 2011a)
County Community Wildfire Protection Plan (Boulder County, 2011b)
County Land Use Code (Boulder County, 2011c)
Fire Management Plan
Boulder County Transportation Department
Boulder County’s Transportation Department works to ensure safe and efficient public
transportation, both within Boulder County and along regional transportation corridors. Formerly
the Public Works Department, the Transportation Department has three main divisions:
Engineering, Planning, and Road Maintenance. The department is responsible for
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implementation of the county’s floodplain management program, which is administered by the
Planning Division. The Planning Division coordinates closely with the Land Use Department on
floodplain determinations and permitting. The department regulates the Floodplain Overlay
Zoning District within unincorporated areas of the county, which is a zone representing the
100-year floodplain. All development and proposed improvements are required to conform to
Article 4-400 Floodplain Overlay District of the Boulder County Land Use Code. The
department is also responsible for the repair and maintenance of bridges.
Guiding documents
County Land Use Code (Boulder County, 2011c)
Boulder County Comprehensive Plan (Boulder County, 2011a)
Storm Drainage Criteria Manual (Boulder County, 1984)
Transportation Master Plan (2011 draft in development)
City of Boulder Utilities Division
The City of Boulder’s Utilities Division of the Department of Public Works is responsible for
stormwater and flood management and works to reduce flood hazards, adopt floodplain policies,
map floodplains, develop master plans for floodplains, regulate floodplain activities, prepare for
flood events, educate the public on floods and floodplains, and mitigate flood potential. The
Utilities Division also mitigates the potential loss from floods through the development of flood
channels and the installation and maintenance of storm sewers.
The city’s local guiding principles for flood management are comprehensive and include:


Preserve floodplains where possible to recognize the beneficial functions of floodplains
for hazard reduction, water quality enhancement, wetland protection, wildlife habitat,
riparian corridors, recreation, alternative modes of travel, environmental relief, aesthetics,
and greenway areas.



Be prepared for floods by developing advanced floodplain mapping, detailed risk
assessments, enhanced early warning systems, multiple emergency notification measures,
understandable response plans, workable recovery plans, and ongoing storm monitoring.



Help people protect themselves from flood hazards through public interaction and
involvement, available flood information, community outreach and education, self-help
measures, flood-proofing options, affordable flood insurance, and emergency
preparedness.
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Prevent adverse impacts and unwise uses in the floodplain through appropriate
regulation and land use, open land preservation and acquisition, multi-objective planning,
relocation or elimination of high-hazard structures, prohibiting unacceptable
encroachments, and establishing ongoing maintenance practices that preserve and
enhance environmental functions.



Seek to accommodate floods, not control them through planned and monitored system
maintenance, non-structural flood proofing, opening non-containment corridors,
overbank land shaping to train flood waters, and limited structural (channelization)
measures at constrained locations or where no alternatives are available.

The previous list comes from the city’s Comprehensive Flood and Stormwater Utility Master
Plan (CFS), which contains the guiding principles for flood and stormwater management.
Although climate change adaptation is not explicitly stated as an objective of the plan, the
guiding principles could be evaluated for inclusion of climate change considerations in future
updates.
Guiding documents
Comprehensive Flood and Stormwater Utility Master Plan (City of Boulder, 2004)
City of Boulder Multi-Hazard Mitigation Plan (City of Boulder, 2008)
Boulder County Multi-Hazard Mitigation Plan (Boulder County, 2008)
Individual basin master plans
4.1.3

Anticipated impacts of climate change on floodplain and stormwater management

Climate change could lead to stresses on the county and city’s flood and stormwater control
infrastructure. Staffing could be strained as well. Much of the county Transportation and Boulder
Utilities Floodplain Management staff spend their time preparing for the flood season, which
typically begins April 1. Historically, most damaging flood events in the county have occurred in
the May through September timeframe. Construction projects in floodplains, such as bridge or
culvert replacements, typically need to be completed before flood season. The timing of the flood
season might be affected by climate change (e.g., earlier peak snowmelt will increase flood risks
earlier in the year), which could have a ripple effect on the timing of future planning and on
engineering and construction projects and potentially shorten the available window for
construction projects. The duration of on-call staffing needs during flood and fire seasons might
also expand.
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Floodplain management and uncertainty
A significant concern affecting multiple county and city departments is the potential for climate
change to affect flood frequency and magnitude. The 100-year flood of today might become a
more frequent event in the future (i.e., a 50-year event), meaning that current design levels and
regulatory practices might be less adequate in the future. There is no comprehensive assessment
of how climate change might affect flooding in the county, but research summarized in Chapter 2
indicates a trend toward less frequent but more intense rain events. In order to consider potential
revisions to rainfall-runoff models and corresponding drainage criteria design, the county and
city, in coordination with the Urban Drainage and Flood Control District (UDFCD), might want
to consider studying the issue in more depth and assessing whether floodplain management
practices might need to change in the future.
Certain areas of the City of Boulder’s and the Boulder County’s floodplain management
practices already address uncertainty or extreme events. The City of Boulder and Boulder
County both have proactive floodplain management programs. Both entities are members of the
National Flood Insurance Program’s (NFIP’s) Community Rating System (CRS), which provides
discounts on flood insurance premiums to residents within communities that go above and
beyond minimum floodplain management practices. The floodplain management programs are
important in reducing, or at least not increasing, the vulnerability of new development or redevelopment in the regulated floodplains. The regulatory floodplain is the 100-year or 1% annual
chance floodplain, which is a nationwide standard, also known as the base flood. The minimum
standard is that new development is elevated to the level of that flood. Both the city and county
require new development to be elevated 2 feet above the base, or 1% annual chance, flood event.
This concept of “freeboard” provides added protection for floods that exceed the base flood. The
freeboard requirement could be considered an effective adaptation component because it allows
for protection from more extreme events that could result from climate change. This protection is
limited to new construction since 1979, when the county adopted Flood Insurance Rate Maps
(FIRMs), joined the NFIP, and began regulating floodplain development. The majority of
buildings and other infrastructure in the city and county’s floodplains are still pre-FIRM, not
elevated, and thus still very much at risk to flooding.
Critical facilities and mobile population ordinance
Although regulation to the 100-year flood is a national standard, the city has long recognized that
larger floods can occur. During a January 2002 study session, the City Council endorsed the
development of protection measures for critical facilities located in city’s floodplains. In 2004,
this guidance was incorporated into the city’s CFS. The CFS calls for the development of
500-year protection standards for critical facilities in line with federal guidance to ensure access
to, use of, and uninterrupted service for critical facilities such as fire and police stations; water
and wastewater treatment facilities; utility infrastructure for water, sewer, gas, electric, and
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communications; schools; day-care and senior-care facilities; hospitals; major roads and bridges;
and hazardous material storage.
The development of a critical facilities ordinance was identified as a mitigation action item as
part of the city’s Multi-Hazard Mitigation Plan. The plan calls for the adoption of an ordinance
that regulates new construction and improvements for critical facilities to the 500-year flood
level to protect these facilities from flood losses and damages that could render them unusable
during times of need. A draft ordinance has since been developed in 2011 (City of Boulder,
2011a). The ordinance will undergo a public and City Council review and approval process, with
a final decision anticipated in the spring of 2012.
The City of Boulder, in the process of defining critical facilities, also identified a significant risk
to mobile or transient populations in the 100- and 500-year floodplain. People in these groups
might not be aware of flood hazards in the city and might not know the appropriate protection
strategy of sheltering in place or evacuation. As a result, any mobile population facility,
including hotels, motels, dormitories, bed and breakfasts, hostels, and assembly group uses (as
defined in the city’s adopted version of the International Building Code), shall develop an EM
plan for any new construction, development requiring a floodplain development permit, addition
of floor area, or substantial improvement requiring a building permit. All mobile population
facilities must develop an EM plan during a 10-year implementation window. This requirement
ensures that necessary flood education and protection information is available to mobile
populations during times of flooding.
The previous examples are ways that regulation can be used to mitigate flood hazard impacts by
promoting adaptation to events that exceed the 100-year flood standard. The following is a
discussion on opportunities to integrate climate change considerations into department policies,
plans, and practices.

4.2 Integrating Adaptation into EM
Boulder OEM already recognizes climate change as a significant threat, since its mission focuses
on managing the consequences of hazards, many of which are driven by climate. Other
departments are just beginning to think about the impacts of climate change on their practice
areas and are considering adaptation opportunities. Effective climate change adaptation will be
best addressed through existing plans, policies, and procedures and not as a standalone problem.
Opportunities for integrating climate change adaptation into the plans, policies, and procedures
of Boulder OEM, the City of Boulder Utilities Division, and the Boulder Land Use and
Transportation departments have become apparent as a result of this plan’s development. As a
result of this planning process, four areas have stood out in particular. The first opportunity is
integrating climate change considerations into hazards planning. The second opportunity is
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implementing the mitigation actions identified in the multi-hazard plans, CWPPs, and basin
master plans. The third opportunity is broadening hazard management capabilities, notably for
wildfire. Finally, continued collaboration across departments will become even more important
as climate change impacts manifest themselves.
4.2.1

Planning

The following specific plans and policies, which drive departmental decisions, have
opportunities for integrating adaptation. Many of these plans are updated every three to five
years, so there are opportunities to incorporate climate change adaptation considerations in the
near future.
Mitigation planning
Both the city and county have separate multi-hazard mitigation plans,1 which identify potential
hazards, vulnerabilities, and specific goals and actions intended to reduce the impacts of those
hazards. By their nature these plans are developed for the purpose of adapting to nature’s
extremes. They recommend actions that can be implemented in a pre-disaster environment in
order to lessen the impact of extreme events. Often there is not funding to accomplish all the
desired projects, and in some cases, mitigation might not happen until damage results and postdisaster funding becomes available. Thus, it will be important to further identify “recoverymitigation” opportunities and have them outlined for implementation post-disaster. These plans
are on a five-year update cycle, with the next updates due in 2013. During the next update,
hazards such as extreme heat should be revisited with a climate change perspective and action
recommendations related to this hazard should be revisited and possibly reprioritized. Climate
change concerns could be included as additional criteria in determining project prioritization. For
example, plausible scenarios of climate change appropriate to planning horizons could be
included. The city and county evaluated the possibility of combining the two plans in the next
update cycle but decided against this due to the volume of information in each plan and the
desire to keep jurisdictional specific details within each plan. However, there are benefits from
coordinated planning meetings and public outreach activities that could be realized during the
next update cycle.

1. The University of Colorado also has a multi-hazard mitigation plan, but it is on a different update cycle
because it is linked with the State Mitigation Plan. Consequently, we do not explore this plan in great depth
here.
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Community Wildfire Protection Plans
The implication of the current science pointing toward hotter and drier conditions in the future
raises the importance of CWPPs. CWPPs are key in climate change adaptation, even if the topic
is not explicitly discussed within them. Defensible space and fuels treatments projects are typical
recommendations in these plans, and these projects become even more important with climate
change implications. There have been 13 local CWPPs completed between 2005 and 2011.
These plans contain a wealth of important information for the communities that they cover
(typically fire protection districts) and have resulted in an enormous amount of mitigation work
by the districts, communities, partners, and individuals involved. During 2011, a county-wide
CWPP was developed, which is now required of all counties by state statute. The plan serves as
an umbrella document for the local-level CWPPs. The plan has the following goals: save lives,
protect property, reduce risk, enhance the environment, and promote community. Further
implementation of the recommendations of these plans will help simultaneously meet the goals
of the plans and build adaptive capacity to climate change.
Recovery planning
Recovery planning often takes a back seat to response and mitigation planning, partly because
there are no federal mandates that require recovery plans. The 2010 Fourmile Canyon fire
identified a need for recovery planning in the county. As a result, the county is moving forward
on a plan that will be based on experiences from that incident, as opposed to assumptions, with
OEM taking the lead on the effort. Since climate change is likely to result in more frequent and
more severe hazard events, recovery planning will also likely grow in importance. The current
planning effort is looking at a 7- to 10-year planning horizon.
Other plans
Other plans that are in process that will enhance the county’s post-disaster capabilities include
debris management and damage assessment plans. As noted in Chapter 3, there is a need for
continued development of response and recovery plans for the City of Boulder and other water
utilities to ensure there is a plan for getting clean water to customers as soon as possible in the
event a disaster causes a disruption.
The city’s CFS, which contains the guiding principles for flood and stormwater management,
would be an appropriate document in which to integrate climate change considerations in future
updates. This plan states that floodplain regulations should periodically be reviewed and updated
to reflect changing community needs and ensure that the flood management objectives of
reducing or eliminating safety risks, property losses, and environmental damage are achieved.
The periodic evaluation of flood management objectives in this plan could include climate
change considerations. The intent is to try and update this plan on a five-year cycle. The
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equivalent document on the county side is the county’s Storm Drainage Criteria Manual, which
has not been updated since 1984.
4.2.2

Mitigation project implementation

Hazard mitigation is a major component of climate change adaptation. Hazard mitigation
projects can include actions that vary from wildfire fuels treatments and stormwater
infrastructure improvements to floodplain property acquisition and public information
campaigns. There should be a renewed sense of urgency in implementing these projects to offset
the potential impacts of climate change. Often the limiting factor hindering implementation is
funding. Costs of implementation can vary from relatively low (can be accomplished with
existing staff resources) to multi-million dollar infrastructure improvements. Funding
opportunities [grants, utility fees, pre- and post-disaster Federal Emergency Management
Agency (FEMA) grants] should be continually monitored and applied where applicable and lowcost options should be regularly pursued.
4.2.3

HM capabilities enhancement

Climate change could stretch thin staff resources that are available for HM and response. The
primary area where staff resources might initially be needed to help adapt to climate change is
wildfire management. According to the draft county CWPP, the county has many staff who are
able to devote a portion of their time to wildfire issues (some of which are seasonal or short‐term
employees) but lacks full‐time, permanent employees dedicated to wildfire mitigation, with the
exception of the area of forest health. In order to implement the recommendations contained in
the CWPP and reduce the negative impacts of future catastrophic fires, the county might need to
add additional staff positions, such as a full-time CWPP coordinator. OEM staffing might also
need to be supplemented.
4.2.4

Collaboration and coordination

Collaboration among several county departments on emergency, floodplain, and wildfire
management issues is already central in every aspect of meeting multiple department objectives.
Increased collaboration across county departments might be needed as cross-cutting issues and
concerns arise as a result of climate change. Climate preparedness is already recognized as an
important issue by the county commissioners, so this should help reinforce the need for
continued collaboration on this topic in the future. Because hazards cross jurisdictional
boundaries, planning efforts should foster multi-jurisdictional cooperation in the mitigation,
response, and recovery from risks associated with hazards. This is already reflected in the
county’s multi-jurisdictional Multi-Hazard Mitigation Plan, the CWPP, which is a policy
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endorsed within the county Comprehensive Plan (Natural Hazard Policy 1.06) and
institutionalized through regular monthly meetings of the MAC group. The MAC group is made
up of representatives from numerous City of Boulder and Boulder County departments, nonprofit
organizations active in disaster, and the private sector. These professionals and subject matter
experts become the foundation of the EOC during incidents. Multi-agency collaboration among
local, state, and federal government officials might also become increasingly important in the
face of climate change. An example is coordinated resource protection efforts in watersheds
prone to wildfires to limit impacts to people, property, and watershed health.

4.3 Policy Recommendations
The following policy or programmatic recommendations are suggested with the intent to either
improve or continue practices that will enhance adaptation to a changing climate.
Recommendations are based on a combination of interviews and planning meetings with county
and city staff that occurred during this plan’s development. These ideas for recommendations
have been expanded upon by the consultant team so that the county and city might consider
implementing them in the future.
4.3.1

Continue to reduce vulnerability to hazards through implementation of following
mitigation recommendations within mitigation plans and master plans

The priority hazard reduction actions or projects identified in the following plans should
continue to be implemented as resources allow, both in pre- and post-disaster situations, and
include:








Boulder County Multi-Hazard Mitigation Plan (Boulder County, 2008)
City of Boulder Multi-Hazard Mitigation Plan (City of Boulder, 2008)
County Community Wildfire Protection Plan (Boulder County, 2011b)
Community wildfire protection plans (various, including City of Boulder)
Basin master plans and Phase A studies (various)
Greenways Master Plan (City of Boulder, 2011b)
Capital improvement plans.

High-priority projects related to flood and wildfire mitigation should be implemented, but others
that address hazards such as extreme heat or meet multiple objectives should receive additional
consideration. As an example, the City of Boulder’s Multi-Hazard Mitigation Plan has a strong
linkage to the city’s urban forestry program and contains tree planting and maintenance projects
that could help reduce the urban heat island effect and decrease runoff in storm events. These
types of projects help adapt for potential climate change stressors such as increases in the
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number and severity of extremely hot days or increases in precipitation during future extreme
rainstorms.
4.3.2

Incorporate climate change considerations in next update to multi-hazard
mitigation plans for City of Boulder and Boulder County

The next update to these plans will begin in 2012. An opportunity exists to incorporate climate
change considerations into both plans, particularly in the hazard profiles for wildfire, extreme
temperatures, and other weather-influenced hazards. It is recommended that the severity rating of
these hazards be re-evaluated in light of climate change. Boulder OEM has suggested using a
consequence-based approach, which would evaluate what impacts (social, buildings,
infrastructure, etc.) might be exacerbated by climate change, as opposed to a predictive one.
4.3.3

Incorporate “recovery mitigation” considerations in next update to Boulder
County’s Multi-Hazard Mitigation Plan

Further enhance the action recommendations in the county’s Multi-Hazard Mitigation Plan to
identify those projects most likely to be implemented in the wake of a major flood, when postdisaster hazard mitigation grant funding might become available for things such as floodplain
property buyouts.
4.3.4

Continue recovery planning effort underway

Many lessons were learned in the wake of the Fourmile Canyon fire, and one of those lessons
was that further post-disaster recovery planning was needed. It is recommended that the county
continue the recovery planning effort born from that disaster. The creation of post-disaster
recovery plans will help the county be more resilient when faced with unpredictable extreme
events. The recovery plan should be coordinated with the City of Boulder and Boulder County
hazard mitigation plans and recommend that those plans be revisited following a disaster. These
plans identify projects that may be more feasible to implement during a post-disaster phase that
will further the county’s resiliency (see previous recommendation).
4.3.5

Continue to enhance flood detection network

Boulder County has an extensive stream flow and rainfall network and was the first area in
Colorado to have the Alert System for flood detection. Some tributaries still need gauges. A realtime camera placed at Fourmile Canyon Creek has helped emergency managers monitor flood
and debris flow conditions remotely. More back-lit cameras in other areas would help.
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Continue Boulder’s EM efforts for process improvement and self-assessment

Strong EM capabilities are vital to public safety and health, quality of life, and the economic
stability of Boulder County under the current climate. Climate change will likely emphasize the
need for a strong EM program, and Boulder OEM has already begun process improvements
using six sigma principles (a model and methodology for total quality management) and a selfassessment through the MAC group. The office has looked at other accreditation programs
including the Emergency Management Accreditation Program (EMAP) but has found it to be too
cost prohibitive and resource intensive to go through the process. By seeking continued selfassessment and process improvement, Boulder’s EM program would continue to demonstrate its
commitment to excellence and accountability.
4.3.7

Hire full-time CWPP coordinator

Having dedicated staff to oversee and coordinate the implementation of recommended projects in
the county and local CWPPs will help reduce the potential impacts of future devastating fires.
4.3.8

Adopt and implement critical facilities and mobile populations ordinance

It is recommended that this ordinance be adopted to protect critical facilities to the 500-year
level, reduce the impacts to hazardous materials facilities, and require preparedness plans for
mobile population facilities.
4.3.9

Continue to enhance City of Boulder and Boulder County floodplain management
programs through participation in NFIP’s CRS

Participation in the CRS recognizes those communities that go above and beyond
implementation of the minimum NFIP standards. CRS reviews floodplain management programs
every three years to determine the appropriate CRS class. The CRS classes for local communities
are based on 18 creditable activities, organized under four categories: public information,
mapping and regulations, flood damage reduction, and flood preparedness. CRS ratings include
10 classes, with Class 1 being the highest. For CRS participating communities, flood insurance
premium rates are discounted in increments of 5% [i.e., a Class 1 community would receive a
45% premium discount, while a Class 9 community would receive a 5% discount (a Class 10 is
not participating in the CRS and receives no discount)]. The City of Boulder and Boulder County
are both currently a CRS class 7, which provides residents in the floodplain a 15% discount on
flood insurance. Improving the rating through other activities would provide greater insurance
discounts and more of an incentive for residents to purchase flood insurance. Both entities should
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explore additional CRS credits that might be available through accounting for climate change
impacts.
4.3.10 Evaluate possibility of including higher regulatory standards for critical facilities
protection in Boulder County’s floodplain management ordinance
The current county floodplain ordinance does not have any specific language related to
protection of critical facilities. Although few development permits are requested for critical
facilities, the county might want to look at the City of Boulder’s proposed critical facilities
ordinance that specifies 500-year protection for new or substantially improved critical facilities.
4.3.11 Continue to prepare studies that will facilitate rapid recovery from floods
and wildfires
Boulder County’s Transportation Department has done studies that will help facilitate postdisaster recovery and mitigation. Recognizing that a number of privately owned bridges might
need to be replaced to accommodate post-burn debris and flood flows from the Fourmile Canyon
fire, the department conducted an engineering study so that citizens could be given bridge
replacement specifications and not have the burden of conducting their own engineering study.
The department has also created a list of major and minor bridges targeted for replacement as
well as a flood emergency access map to identify those bridges that would be inundated by a
100-year event. The pre-identification of presently inadequate infrastructure helps target areas
for mitigation. This mitigation can occur pre-disaster and enhance resiliency, as funding and
priorities dictate. If the infrastructure is damaged and needs replacement, then mitigation can be
incorporated as an aspect of the recovery so that future floods are less damaging. Preparing
further studies such as these in advance of an event fosters both mitigation and recovery, in turn,
building climate change adaptive capacity.

4.4 Recommendations for Future Study
The following recommendations for future study are primarily based on interviews with county
and city staff that occurred during the development of this plan. These ideas for
recommendations have been expanded upon by the consultant team so that the county and city
might consider implementing them in the future. Results of these studies could inform future
updates to this plan.
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Further research and modeling on economic impacts from disasters

Boulder OEM would like to identify the types of disasters that could potentially cripple the city
and county from an economic standpoint. For example, what would the revenue implications be
from a 500-year flood in the city? HAZUS-MH is a nationally recognized flood loss estimation
tool developed by FEMA that could be applied in this research. HAZUS-MH has the ability to
estimate losses from business disruption, capital and wage losses, and debris generation, in
addition to physical damages to buildings and their contents. A HAZUS-MH-based loss
estimation should be utilized to support long-term recovery, as well as mitigation planning
efforts. A level 2 study should be used. Level 2 would enhance and replace HAZUS-MH default
inventory databases with locally developed geographic information system (GIS) data.
4.4.2

Continued research, monitoring, and information gathering on climate
change impacts

Continued monitoring and research is needed to better inform this plan in the future. Local
monitoring programs can help enhance the understanding of how weather and climate relate to
global extremes. It is recommended that the county leverage the resources of nearby research and
government institutions including the University of Colorado, the National Center for
Atmospheric Research (NCAR), the University Corporation for Atmospheric Research (UCAR),
the National Oceanic and Atmospheric Administration (NOAA), and local water resources,
climate change, and HM consulting expertise. Of particular interest to the City of Boulder would
be the impact of climate change on El Niño/La Niña patterns, as these climate phenomena
currently have a significant influence on precipitation patterns in the county.
4.4.3

Continue to update floodplain maps and flood studies

Several areas of the county have recently been re-studied and re-mapped, including South
Boulder Creek, Lower Boulder Creek, Fourmile Canyon Creek, and Wonderland Creek in the
City of Boulder. Many of the flood hazard maps and studies elsewhere in Boulder County are 20
to 30 years old. These maps need to be updated using modern modeling techniques and highresolution terrain data that might reflect geomorphic changes to the streams. A new state
floodplain rule that will become effective in January 2013 will require communities to use a
6-inch-rise floodway standard, which is more restrictive than the current 1-foot rise that Boulder
County regulates to. This will result in an expanded floodway that will need to be phased in with
new studies. As recommended in the city’s CFS, flood studies should ideally be updated every
10 years.
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Evaluation of design rainfall in context of climate change

Flood studies nationwide are typically prepared using hydrology based on historical rainfall and
land use conditions. The city bases all flood studies on future land use conditions (full build out
conditions), as much of the city is already developed, but design rainfall amounts are based on
UDFCD’s rainfall criteria. Climate change will affect the frequency and intensity of extreme
precipitation events, with analyses to date suggesting that it is more likely than not that the
frequency and intensity of extreme precipitation will increase. Although there are few studies
that attempt to quantify those changes, it is virtually certain that the uncertainty in estimates of
extreme events will reflect the very large uncertainty in estimates of annual and seasonal
precipitation in this region. Thus, quantification of the characteristics of extreme precipitation
alone will not be a sufficient basis for development of design guidance. Further analysis is
required to estimate the degree of conservatism in design standards that minimizes regrets. That
is, are the present costs associated with a design standard that proves to be overly conservative
less than the present value of future costs due to failure of a design standard that proves to be
insufficiently conservative? A somewhat more sophisticated analysis would take into account the
evolution of climate and provide for a similar evolution of design standards. Any study should
recognize the need for ongoing re-assessment of design standards as our state of knowledge
about climate change improves. A study of this type should be coordinated with the UDFCD,
and could be designed to be useful throughout the district.
4.4.5

Evaluate impacts of climate change on transportation infrastructure

The impact of climate change on the transportation sector is recognized by the county as an area
for future study. Climate change has the potential to alter freeze-thaw cycles and shrink-swell
soils cycles, which could lead to more rapid degradation of road and bridge infrastructure.
Regular monitoring of infrastructure and tracking over time might reveal trends, such as more
frequent replacement of concrete, which is more susceptible to freeze-thaw cycles. Road
maintenance practices such as snow plowing, application of salt/sand, and culvert cleaning might
need to be altered. Certain transportation corridors within the county are presently impacted by
periodic rockfalls, landslides, and expansive soils. Another area of potential study would be how
the potential for these hazards could increase or decrease as a result of climate change.
4.4.6

Inventory, analyze, and quantify urban forest benefits in City of Boulder

Urban forests provide numerous services related to mitigating climate-related hazards, including
reduction of stormwater runoff and the urban heat island effect, among other benefits related to
public health and the absorption of greenhouse gas (GHG) emissions. Trees clean the air, both
directly from the absorption of pollutants and by regulating ambient temperatures which
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minimize ozone formation, and cool buildings reduce air conditioning and thus emissions at the
power plant. Urban areas across the country have utilized new science and technology to
inventory, analyze, and quantify some of these services using CITYgreen and i-Tree software, to
name a few. i-Tree Eco, Streets, and Species are three models to improve understanding,
management, and planning by identifying existing structure, function, and value, including
selecting tree species and design that maximize specific types of benefits. Armed with this
information, policy- and decision-makers can better incorporate urban forest planning
proportional to other climate adaptation strategies, and engage multiscale green infrastructure
design through involvement with urban and environmental planners, landscape architects, GIS
staff, and forestry/natural resource managers.
4.4.7

Further study of El Niño and La Niña cycles and their implications on
Boulder County

El Niño and La Niña cycles currently affect the variability of climate on a year-to-year basis
within the county. A better understanding of how climate change may affect these cycles is
needed, and what the resulting implications would be in Boulder County. More research from the
research institutions based in Boulder would be welcomed. Other areas of study may include the
influence of climate change on damaging Chinook winds.
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5.

Public Health

This chapter examines the potential impacts of climate change on the health of the people living
in the City of Boulder and Boulder County. Climate change has the potential to affect a wide
range of public health stressors in Boulder County. These changes will directly and indirectly
affect the ability of the Boulder County Public Health (BCPH) to achieve its mission of
protecting, promoting, and enhancing the health and wellbeing of all people and the environment
in the county (BCPH, 2011). As with other county agencies, BCPH must address the challenges
raised by a changing climate across a diverse client population of residents, and visitors, spread
over a varying terrain. These challenges will likely be compounded by the variation of health
objectives that are sensitive to climate. Further, these challenges must be addressed in an
environment where significant operational constraints are largely beyond local control (e.g., state
and federal legislative requirements, available state and federal funding).
The objective of this plan is to assist county and city departments that manage climate-sensitive
resources and assets to achieve their departmental objectives. In this chapter, we look at the
challenges posed by climate change to BCPH in the context of pursuing the department’s core
mission of protecting, promoting, and enhancing personal and environmental health in the
county. Information from existing BCPH documents was supplemented with interviews with
BCPH staff in order to ultimately develop a series of policy recommendations and suggest areas
for future research to support BCPH’s mission.
BCPH is responsible for developing and implementing plans and programs that address a wide
range of health stressors over varying time periods within its public health and environmental
divisions. Within BCPH, the public health division is responsible for providing services such as
vaccinations, communicable disease control, addiction recovery, and community and family
health. The environmental division is more focused on executing resource-oriented programs, for
example, air quality, water quality, and vector control.
BCPH has a significant support role in coordinating and executing the response to immediate
public health threats associated with hazards such as floods and wildfires. For example, BCPH
has an emergency mutual aid and assistance agreement with other Colorado public health
agencies that authorizes cooperation in disaster prevention, preparedness, response, and
recovery. Internally, the BCPH has an Emergency Response Plan that defines teams with roles
such as disaster preparedness, communicable disease control, disaster emergency response, and
infrastructure.

SC12586

Stratus Consulting

Public Health (5/3/2012)

5.1 Why Consider Climate Change?
As noted above, a wide range of public health issues are affected by climate. For example, air
quality has a seasonal trend, in that ground-level ozone is often higher in warmer months because
heat and sunlight increase ozone formation, and carbon monoxide is often higher in cold weather
because car emissions systems are not operating as effectively (U.S. EPA, 2009). This
seasonality means air quality is affected by the current climate and is thus likely to be sensitive
to future climate change. In this section, we begin by describing some of the potential impacts of
climate change on public health relevant to Boulder County. Next, we explore whether and how
climate change could affect the management objectives of BCPH and describe some of the
specific challenges the department could face in the future.
5.1.1

Impacts of climate change on public health

There are significant public health impacts from climate change stemming from a decline in air
quality, concern for the availability of adequate water supplies for domestic use and aquatic
health, a potential increase in vector-borne illnesses such as plague and rabies, and health
impacts of extreme temperature events. This section highlights the key impacts that are likely to
affect short- and long-term goals. It also attempts to identify where additional resources and
planning may be needed at the county level.
The analysis below is based on interviews with BCPH staff as well as scientific literature. It is
worth noting that, in many cases, the scientific literature we cite is not focused on BCPH per se,
but rather we draw on impact studies that address generalized issues relevant to Boulder County.
Increase in extreme temperatures: Among the clearest signals from the existing climate
change research is the projected warming in the county over time. As summarized in Chapter 2,
this is expected to result in the following temperature measures:





Increase in average daily temperatures
Increase in minimum daily temperatures
Increase in maximum daily temperatures
Increase in number of days exceeding “extreme” temperature thresholds (e.g., 100°F).

Collectively, these changes suggest that the county should anticipate an increase in future
extreme heat events. As an example of current conditions, temperature data show that, over the
past decade, Boulder averaged one day per year when the temperature reached or exceeded
100°F (NOAA Earth System Research Laboratory/Physical Sciences Division, 2000–2011).
Climate models predict that the Colorado Front Range could see 10 to 20 days over 100°F by
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20802099 (low-emissions scenario) or up to 20 to 30 days over 100°F (high-emissions
scenario) (USGCRP, 2009).
This change is particularly noteworthy because, although extreme heat clearly has the potential
to increase daily morbidity and mortality (Ebi et al., 2006; U.S. EPA, 2006), the topic has
received little attention along the Front Range due largely to a baseline with so few extreme heat
days. For example, Medina-Ramon and Schwartz (2007) excluded Boulder when developing
extreme heat mortality functions because the authors’ minimum temperature criteria were not
satisfied, that is, Boulder’s minimum temperatures were too cold. Given that average
temperatures across Boulder County are projected to increase, excluding Boulder from extreme
heat studies might not be justified in the future.
As Chapter 2 notes, the number of future extreme cold events (e.g., cold air outbreaks) might not
change. The number of days that satisfy certain fixed temperature criteria for extreme cold would
be expected to decline as a result of the generally anticipated winter warming, but in the western
United States the direction and magnitude of these changes is less certain. If the number of
extreme cold days declines, a corresponding reduction in mortality attributed to cold could be
calculated using available epidemiological information (Medina-Ramon and Schwartz, 2007).
However, preliminary work currently being conducted for the U.S. Environmental Protection
Agency (EPA) suggests that the benefit to mortality of reduced extreme cold days will be
negated by anticipated mortality increases from increases in the number, duration, and severity
of future extreme heat days.
Degraded air quality: Several aspects of climate change have the potential to degrade air
quality and thus negatively impact human health. Potential health outcomes from degraded air
quality include increased incidences of asthma and other respiratory ailments, respiratory
allergies, and degraded lung function (EHP and NIEH, 2010), which lead to more asthma-related
emergency room visits, school absence days, and chronic bronchitis (U.S. EPA, 2011).
Climate change could contribute to degraded air quality via the following pathways:


Hotter, drier summers: Hotter summer days are expected to increase the demand for
electricity to support cooling (i.e., air conditioning). The increased electrical generation
required to meet this demand will, all else being equal, increase power plant emissions of
nitrogen oxide and particulate matter. Not only are these bad for human health in their
primary form, but the increased emissions of nitrogen oxide can react with volatile
organic compounds (VOCs) and sunlight to produce ground-level ozone, resulting in
increased ozone formation and higher concentrations. At the same time, the seasonal
increases in temperatures could contribute to a longer ozone season. The exact impacts of
climate change on air quality as a result of increased summertime power demand are
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uncertain and will be sensitive to how the increased demand is met, in terms of the
location and type of generating sources used.


Wildfires: Climate change is expected to result in more wildfires in the Front Range
region, including Boulder County. Smoke, particulate matter, and airborne toxics released
during wildfires degrade air quality and have the potential to create dangerous conditions,
especially for those with respiratory illnesses such as asthma or chronic bronchitis. Other
consequences, like loss of life and property and displaced populations, are discussed in
the emergency management (EM) section (Chapter 4).



Pollen: Research suggests that climate change has affected the timing of the spring
pollen season, which is contributing to the increased abundance of some airborne pollens,
and is likely to affect the distribution of some important sources of airborne allergens
(e.g., ragweed; Ebi et al., 2008). This change in timing, location, and duration of the
allergy season has the potential to increase incidences of allergic rhinitis and atopic
dermatitis, and exacerbate asthma (Reid and Gamble, 2009).

In an attempt to quantify how changes in ambient ozone and particulate matter concentrations
impact both mortality incidence and a range of non-fatal acute and chronic health conditions,
EPA has used epidemiological studies to produce concentration-response functions for a number
of common air pollutants (U.S. EPA, 2011). For example, it developed functions for ozone,
carbon monoxide, and particulate matter, and related the change in pollutant concentration to
observed changes in hospital admissions for asthma, lung disease, general respiratory ailments,
pneumonia, and other acute respiratory illnesses (U.S. EPA, 1999). In the past these studies were
used to analyze the cost/benefit of air-quality regulations, but they would also be useful tools for
public health officials wishing to prioritize air pollutants in their region based on anticipated
health impacts.
Increased stress on water quantity/quality/drought: The main public health impact of climate
on the quantity/quality of water is expected to be an increase in the effort required to provide
reliable access to potable water and/or the risk of increased contaminant levels in future supplied
drinking water. Specific county-based climate-driven challenges in this regard include:


Increased nonpoint source pollutant loadings from stormwater flows: Increases in the
amount of precipitation realized in extreme events would be expected to increase
loadings of a range of pollutants (e.g., oil, grease, sediment, nutrients) to waterways
receiving stormwater flows. These loadings could be further increased if climate change
increases the duration between precipitation events, both “average” and “extreme,” as the
pollutant load would build in the receiving drainage basin. As climate change increases
the potential for future wildfires, the resulting loading of large debris, sediment, and other
contaminants from burned areas to waterways would increase.

Page 5-4
SC12586

Stratus Consulting

Public Health (5/3/2012)



Increased septic contamination: More severe flood events could also pose a public
health risk by increasing the probability that septic systems become exposed and have
their contents leak into floodwaters, due to an expanded reach of floodwaters and an
increase of flows experienced in other areas (i.e., the future 100-year flood might cover
more area and be more powerful compared to today). In addition, any climate-driven
increase in the extent of future flooding increases the potential that systems which are not
intended to be located in floodplains (e.g., mounded systems) could come in contact with
and release contaminants into floodwaters.



Increased water quality treatment challenges: Exceptional precipitation events increase
the potential for higher contaminant loading going into future water treatment systems.
Simultaneously, if climate change reduces average water flows or volumes in source
waters for drinking water, contaminant concentrations could increase with no change in
the initial loading. This could present challenges for the county water treatment systems
if concentration-based treatment thresholds are approached or exceeded.



Drought: It is unclear how climate change might affect the total volume of precipitation
the county receives. There is no general model agreement for impacts on the timing and
nature (i.e., snow-rain mix) of precipitation and its associated impacts on factors like
groundwater flows and losses to evaporation, among others. This lack of agreement,
combined with the nature of precipitation distribution across the county (i.e., snow in
some areas, rain in others, or precipitation in some areas and not in others), makes it
difficult to draw specific conclusions regarding the change in the risk of drought.
However, given the link of increased temperature with increased drought potential, the
risk of drought conditions developing in at least parts of the county should be assumed to
increase in the future as a result of climate change (e.g., the eastern and lower-elevation
portions of the county).

Increased pollution and treatment challenges have the potential to increase the work load of
water treatment plants (increased contaminant load/decreased supply). Laboratory services may
require more staff support than current levels to meet increased demand. The climate projection
(Chapter 2) and water supply (Chapter 3) chapters provide some information that can be used to
assess the potential for the emergence of these challenges as a result of climate change. In
general, these chapters conclude that it is likely that the county will see an increase in the
precipitation associated with extreme events. As flood waters carry a higher pollutant loading
from sediment and overland contamination sources, climate change should be assumed to
increase the future challenge of providing potable drinking water at current quality levels.
Changes in vector-borne illness: Climate change, with its associated impacts on vegetation and
average/extreme conditions and events, is likely to affect the habitat suitability for different
disease vectors and reservoirs (e.g., mice, birds, mosquitoes, deer, bats; Ebi et al., 2008). This
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could result in the introduction of new vector-borne illnesses in the county or increased incidence
of already present vector-borne illnesses as a result of changes in animal behavior. Examples of
changes in vector-borne illnesses that might be attributable to climate change impacts include
(identified by staff):


Potential increase in rabies: Increases are possible if reservoir species spend less time
hibernating and therefore more time interacting with other species. Temperature and
seasonal changes could result in the migration of rabies into the county that were not here
in the past. For example, terrestrial rabies (carried and transmitted by skunks in
Colorado) has not been detected in Boulder County, but potentially could if the carrier
species migrates due to climate change.



Potential increases in plague and tularemia: Increases are expected if winters become
warmer and rainier on average.



Change in mosquito-borne illnesses: Milder weather in the current “cold” seasons and
warmer weather in the summer could make the county a more suitable habitat for new
mosquito species, increasing the potential for additional cases of some mosquito-borne
diseases that are already established in the county [e.g., West Nile virus (WNV) and
Western equine encephalitis]. At the same time, increases in the precipitation associated
with extreme events could increase the habitat suitable for supporting mosquitoes
(e.g., sp. Aedes) that have a lifecycle linked with flooding. [Note: Aedes-linked diseases,
e.g., dengue, are not currently established in Colorado, although a case of dengue was
reported in Las Vegas, Nevada, in September 2011 (CDC, 2011)].

Drawing definitive conclusions about public health risk changes associated with vector-borne
illnesses as a result of climate change are complicated by the need to also account for any
associated changes in human behavior that would accompany the associated impacts to seasonal
and daily weather conditions. For example, increased temperatures could result in more time
spent indoors during extreme heat days, which could potentially reduce exposure to diseasecarrying vectors.
Increase in severe/catastrophic natural events: These are events that are immediately
dangerous to public health, and include extreme precipitation, flooding, tornadoes, and wildfires.
Because these events require emergency response by the city and county, their potential climatechange driven impacts are discussed in the EM chapter (Chapter 4). The direct increase in risk to
public health in the county is clear. Indirectly, these events increase the potential that the public
health system will be overwhelmed by a single, particularly extreme event, by the cumulative
burden of multiple events, or by a combination of events that have not been previously
experienced or planned for. Any of these scenarios would put stress on available staff and impact
the ability of the system to perform primary functions due to staff being reallocated to
emergency recovery efforts rather than their day-to-day job.
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Mental health impacts: The potential for climate change itself to serve as a direct stressor that
could adversely impact mental health is not currently well understood, although there are links
between catastrophic events and decreased mental health (Abramson et al., 2008). In 2010, the
Environmental Health Perspectives and the National Institute of Environmental Health Sciences
published a comprehensive report on public health and climate change, including a chapter on
mental health and associated disorders (EHP and NIEH, 2010). The report states, “Psychological
impacts of climate change, ranging from mild stress responses to chronic stress or other mental
health disorders, are generally indirect and have only recently been considered among the
collection of health impacts of climate change” (EHP and NIEH, 2010). This line of research is
still new. To support work in this area, the National Institutes of Health (NIH) awarded grants for
research of mental health and climate change in 2010. Results of this research are not yet
available.
5.1.2

Effects of climate change on public health objectives

The above section focused on some of the general impacts of climate change on public health
that could be observed in Boulder County. Although environmental sustainability is supported
throughout BCPH, specifically the Business Sustainability Team, integrating potential climate
change impacts into program planning has not been a core practice. In this section, we focus our
analysis on how and why these types of impacts would affect BCPH’s ability to protect,
promote, and enhance the health and wellbeing of Boulder County’s people and environment, as
well as meet its regulatory requirements.
BCPH’s Mission Statement (BCPH, 2011) includes strategic goals, which are reproduced in
Box 5.1. These goals define how BCPH will achieve its mission. To accomplish its mission,
BCPH engages in several planning initiatives designed to ensure that the short-, intermediate-,
and long-term needs of the community are met.
Operational plans (Op Plans): BCPH’s divisions (Family Health, Community Health,
Environmental Health, Communicable Disease, and Addiction Recovery) create annual Op Plans
that set measureable objectives for each program in the agency. Objectives may include
regulatory requirements and/or may be created to address locally specific needs.
Public Health Improvement Plan (PHIP): Every five years, BCPH must assess Boulder
County’s health status, prioritize areas for health improvement, and develop a local plan for
improving health outcomes relative to the prioritized areas of need. BCPH’s current focus areas
are healthy eating active living (HEAL), mental health, and substance abuse.
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Box 5.1. BCPH Mission Statement and strategic goals
Mission: BCPH shall protect, promote, and enhance the health and wellbeing of all people and
the environment in Boulder County.
Strategic goals:
 Ensure that Boulder County residents are empowered to make informed decisions and adopt
behaviors that protect and enhance the health of individuals, families, communities, and the
environment
 Enhance/initiate/promote services to underserved populations to secure health equity
 Initiate/strengthen partnerships and engage community members in the work of public health
 Incorporate evidence-based, state-of-the-art health practices in policies, programs, and
services
 Optimize the use of technology.

In addition, BCPH collaborates with other Boulder County departments, community-based
organizations, and municipalities on common efforts to improve the health of the public. Most
notably, BCPH was one of the driving forces behind the county’s Sustainability Task Force. This
task force was responsible for securing a dedicated sustainability funding stream, creating a Zero
Waste Plan, and developing a Sustainable Energy Plan, in which BCPH played the lead role.
This focus on agency objectives and plans provides an appropriate frame for identifying climate
change-related issues that are likely to be most significant for public health in Boulder County. One
important guiding principle in judging significance is whether a particular objective is sensitive to
climatic changes. Although many BCPH programs and objectives do not appear to be sensitive at
first glance, the degree to which climate change will affect human populations and health is still not
well understood. Nevertheless, there are several objectives where climate change is likely directly
relevant, and these are described below.
Enhance/initiate/promote services to underserved populations to secure health equity:
Underserved and vulnerable populations have a proportionally higher risk to impacts from climate
change. BCPH staff indicated they are concerned about extreme heat events impacting sensitive
populations within the county. This objective in the BCPH Mission Statement is relevant to the
climate change stressors described in Section 5.1.1, particularly extreme heat events and air-quality
impacts.
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Mental health: Mental health improvements might be challenged by increases in the frequency,
duration, and severity of extreme weather events or events strongly influenced by weather with
conditions that are life threatening or can significantly damage/disrupt the environment and existing
infrastructure (e.g., floods, wildfires).
HEAL: Goals of increasing physical activity to combat obesity in the county could be challenged by
climate-change-driven degradations in air quality or increasingly frequent conditions that restrict
outdoor activity (e.g., extremely hot days, unhealthy air quality index, high levels of airborne
pollen). The goal to increase the consumption of locally produced, healthy food could be restricted
by hotter, drier summers that negatively impact local agriculture.
Meet air contract requirements: Meeting the requirements set forth in the air contract might be a
challenge for BCPH due to the deteriorating air-quality conditions that result from climate change.
BCPH is responsible for collecting and submitting air sample data, responding to outdoor air
complaints, supporting the state’s enforcement actions, and ensuring permitted businesses are
compliant. Climate change may increase this workload and prohibit BCPH from fulfilling its
contract.
Ensure clean water: BCPH’s goal to improve water quality, prevent waterborne illnesses, and
reduce negative environmental and public health impacts to the watersheds of Boulder County may
be impacted as a result of climate change. Extreme precipitation and flooding events have the
potential to degrade ground and surface water quality via failing sewage systems, increased
turbidity, and nutrient and toxic material releases from soil.
Indoor air quality: Improving indoor air quality and responding to all related complaints may be
difficult as a result of climate change. Increased temperatures and extreme weather events have the
potential to negatively impact indoor air quality. Building envelopes may be damaged, allowing for
pest infiltration, mold formation, and an increase in off-gassing of furniture and building
components.
Environmental emergency response: Potential increases in the frequency, duration, and severity of
extreme weather events that may significantly damage/disrupt the environment (e.g., floods,
wildfires) will increase the workload of BCPH’s Environmental Emergency Response Team
(EERT). EERT is responsible for investigating all emergency response pages of contaminant
releases to the environment and ensuring appropriate remediation.
Prevent transmission of vector-borne disease: Climate change may impact BCPH’s ability to
prevent the transmission of disease from vectors to humans in Boulder County. Changes in weather
and vegetation are likely to change vector habitat, which could result in the introduction of new
vectors and increases in existing vectors.
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5.2 Opportunities to Address Climate Change
County public health officials operate in an environment where the goals and objectives at most
times are likely to be well defined by the state and federal requirements regarding clean air and
water, and are reflected locally through BCPH’s objectives and commitments. In addition to
regulatory requirements, public health programs may incorporate climate change impacts into annual
Op Plans, which focus on locally specific needs, as well as mandates. Another opportunity to address
climate change is through the PHIP, BCPH’s strategic plan. In this environment, the most effective
way to integrate climate change adaptation into public health planning will likely be to link climate
change impacts to existing programs, objectives, and mandates. In other words, incorporating
climate change objectives into individual programs should be done in a flexible manner to allow
BCPH to most effectively meet regulatory requirements, which likely will not change with future
climatic stressors.
5.2.1

Prepare for increased stress on existing programs

Existing programs might need to become more efficient to maintain their current level of success
under future climatic stressors. For example, Boulder County is part of the nine-county North Front
Range and Denver Metro area that exceeds the EPA ambient air quality standards for ozone (BCPH,
2010). Because climate change will likely increase the potential for elevated ambient ozone
concentrations, BCPH will likely need to expend more time and money in the future to avoid the
monetary and health-related costs of being out-of-compliance with ozone attainment. Existing
county programs will need to become more effective as a result of climate change just to prevent a
further elevation in ambient ozone concentrations. Alternatively, ambient ozone concentrations in
the area could increase solely as a result of climate change, which could appear to undo some of the
program’s prior benefits in the public’s eye.1
5.2.2

Link existing objectives and planning efforts to climate change

Opportunities to draw links between existing objectives and planning efforts and climate change
impacts appear to exist at multiple levels. For example, the three focus areas identified by BCPH
through its response to the 2008 Colorado Public Health Act clearly could be adversely affected by
climate change, as noted in Section 5.1.2.
From a review of relevant BCPH documents, it appears the program Op Plans, which are updated
annually, could provide a platform for integrating climate change adaptation into public health
1. This interpretation would be largely incorrect. Past improvements achieved by the program would still be
helping to avoid even higher ozone concentrations as a result of climate change.
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planning efforts. Specifically, by integrating potential climate change impacts into specific stressors
that are addressed as part of the assumptions and/or the needs statement for individual BCPH
programs, the Op Plan would be effectively moving programs to consider appropriate climate
change adaptations. For example, the Vector Control Program within the Op Plans currently assumes
that WNV will exist in the county at levels below what was seen in 2003. Climate change adaptation
could be incorporated into this program with a consideration of how suitability of habitats and
activity supporting the transmission of WNV could be affected through climate change impacts. This
adaptation would be relevant for other vector-borne illnesses as well.
The periodic review and updating of BCPH planning documents such as Op Plans or the PHIP
provide the opportunity to address climate change adaptation through impacts and challenges to
existing programs and objectives.

5.3 Policy Recommendations
Climate change-driven policy recommendations for BCPH are based largely on a consideration of
potential climate change impacts in the county, discussions with BCPH staff in telephone and inperson interviews, and discussions during climate adaptation committee meetings.
Underlying these recommendations is a general recognition that, in most cases, BCPH has an
established history of addressing the general stressors and health outcomes most likely to be affected
by climate change, with the notable exception of future extreme heat events. This means, in most
cases, that new programs are not needed, or warranted, compared to increasing the opportunities for
addressing climate change impacts through existing programs and objectives. In other words,
although programs and objectives might need to shift over time to reflect changing conditions,
BCPH likely will not have to start from scratch to address the impacts of climate change. The
recommendations presented below are intended as immediate action items that can help prepare
BCPH for climate change.
5.3.1

Develop comprehensive county recovery plan

One document BCPH staff noted as currently absent from the county’s planning scheme is a
comprehensive disaster recovery plan. This plan would provide a protocol for recovering from
future large-scale disasters such as the Fourmile Canyon wildfire in September 2010.
Development of such a plan is increasingly warranted with the consideration/recognition that
climate change might increase the likelihood of a similar disaster in the future. Although the
Boulder Office of Emergency Management (OEM) is currently leading a recovery planning
effort, the clear potential for such an event to adversely impact BCPH’s short-term and longerterm staffing resources warrants the active involvement of BCPH in the plan’s development.
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Enhance community public health partnerships to address climate change

Part of BCPH’s Mission Statement identifies initiating and strengthening partnerships to enhance
public health (see Section 5.1.2). Establishing such partnerships will be increasingly important to
reach population groups to which the BCPH does not already have effective access but that
might be at elevated risk for specific climate change impacts (e.g., elderly people with limited
mobility who lack air conditioning and would be vulnerable during an extreme heat event).
BCPH currently has partnerships with health providers throughout Boulder County, giving the
department access to general information regarding incidences of vector-borne disease and
substance abuse, to name a few outcomes that would warrant tracking for emergence of a climate
change signal. Because climate change affects the nature of specific public health stressors,
existing partnerships might need to be enhanced to ensure timely and accurate delivery of timesensitive information or requests for assistance as well as targeted public education efforts. In
particular, establishing and strengthening partnerships with groups that have specific expertise
providing services to highly vulnerable populations (e.g., the homeless) or groups that are
difficult to access through traditional media (e.g., non-English speaking groups, ethnic
communities) might become increasingly important. Examples of these groups and providers
include hospitals, emergency care centers, homeless shelters, and other government agencies.
5.3.3

Advocate for consideration of public health impacts in other climate change-related
decision-making arenas

Discussions with BCPH staff noted that much county decision-making, as with most
organizations, is performed within a more immediate time horizon and focus on annual or shortterm versus a long range consideration of goals and potential impacts. As a result, there is the
potential that, in some cases, different choices would be made if future public health
considerations could be incorporated into the decision-making process.
For example, consideration of the public health impacts in building codes could increase
consideration of whether incentives/requirements for increased tree planting or use of alternative
roofing and paving materials might be warranted. Having public health officials involved in such
decisions could incorporate discussions of how these alternatives could help mitigate urban heat
islands or decrease runoff in storm events. In turn, officials could change building codes or other
regulations to account for potential climate change stressors such as increases in the number and
severity of extremely hot days or increases in precipitation during future extreme rainstorms.
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Encourage viewing climate change in terms of specific challenges and impacts

The public health impacts of climate change in the county will largely be realized through
specific health stressors or changes in specific types of health outcomes. Promoting this view
might help clarify potential climate-change-driven health impacts on a level where existing
county health programs and objectives can reasonably be used to address climate change
adaptation. This focus might also improve the public’s understanding of what some of the
consequences of climate change might be outside of some general increase in global
temperatures, and increase their desire for and acceptance of efforts to plan and mitigate for
future changes.

5.4 Recommendations for Future Study
Many ideas and suggestions were developed during the course of our research. Interviewees and
expert reviewers suggested many more. The recommendations for future study that are presented
below focus on topics where BCPH currently does not have dedicated programs in place and
where there are potentially high consequences for significant health impacts that can be strongly
associated with climate change.
5.4.1

Extreme heat impacts and extreme heat program needs assessment

The county currently lacks a coordinated extreme heat notification and response program. This
decision is based on past experience and current typical county weather conditions; however,
climate change projections suggest extreme heat days are likely to increase in the future.
Research that integrates existing epidemiological results could be integrated with climate
projections and possible heat-mortality response functions to quantify potential future health
risks from these events at different time periods and under different scenarios. Such integration
could help with decisions about if, when, and how to move forward with developing a heat event
program. This effort could also include research to identify and adapt potentially relevant
existing heat program materials, including a review of potentially relevant best management
practices in existing programs and suggestions for critical partners to approach about developing
program elements.
As part of developing a comprehensive notification and response program, research could be
undertaken to help BCPH establish “heat threshold conditions.” These thresholds would
represent the weather conditions that, when either met or forecast, would allow BCPH to inform
the public of the risk and activate program response elements (e.g., monitor vulnerable
populations and provide transportation and access to community cooling centers). This research
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could build on other municipalities’ experience in planning and responding to extreme heat
events. For example, Canada has done some work to develop a heat warning index system and
define responses that will occur at each threshold. The Canadian response system is based on the
probability that heat-related excess mortality will occur – this approach is specific to the region
and works by identifying air masses or weather types historically associated with increases in
mortality (Clean Air Partnership, 2007).
5.4.2

Qualitative ranking of potential new health stressors attributable to climate change

Completing a qualitative ranking of the potential scope and severity of public health impacts
from the range of new climate-sensitive health stressors would help BCPH prioritize areas for
additional climate change research. Such a ranking would draw on the knowledge of BCPH staff
and potentially others, such as critical program partners, to help identify climate-sensitive
pathways where potentially significant public health impacts exist.
5.4.3

Evaluate results of research from NIH mental health grants and/or other areas of
climate change impacts to mental health study

Because mental health is one of BCPH’s three focus areas for improvement in the county, it is
recommended that the results of emerging research regarding climate change impacts to mental
health be evaluated as they are made available. These results would then be used to inform future
planning/programs within the mental health focus area.
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Agriculture and Natural Resources

Climate change is likely to affect a wide range of attributes of the agricultural and natural
resources of Boulder County. For example, climate can affect the availability of water for
irrigated agriculture, the frequency and intensity of agricultural and forest pest outbreaks, habitat
quality, the health and survival of particular species, the suitability of public lands for recreation,
the prevalence of invasive species, and the frequency and intensity of wildfires. This is because
critical physical and ecological processes associated with each of these attributes are sensitive to
climatic variables, including average, seasonal, and extreme temperatures; precipitation amount
and timing; and patterns and intensities of drought.
Both the City of Boulder and Boulder County administer a municipal land management agency.
The Boulder County Parks and Open Space (BCPOS) has preserved almost 100,000 acres of
land for city shaping, habitat conservation, agricultural use, and recreation. Of these, the county
owns outright or has some management interest in approximately 64,000 acres (Boulder County,
2011a). The City of Boulder’s Open Space and Mountain Parks (OSMP) Department owns or
manages approximately 45,000 acres of land for similar purposes. Of these, the city is
responsible for the management of some 35,000 acres (staff interview). The remainder are
privately held and protected by conservation easements that prohibit further development. Many
of these lands are owned in fee interest as government property, but many others are managed
under conservation easements that prohibit further development and sometimes restrict use of
privately owned land.
BCPOS and OSMP are responsible for managing a variety of activities on these lands, many of
which will be sensitive to climatic changes, including irrigated crop agriculture, species and
habitat conservation, human use and recreation, invasive weed management, and fuels treatment
and fire management. The land portfolio of these two agencies is largely, but not entirely, within
Boulder County and extends from the high-elevation prairie lands in eastern Boulder County to
the foothills of central Boulder County; there are limited holdings in the higher-elevation
portions of western Boulder County.
The remainder of this chapter examines the challenges that climate change might pose to
agriculture and public lands management in Boulder County. Although we touch on scientific
knowledge of climate change impacts, this chapter is meant primarily for decision support. To
that end, we move away from the generalities of what climate change might mean and focus on
specific challenges and opportunities in Boulder County and within the institutions of BCPOS
and OSMP. Our analysis is based on the peer-reviewed scientific literature, an archive of dozens
of plans from both organizations, and interviews with 12 individuals with the City of Boulder
and Boulder County open space departments.
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6.1 Why Consider Climate Change?
As noted above, key characteristics of agriculture and natural resources are affected by climate.
For example, the productivity of agricultural crops, water resource availability, the distribution
and abundance of species, and the quality and type of recreation that are available to people –
these all are strongly affected by current climate and are thus likely to be sensitive to future
climatic change. In this section, we begin by describing some of the potential impacts of climate
change on agriculture and natural resources relevant to Boulder County. Next, we explore in
detail whether and how climate change could affect the management objectives of BCPOS and
OSMP and describe some of the specific management challenges these entities could face under
climate change.
6.1.1

Impacts of climate change on agriculture and natural resources

It is beyond the scope of this document to provide an exhaustive description of the multitude of
impacts that climate change could have on all agriculture and natural resources found in Boulder
County. Instead, we highlight key impacts that are likely to affect resources managed in whole or
in part by the public sector. Our analysis is based on interviews with 12 staff from the City of
Boulder and Boulder County open space departments as well as peer-reviewed literature. It is
worth noting that, in many cases, the scientific literature we cite is not focused on Boulder
County ecosystems, species, or resources per se. Rather, we draw on impact studies that address
generalized issues that are relevant to Boulder County. We note where the potential impacts cited
have been suggested by interviewees rather than peer-reviewed studies.
Agricultural productivity and management: Climate change can have varying impacts on
agriculture, depending on crop type and location. Higher carbon dioxide (CO2) levels generally
tend to cause plants to grow larger and become more water efficient. However, for crops already
near their maximum heat tolerance, yields might decline or more irrigation might be necessary to
reduce heat stress by creating a cooling effect in the near-plant microclimate. Because of a
reduction in the time between when the seed grows and the plant matures, a number of crops,
including wheat and corn, might show decreasing yields with increasing temperatures. In
general, optimum temperatures for reproductive growth are lower than those for vegetative
growth, meaning that increased early-season temperatures might shorten crop lifecycles and
make plants less productive overall. Increased temperatures beyond the optimal range of 77–
95°F during the grain filling period are expected to reduce yields, although irrigation is often
used to lower ambient temperatures. Corn also experiences reduced yields if temperatures during
the reproductive phase dramatically exceed 86°F. Weeds, on the other hand, are expected to
benefit from rising CO2 levels and temperatures (CCSP, 2008). Finally, although warmer
temperatures generally translate into an increase in growing-degree-days (GDDs) and a longer
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growing season, an earlier start to the growing season might leave plants more vulnerable to late
frosts (Inouye, 2008; USGCRP, 2009).
Grazing: Rising temperatures might increase the length of forage production seasons but reduce
forage quality, leading to a net increase in area needed to accommodate grazing animals
(USGCRP, 2009). Note also that high atmospheric CO2 levels decreases the nutritional quality of
plants. Lengthening growing seasons, however, could reduce the need to accumulate winter
forage. These impacts are dependent on water availability, which could be reduced under climate
change, particularly in the late summer (CCSP, 2008).
Local species extinctions: Changes in temperature and precipitation patterns and extremes can
lead to the local extinction of species if key physiological thresholds are exceeded. For example,
the breeding success of the northern leopard frog declines in dry years (staff interview).
Extended periods of drought could lead to the local extirpation of this species. Similarly, coldwater fisheries, such as cutthroat trout, suffer higher mortality during the low flows associated
with dry years because water temperatures can increase beyond acceptable thresholds (staff
interview). Again, persistent or extreme periods of low flows might lead to the local loss of this
species. Other plant and animal species might also suffer as temperature, precipitation, and
disturbance regimes shift in the future.
Species range shifts: In response to warming, many species are expected to shift their ranges
northward and upward in elevation. Range shifts to higher latitudes have occurred for species
from all well-studied plant and animal groups on all continents (Parmesan, 2006; Rosenzweig
et al., 2007). On average, species in the Northern Hemisphere have moved 3.8 mi per decade
(Parmesan and Yohe, 2003). Contractions of species ranges have been observed for some rangerestricted species, such as those found at the tops of mountains (Parmesan, 2006). These range
shifts have been attributed to recent changes in climate by statistical analyses that demonstrate
that they are (1) consistent with the expected responses to documented changes in climate;
(2) unlikely to be entirely due to natural variability; and (3) inconsistent with alternative,
plausible explanations that exclude changes in climate (Rosenzweig et al., 2008).
Changes in phenology: Climate change is likely to alter the timing of key events in species or
ecosystems. For example, recent observations show that spring is arriving earlier on most
continents and for species occurring in well-studied marine, freshwater, and terrestrial groups
(Parmesan, 2006; Rosenzweig et al., 2007). Quantitative analyses suggest the advance arrival of
spring from 2.3 to 5.2 days per decade across species over the last 30 years (Parmesan and Yohe,
2003; Rosenzweig et al., 2007). Changes include earlier bud burst, flowering, emergence from
hibernation, migration, and breeding. When these phenological changes affect co-occurring
species, they can disrupt species interactions, including predator-prey and plant-pollinator
relationships (Rosenzweig et al., 2007).
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Extended dry seasons due to earlier snowmelt: Snow reflects a large portion of incoming solar
radiation, and a reduction in the duration of snow cover therefore will allow for more
pronounced soil warming during the warm spring and summer months (Armstrong and Brun,
2008). Snow also insulates the soil from cold air temperatures during the fall and early winter
months and prevents the soil moisture from evaporating. The combined effects of later snow
accumulation and earlier snowmelt results in a longer growing season for vegetation with the
potential for prolonged dry seasons and droughts. This observed trend is projected to continue
and become more pronounced throughout the 21st century (Mote et al., 2005; Stewart et al.,
2005; Lemke et al., 2007; Bates et al., 2008; Lettenmaier et al., 2008). A longer snow-free
season that decreases soil moisture can exacerbate the impacts of drought caused by reductions
in precipitation, potentially increasing risks of wildfire and pest outbreaks (Westerling et al.,
2006; Raffa et al., 2008).
Pest and disease outbreaks: A combination of factors can contribute to increases in pest
outbreaks under climate change. Higher temperatures can contribute to increased survival and
productivity of pests (Logan and Powell, 2009). In addition, drought and heat stress caused by
climate change can make forests more vulnerable to insect outbreaks (Colorado Division of
Forestry, 2004). For example, in recent years, pine forests in the Rocky Mountains of the western
United States and British Columbia have experienced widespread outbreaks of mountain pine
beetles that can kill or damage trees. Because dead trees ignite more readily than living trees,
some researchers have suggested that large-scale pest outbreaks may increase wildfire risk (Kurz
et al., 2008); however, this theory remains controversial.
Wildfires: Seasonality of average and extreme temperatures and precipitation has a significant
impact on wildfire timing, frequency, and magnitude. For example, early vegetation growth due
to a wet spring can lead to rapid fuels build-up that increases the risk of fire as that vegetation
dries out over the summer (staff interview). Similarly, earlier snowmelt, which extends the fire
season, has increased fire frequency and intensity in the western United States (Westerling et al.,
2006). Extreme hot and dry conditions can significantly increase wildfire risk at any time of the
year. If climate change leads to warming, as anticipated, and to possibly drier conditions, this
could affect the severity and frequency of wildfires, requiring alterations in fuels treatments and
fire management practices.
Invasive weeds: As with any other plant species, weeds are likely to be affected by climate
change. It is difficult to predict whether any given invasive species will do better or worse under
elevated CO2 and climate change, but invasive species dynamics could change significantly. For
example, warm season grasses (C4) are expected to respond favorably to warmer temperatures
under water-limited conditions, but cool season (C3) grasses generally respond more favorably to
higher atmospheric CO2 concentrations (Morgan et al., 2011). The impact of climate change on
the rate of expansion of any given species will be highly dependent on local water and nutrient
availability, the species’ intrinsic growth rate, local disturbance regimes, and the species with
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which that species is competing. However, some general issues might arise under climate
change. For example, pesticide application might need to be delayed because of an unusually wet
spring. This is because of concerns about pesticide application vehicles physically accessing
crops on wet fields and because of concerns about non-point source pesticide contamination of
water resources (staff interview). Because pesticides are more effective on smaller plants, this
delay could reduce the effectiveness of weed control efforts. Also, earlier springs might require
that weed management activities begin earlier in the year.
Changes in wetlands: Freshwater wetlands are likely to be affected by changes in precipitation
and temperature (Burkett and Kusler, 2000). Decreases in precipitation or changes in
precipitation timing, especially in combination with increased evaporation from higher
temperatures, can shrink the wetland area or change the species composition of a wetland (Kling
et al., 2003).
Plant growth: It is unclear how climate change will affect plant ecosystems in Boulder County.
Some forest tree growth might be stimulated by increased concentrations of CO2 and longer
growing seasons. However, most of that growth will be in young trees with sufficient water and
nutrient availability. Wildfire disturbance regimes are likely to place important constraints on
plant productivity and growth, as will dry season length and intensity. The specific impacts of
climate change on the productivity and composition of specific ecosystems remain to be seen.
6.1.2

Effects of climate change on agriculture and natural resource objectives

The above section focused on some of the general impacts of climate change on agriculture and
natural resources that could be observed in Boulder County. In this section, we focus our
analysis on how and why these types of impacts would matter to BCPOS and OSMP, which are
responsible for managing natural resources in the county. We recognize that climate change is
not typically an issue of central concern for BCPOS and OSMP. However, in this section we
discuss whether and how climate change impacts on the natural resources of Boulder County
could affect the departments’ abilities to meet their articulated objectives.
The City of Boulder OSMP Department’s objectives are defined by Article XII of the City
Charter and reproduced in Box 6.1 (Colorado Code Publishing Company, 2007).
The stated mission of BCPOS is “to conserve natural, cultural and agricultural resources and
provide public uses that reflect sound resource management and community values.” The
specific goals of BCPOS are listed in Box 6.2 (Boulder County, 2011b).
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Box 6.1. City of Boulder OSMP Department’s formal objectives
Open space land shall be acquired, maintained, preserved, retained, and used only for the
following purposes:
1. Preservation or restoration of natural areas characterized by or including terrain, geologic
formations, flora, or fauna that are unusual, spectacular, historically important, scientifically
valuable, or unique, or that represent outstanding or rare examples of native species
2. Preservation of water resources in their natural or traditional state, scenic areas or vistas,
wildlife habitats, or fragile ecosystems
3. Preservation of land for passive recreational use, such as hiking, photography, or nature
studies, and, if specifically designated, bicycling, horseback riding, or fishing
4. Preservation of agricultural uses and land suitable for agricultural production
5. Utilization of land for shaping the development of the city, limiting urban sprawl, and
disciplining growth
6. Utilization of non-urban land for spatial definition of urban areas
7. Utilization of land to prevent encroachment on floodplains
8. Preservation of land for its aesthetic or passive recreational value and its contribution to the
quality of life of the community.

Box 6.2. BCPOS Department’s formal objectives
1. To preserve rural lands and buffers
2. To preserve and restore natural resources for the benefit of the environment and the public
3. To provide public outreach, partnerships and volunteer opportunities to increase awareness
and appreciation of Boulder County’s open space
4. To protect, restore and interpret cultural resources for the education and enjoyment of current
and future generations
5. To provide quality recreational experiences while protecting open space resources
6. To promote and provide for sustainable agriculture in Boulder County for the natural,
cultural and economic values it provides
7. To develop human resources potential, employ sustainable and sound business practices, and
pursue technological advancements.
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We focus our analysis on agency objectives to provide an appropriate framework for identifying
climate change-related issues that are likely to be most significant for natural resource
management in Boulder County. One important guiding principle in judging significance begins
with whether a particular objective is sensitive to climatic changes. For example, the productivity
and viability of agriculture is currently affected by extreme temperatures, drought, too much or
too little precipitation, and irrigation water availability. The sensitivity of agriculture to climate
indicates that agriculture is highly likely to be affected by climate change. Below, we describe
the likely relevance of climate change to specific BCPOS and OSMP objectives, moving in
general from the most to least sensitive to climate change.
Preservation of water resources: BCPOS and OSMP manage a number of lakes, ponds, creeks,
and wetlands as well as water for irrigated agriculture. Water resources are sensitive to average,
seasonal, and extreme precipitation; snowmelt timing; average and extreme temperatures; and
cycles of drought. Current climate variability affects the volume of water available for
agriculture as well as the quality of aquatic, wetland, and riparian habitats. In the future, earlier
snowmelt, lower summertime precipitation, and higher summertime temperatures could combine
to increase water scarcity in the late summer and reduce wetland quality and area.
Ecosystem preservation: Species and habitats respond directly to changes in the magnitude,
frequency, and seasonality of temperature and precipitation regimes as well as indirectly to
competition from invasive weeds, changes in wildfire frequency and severity, and similar
impacts. As noted earlier, climate change might have a number of effects on native ecosystems,
including (1) local extinctions of species as altered climatologic conditions move beyond specific
thresholds of physiological tolerance; (2) geographic shifts in key species of interest (e.g., shifts
upward in elevation) that move them outside the jurisdictional boundaries of management;
(3) increases in outbreaks of pests that degrade forest habitat and/or make them more vulnerable
to wildfire; and (4) changes in the timing of important life stages or events (e.g., flowering,
migration, breeding) that, when affecting co-occurring species, has the potential to disrupt
predator-prey and plant-pollinator relationships. Given the sensitivity of ecosystem dynamics to
climate change, efforts to conserve ecosystems will likely have to adapt to changing species
dynamics under a future climate.
Promote sustainable agriculture: Agriculture is sensitive to changes in temperature,
precipitation patterns, water availability, and pest and disease incidence. This objective is also
affected by the availability of water resources, which is also affected by climate. Maintaining
agricultural productivity under a future climate might require the introduction of new crops or
breeds, modified management techniques, and/or increases in irrigation water if less precipitation
is available to meet crop needs. Given that water might generally be in shorter supply, more
efficient methods of applying water might also be required for sustainable agriculture.

Page 6-7
SC12586

Stratus Consulting

Agriculture and Natural Resources (5/3/2012)

Provide quality recreational experiences: Recreation opportunities on open space lands
include trail-based recreation, climbing and off-trail travel, parking and picnic facilities, fishing
opportunities, wildlife viewing, and more. Some recreational infrastructure and the timing and
volume of recreational activity are sensitive to climate. For example, the type of recreational
fishing that is available (e.g., warm water, cool water, cold water) is dependent on water
temperatures in lakes and streams, and this is sensitive to climatic conditions. In addition, people
are more likely to fish and hike on sunny, warm days; temperature and precipitation thus also
affect recreational patterns. If the type, total, and/or temporal and spatial distribution of
recreational trips change over time, management strategies might need to change in response.
Protection of cultural resources: Cultural resources managed by these agencies include Native
American archeological sites as well as historic mines, ranch houses, and farmhouses. These
resources have some minor sensitivity to climate, including risk to flooding along waterways and
fire risk to historic structures as well as wear and tear to the structures themselves from extreme
heat, cold, and precipitation. Because the sensitivity of cultural resources to current climate is
low, we anticipate that their vulnerability to climate change to be low as well.
Public outreach, partnerships, and volunteer opportunities: Although public outreach might
be helpful in educating the public about climate change, these procedural objectives are not
sensitive to current climate and thus unlikely to be affected significantly by climate change.
Nevertheless, if climate change leads to observable changes in natural ecosystems, agriculture, or
other aspects of our public lands, it might spur more people to learn about their public lands and
the impacts that they have observed. Observed impacts of climate change might also present
opportunities to educate the public about climate change and its consequences. To be sure,
attribution of climate change at a local scale is very challenging, but education can identify the
types of changes that we expect to happen.
Develop human resources, sustainable business practices, and technology: Although climate
change might affect some business practices and human and technological resources, these
procedural objectives are not sensitive to current climate and thus unlikely to be affected
significantly by climate change.
Preservation of rural lands and city shaping: This objective is a function of acquiring the land
to legally prevent further development. Climate plays very little role in accomplishing this
objective, and this objective is unlikely to be affected by climate change. Note that this does not
mean that the use of rural lands is not sensitive to climate change but simply the prevention of
urban development.
Preservation of aesthetic values: This objective is often conceived as a function of acquiring
the land to legally prevent further development – development being the activity that would
detract from the aesthetic value of the land. Climate plays a very little role in accomplishing this
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objective, and this objective in unlikely to be affected by climate change. However, the effects of
weather and climate such as increased fire incidence, widespread vegetation die-offs due to the
pine bark beetle or other forests pests, changing vegetation regimes, and other potential climaterelated impacts might affect the aesthetic value of land that has already been preserved.
6.1.3

Key future management challenges for BCPOS and OSMP

In this section, we describe key issues related to managing natural resource management under
current and future climates that were emphasized during our interviews with staff from the City
of Boulder and Boulder County open space departments. In some cases, interviewees felt the
agencies were well positioned to address climate-related challenges; in other cases, staff felt
climate change would pose significant challenges.
In several interviews, multiple staff members from both departments felt their organizations have
been generally successful in achieving departmental objectives despite the challenges posed by
weather and climate. In fact, they felt that they were perhaps well positioned to cope with some
of the changes in climate that might be in store. For example, activities within BCPOS and
OSMP already utilize adaptive management to deal with existing weather and climate variability,
shifts in land use on adjacent properties, increased recreational use, wildfire risk, and other
existing management concerns.
However, staff were also concerned about new threats that might occur as the baseline climate
shifts to a “new normal.” This is especially the case where such climate changes might affect the
survival or existence of a resource being managed (e.g., permanent drying of wetlands, survival
of cold-water fisheries). In these cases, the standard management practices in use by the
organization (e.g., prescribed burns, specific weed management practices, managing for key
species of concern) might no longer be effective. Similarly, certain objectives might cease to
remain salient over time (e.g., preservation of the American pika, supporting irrigated agriculture
under current water rights).
Several interviewees were also concerned that climate change would exacerbate the already
challenging situations where conflict arises between departmental objectives. For example,
providing water for irrigated agriculture might come into greater conflict with maintaining highquality aquatic and riparian habitats. Or the demand for recreation might increase at the same
time that species face greater risks to survival due to climate change. Interviewees anticipated
that balancing conservation efforts with demand for recreation and agricultural needs will
become more challenging in a climate-altered future.
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In addition to these general concerns, staff noted the following specific issues that they felt
would be challenging to cope with as climate changes:
Water resources: Water was noted as a particularly vulnerable resource. Interviewees noted the
high dependence of Front Range water resources on winter snowfall and the timing of snowmelt.
As noted earlier in this chapter, drier winters and/or earlier springs can extend the dry season
significantly. These dynamics would clearly also affect wetland, riparian, and aquatic habitats.
(See Chapter 3 for more information on water resources.)
Agriculture: Many interviewees recognized the vulnerability of agriculture to climate change.
They noted that crop output is highly vulnerable to the duration and timing of extreme weather
events. For example, extreme heat and cold events can cause physical crop damage, and extreme
precipitation events can have a variety of impacts on crop health. Depending on when the
precipitation occurs, extreme rainfall events can wash away soil, seeds, or plants. Hail can also
cause physical damage. Interviewees also noted that when crops are used as livestock feed,
weather events can affect livestock production. Seasonal water scarcity was noted as another
important threat to crops. Despite these concerns, agriculture has been adapting to these types of
challenges for many years, so it might be well suited to adapt to long-term climatic change.
Wildfire: Many interviewees were concerned with potential climate change impacts on wildfire
dynamics. They noted the potential for drought and extreme summer heat as factors that would
increase fire risk.
Grassland management: Interviewees were concerned about the specific challenges that
climate change could pose for grasslands, including changes in the abundance of cool or warm
season plants as well as a need for changes in invasive species management strategies and
techniques.
Restoration: Restoration efforts were noted as being sensitive to annual weather variation.
Interviewees noted that unusual weather patterns might put native plants at a disadvantage,
which could slow efforts to eradicate non-natives and establish native plant communities. If
climate variability increases, planning for effective restoration would likely be more challenging.

6.2 Opportunities to Address Climate Change
There are a number of opportunities for integrating adaptation to climate change into planning,
management, and operations of both BCPOS and OSMP. Four activities stood out in particular
as ripe for intervention. The first opportunity is integrating climate change considerations into
strategic planning documents. The second opportunity is addressing climate change through the
refinement of standard operating procedures of management. The third includes the day-to-day
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operational decisions made by specific department personnel. A fourth opportunity involves
changing the mind-set of natural resources managers such that they recognize that they cannot
and should not expect the systems and species that they are managing to remain static – changes
are inevitable, and management approaches should be flexible to accommodate them as time
evolves.
6.2.1

System-wide strategic planning

Both OSMP and BCPOS generate system-wide strategic planning documents to drive and justify
departmental decisions at a meta scale. The most important planning documents mentioned by
interviewees in OSMP were the Grassland Ecosystem Management Plan, Forest Ecosystem
Management Plan, and Visitor Master Plan, although specific Trail Study Area plans were also
mentioned as important. The most important planning documents mentioned by interviewees in
BCPOS was the Boulder County Comprehensive Plan, Forest Management Policy, Grassland
Management Plan: Prairie Dog Habitat Element, and Noxious Weed Management Plan; a Food
and Agriculture Plan is under development, along with plans for water resources, visitor
resources, cultural resources, and conservation easements. County staff also indicated that
property-specific management plans are important guiding documents.
However, the planning horizon for most of these documents is around 10 years. Generally,
changes can be made in-between plan updates, but this is uncommon. Although interviewees
suggested that incorporating climate change adaptation into these guiding documents seemed
plausible under the right circumstances, it is not clear to us that explicit incorporation is
necessary. For most resources that are sensitive to climate conditions, these sensitivities were
explicitly discussed in the planning documents along with strategies for mitigating the adverse
consequences of unfavorable climate conditions. Because the planning horizon for these
documents is only 10 years and significant changes in climate are unlikely in such a short
timeframe, it is unlikely that actual management changes will be needed more frequently that
these plans are revisited. One interviewee observed that these plans typically deal with current
issues, without much discussion of the future.
Despite the generally anticipated 10-year planning horizon, sometimes specific plans remain in
place for far longer. For example, an upcoming revisit of the Walker Ranch Management Plan
by BCPOS will be the first time this plan has been revisited since 1985 – more than 26 years.
The 10-year planning horizon might be optimistic given the large and increasing number of
planning documents in both OSMP and BCPOS. Given this reality, there might be a reason to
explicitly incorporate climate change considerations in some aspects of system-wide plans. One
way to accomplish this without detracting from the important work of plan development is to
explicitly call out vulnerabilities to climate variability or change in planning documents and
recommend adaptive management to cope with unrealized potential impacts.
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The major exception to this rule appears to be monitoring regimes. Many of the system-wide
management plans have set up environmental monitoring regimes to observe change in variables
of interest over time. Although many of these monitoring regimes collect climate data, some do
not. The causal link between ecosystem changes and climate change might be difficult to
establish in the non-linear, stochastic, and sometimes chaotic relationship among species,
ecosystems, climate stressors, human stressors, etc. Nevertheless, monitoring programs with the
ability to capture climatic information have established a baseline of data for future analysis that
might prove invaluable. Because many monitoring regimes are already being established, it
makes sense to ensure that they collect climate data as well. Such monitoring programs will
allow departments to better understand how climate change is affecting natural resources and
thus how best to adapt their management strategies as the systems they manage change.
6.2.2

Management policies and standard operating procedures

Beyond system-wide strategic plans, there are often sets of standard operating procedures spelled
out in management documents or “policies.” For example, BCPOS has a “Weed Management –
Policies and Procedures” document that complements the Noxious Weed Plan. Such documents
typically are more easily read and contain specific references to the range of management
practices employed by the agency. These policies often include explicit recommendations about
when to employ which management strategies as well as legal requirements for management.
OSMP often incorporates these operating procedures within their system-wide plans. However, it
makes sense to discuss these sections here because they represent a different level of decisionmaking with consequent differences in whether and how climate change can play a role in
management.
Management policies are generally written as guidance documents that provide little context or
reasoning behind the recommendations they provide. Instead, they serve as operating manuals to
direct the reader on how business is conducted by the agency on the resource under discussion.
The policies and standard operating procedures in these documents could sometimes benefit
from “asking the climate question.” For example, a standard operating procedure for applying
herbicides based on specific calendar dates could instead emphasize the timeframe after the onset
of spring. Such a change could account for shifts in seasons and ensure that pesticides are
applied while plants are small and pesticides are most effective.
6.2.3

Operational decision-making

The third level of decision-making is essentially on-the-ground operations or specific
prescriptions for management action. The majority of management flexibility occurs at this level.
For example, when a conflict exists between the use of water for irrigation and for species
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habitat during critical periods for reproduction or survival, the potential conflict is often solved
with a simple conversation between the resource manager and the farmer. Irrigation timing can
often be delayed or modified to ensure that the necessary flows for spawning fish, for example,
are maintained.
Similarly, weed management decisions must be made every day based on observed conditions on
the ground. If a species of concern is growing faster than anticipated in one location, resources
can be moved to ensure that area is treated before the plants bloom and spread their seeds. If one
management technique that was prescribed, such as mechanical thinning, did not achieve
management targets, complementary techniques might be brought to bear, such as pesticide
application. Even if some of these decisions are spelled out in standard operating procedures,
variance from those procedures on the ground is inevitable.
Although climate is seldom a consideration in operational decision-making (although weather
certainly is), this type of decision can be relevant to adapting to climate change. This is because
operational decision-making exemplifies the flexibility and resilience typically sought after in
adapting to a changing climate. The ability to manage the system under a variety of on-theground conditions is a critical aspect of adaptation, although this must occur over longer
timeframes for climate change.
Consequently, operational decision-making can be viewed as a laboratory for generating
innovations in agriculture and natural resources management that will increase system resilience
to changes in climate. Another way to consider this is that we do not have to know exactly what
to do in advance of change if we have developed a culture of active adaptive management. Under
these circumstances, we can often delay decisions with uncertain payoffs while we wait for more
or better information, with the knowledge that the capacity of the organization to deal with
climate change is being developed.
6.2.4

Changing the mindset of natural resource managers

Many interviewees noted that natural resource management has often been focused on a
particular target species within the jurisdictional boundaries of a park. However, given that
climate change will likely affect which species persist in different locations, interviewees felt
that this approach would likely need to change.
The core issue here is that the baseline that resource managers are trying to maintain or restore
might change over time as climate changes. In some cases, species might shift entirely out of a
given park and entirely new species might shift in. Under the conventional management
paradigm, this would represent a management failure. But given climate change, it might be
necessary to rethink how success is defined over longer timeframes. In Boulder County, some
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species will move up in elevation to compensate for climate change. Climate change might push
other species over a threshold that leads to their ultimate local extirpation. Given this possibility,
new definitions might be needed for assessing management success and failure. A flexible
baseline might need to be developed that allows for landscape changes due to factors outside of
management control that establish new baseline conditions.
Many entities that manage natural resources have taken on this kind of approach. One
interviewee noted that the Nature Conservancy Conservation Action Planning process (TNC,
2011) has provided a precedent that helps shift from micro-level management (e.g., species) to
macro-level management (e.g., habitat). In Wyoming, “area based management” is the new norm
for sage grouse in order to provide sufficient habitat for this species to survive despite habitat
fragmentation and other stressors. This approach could help improve resilience to climate
change. And many conservation organizations have begun to grapple with the idea of shifting
species and baselines and are adapting their conservation planning to accept and even facilitate
ecosystem change.
Although this new approach is being taken seriously by many entities, some challenges remain.
For example, if a protected area was designed to protect a key species of concern, but that
species’ range moves out of the protected area, should the area still be conserved? If a species
needs to move to a more northerly habitat fragment to survive locally, but there are no possible
corridors for movement, should managers facilitate their migration?
In addition, it is not only land and resource managers who need to grapple with and accept the
likelihood of changing baselines and species shifts, but also critical stakeholders who are often
engaged with natural resource conservation and use. The public and policymakers will likely
need to be educated about new norms to expect and how management plans can and cannot work
against these new norms. For example, the public is often galvanized by efforts to save particular
species, but if that species disappears, efforts might need to instead focus on the conservation of
different habitat types. This might pose a communications challenge for managers.

6.3 Policy Recommendations
Based on our archival review and interviews, we present our synthesis of a few policy
recommendations for OSMP and BCPOS. These recommendations are intended as immediate
actions items that can help prepare both agencies for climate change.
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Convene multi-agency work group to coordinate resource management strategies
across jurisdictional boundaries

A broad consensus existed across all interviewees that greater coordination across land
management agencies would be useful on a number of issues, including fire management,
noxious weed management, recreation management, and more. Just within Boulder County,
BCPOS, OSMP, the U.S. Forest Service, the National Park Service, the Bureau of Land
Management, and Colorado State Parks hold significant land areas. Yet coordination of
management strategies across these jurisdictions is relatively rare. A few precedents do exist. For
example, in the Front Range Fuels Treatment Partnership, federal, state, and local governments;
land-management agencies; private landowners; conservation organizations; and other
stakeholders are working in collaboration to reduce wildland fire risks and restore healthy forest
ecosystems along Colorado’s Front Range. Such a partnership could economize on resources,
leverage monitoring networks, and more. There are also historic precedents for this, including
the “resource managers’ roundtable,” which operated in the late 1980s and early 1990s as a
collaborative among personnel from the City of Boulder Open Space Department, the City of
Boulder Mountain Parks Department, Colorado State Parks, the Division of Wildlife, and others.
The Colorado Open Space Alliance conference is a more modern example, but not specific to
Boulder County.
6.3.2

Promote and foster biodiversity and ecological resilience to reduce
species vulnerability

Several interviewees suggested that the best hedge against climate change is to remove other
stressors from the ecological context of sensitive species. For example, reducing competition
with invasive species, reducing mortality from roadways, and providing refuges for successful
breeding and reproduction can all increase reproductive success and survival in a way that allows
a particular species to better absorb other stresses, such as climate change. These actions can be
taken now to reduce stress on specific species of concern to enable them to better absorb the
anticipated stress of climate change. Although this recommendation holds some merit, it is
important to consider it in light of the evolving focus on stress to ecological systems and not just
single species.
6.3.3

Expand and enhance monitoring networks for climate data

Significant monitoring efforts are already underway by OSMP and BCPOS. These monitoring
networks should collect relevant climate data along with observations relevant to the
management objective. This will allow for large, relevant datasets to be generated that could be
used in the future to establish climate correlations with species and habitat shifts. We need to
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determine how to capture meaningful changes in climate while maintaining the high-quality
observed datasets that now exist. Furthermore, wildlife monitoring is typically species or
community specific, but many such monitoring projects have quality baseline data at this point.
According to interviewees, there is no ecosystem-level monitoring in place due to resource
constraints. However, there might be ways to combine observations from multiple monitoring
projects to develop a habitat-level picture.
6.3.4

Reassess acquisition priorities

It is not clear from the archival review and interviews how acquisition priorities are set for
OSMP and BCPOS. But we recommend a high-level review of acquisition priorities in light of
the anticipated impacts of climate change. Existing priorities for acquisition might adequately
address the greatest anticipated impacts, such as impacts on ecosystems and water resources. But
there might be specific species or resources of concern, where more habitat connections to highelevation public land might be necessary to facilitate species migration in the face of climate
change. This recommendation could also play out in the form of partnership agreements between
public land agencies in lieu of acquisition. This could provide a more cost-effective way to
accomplish a similar end and ensure compatible management across jurisdictional boundaries.
6.3.5

Ask climate question in system-wide management plans

One way to ensure that climate change is adequately considered in management plans is to
simply ask the climate question. Climate change should be one of the many considerations in a
management plan, but without detracting from the important work of plan development. Actively
looking for and explicitly calling out resource vulnerabilities to climate variability and change in
planning documents and recommending adaptive management to cope with unrealized potential
impacts can be a constructive addition to current management planning. As one interviewee
stated, “we shouldn’t simply say that [climate change] is out there, but we don’t know what to do
about it.”
6.3.6

Prioritize information transfer on climate change issues

Many organization involved in agriculture and natural resource management are engaged on the
climate change issue, such as The Nature Conservancy, the Natural Resources Conservation
Service, the National Park Service, and others. Learning from the successful innovations of these
organizations is a low-cost way to stay abreast of the state of the practice, not just on climate
change, but on many resource management issues. Because resource management is a relatively
diffuse activity, without tight-knit professional organizations, trade journals, conferences, or
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continuing education requirements, this recommendation could help fill a hole in organizational
learning for OSMP and BCPOS.

6.4 Recommendations for Future Study
Many ideas and suggestions were developed during the course of our research. Interviewees and
expert reviewers suggested many more. Ideas and recommendations judged premature for
immediate policy action are included in this section as possibilities for further study or research.
6.4.1

More research on regional impacts of climate change on natural resources

In addition to the specific concern about thresholds, another desire brought up by many
interviewees was for more region-specific research on the potential effects of climate change on
natural resources (e.g., region-specific species, communities, and ecosystems). Many
interviewees recognized that such research might not be capable of fully answering the many
outstanding questions about climate change impacts, but interviewees suggested soliciting
research at the local level tailored to management needs. A study that examined climate change
and prairie dogs was mentioned as a good example by one interviewee.
A specific issue that was brought up by many interviewees was the issue of ecosystem
thresholds. This is the idea that although climate change might be gradual, ecosystems can
respond in non-linear, dramatic ways after a given threshold is reached. (An example of this kind
of dynamic is the mountain pine beetle, whose populations exploded in western North America
because of recent winter warming.) Although the potential for thresholds is widely recognized,
very little is known about which species or ecosystems are at risk and how to detect thresholds
before they are crossed.
6.4.2

Investigate challenges to using controlled burns under climate altered future

A healthy fire ecology is critical to current management of grasslands and forests. Active
management of fire is currently necessary to maintain or improve ecological conditions due to a
long history of fire repression in Boulder County and throughout the Intermountain West. But
the ability to control burns might be compromised if temperatures get too high, precipitation
decreases, and vegetation drying presents high-hazard situations. Considering these possible
climate changes as we begin to conduct more frequent and organized controlled burns will allow
us to better anticipate the associated challenges and to adapt to these more difficult conditions
over time.
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Consider role of climate in integrated pest management

In Boulder County, significant public pressure exists to minimize the use of pesticides and
genetically modified organisms (GMOs) for integrated pest management (IPM) for both
agriculture and natural habitats. Unfortunately, pesticides often prove far more effective than
alternative means such as mechanical thinning and biological control. Biological control also
will typically be more sensitive to climate conditions than conventional pesticide use. Under
such challenging circumstances, it might make sense to further study the likely effects of climate
change on IPM. IPM, in the form of weed control, is further determined by the Colorado
Department of Agriculture’s determination of List A, B, and C invasive species. It is possible
that climate change might change the relative threat ranks of different weeds, and this should be
further examined.
6.4.4

Examine increasing flexibility of agriculture practices

Currently, informal practices help maintain the necessary flexibility to ensure that natural
resources are not adversely affected by extreme climate conditions. It will be important to
maintain such flexibility, either through the existing informal practices or through more formal
management in the future. But the flexibility of lessees to alter grazing or farming practices
temporarily during critical periods of stress for sensitive species might be challenged if those
conditions are reached more often. This can also play out just within the agriculture sector.
During periods of insufficient water, state law currently gives the water to the “first in right.” But
a broader approach to agriculture on county-owned land that considers which lands will be most
productive with a given water allocation might yield greater agricultural output than the current
system. In the worst-case scenario, marginal county-owned lands with senior water rights could
force more productive agricultural lands to lie fallow while they fail to generate significant
produce due to insufficient water. Water lease agreements between cities and agricultural users
might provide a useful precedent for optimizing irrigation water among agricultural users.
6.4.5

Consider increasing flexibility in mandates and regulations

Some resource management practices are required by state or federal regulations. Ensuring
compliance with these regulations might present some barriers to adaptation. An example at the
state level is noxious weed eradication. Noxious weeds species are classified as A, B, or C based
on the threat posed by the species. Eradication is required for list A species. The number of
species on this list could increase under changing climate conditions. Some flexibility to set
priorities for action among A-list species might be needed. A related issue is how to come to
grips with the fact that the world is changing and some species designated as invasive now might
in fact become the best suited to inhabit a given area under a climate-altered future. Climate
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change could also cause weed eradication costs to increase significantly. This might divert
resources from other departmental objectives. Partnering with regulators to allow for flexible
compliance will promote optimal adaptation integration.
6.4.6

Investigate potential competition for land under climate change

If climate change or other global trends adversely affect food production, this could generate
increased demand to put into production land previously devoted to wildlife and habitat
conservation. It is important to be forward thinking about the trade-offs and synergies between
the multiple objectives of open space to ensure that climate change does not favor one to the
exclusion of the other.
6.4.7

Consider potential efficacy of public outreach regarding climate change

The communications specialists for both OSMP and BCPOS suggested that there could be an
important role for public outreach in communicating about climate change and the impacts it
might have locally on natural resources. This issue might merit further consideration. For
example, observed impacts of climate change might present opportunities to educate the public
about climate change and its consequences. Even though attributing climate change at a local
scale is scientifically challenging, education can identify the types of changes that we expect to
happen.
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7.

A Climate Change Resilience Strategy for Boulder
County and the City of Boulder

As described in Chapter 1, the goal of crafting this plan is to assist county and city agencies that
manage climate-sensitive resources and assets in achieving their departmental objectives in the
face of challenges posed by projected climate changes. Chapter 2 demonstrates that temperatures
already have begun to rise in Colorado, that the best available climate science projects further
warming, and that higher temperatures are likely to lead to significant impacts on a variety of
resources managed by Boulder County, the City of Boulder, and other local municipalities. To
manage these projected impacts, this plan assessed challenges, capabilities, and opportunities for
Boulder County and its municipalities to adapt to climate change in four key sectors: water
supply, emergency management (EM), public health, and agriculture and natural resources.
In addition to the sector-specific recommendations discussed in Chapters 3–6, this plan proposes
an overarching climate resilience strategy. There are many aspects of county and city
government that are too broad to be captured in a single sector. These include community
planning through the Boulder Valley and Boulder County Comprehensive Plans. Furthermore,
the jurisdiction of many county and city agencies is limited and cannot effectively address crosssector adaptation challenges or opportunities. Consequently, this chapter provides direction for a
broad-based climate resilience strategy that can be adopted and implemented by the City of
Boulder and Boulder County elected officials, as well as those from other municipalities. Below
we overview that strategy along with principles of best practice to help guide decision-making to
manage the effects of climate change in Boulder County.

7.1 Boulder County and City of Boulder Climate
Resilience Strategies
The key to the development of an effective climate resilience strategy is to understand how
climate change could affect specific objectives of the city or the county. Although Chapters 3–6
provided examples relevant to specific sectors, this same approach can be applied both at the
broader level of county or city government as a whole as well as to other sectors not covered in
this plan. For example, Boulder County’s sustainability objectives cover a variety of goals such
as the conservation of resources, a high quality of life, the protection of ecosystems, and the
promotion of an active community. Ensuring that climate change will not significantly impede
efforts to balance and meet these goals will require the application of an overall resilience
strategy – but not necessarily a formal policy or plan – applied at the county level.
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It is important to recognize that the strategy described here does not require a vastly different
manner of thinking or the development of significant changes in policy. In other contexts,
bolstering resilience and developing adaptation efforts have been found to work best when
climate change considerations are addressed in an integrated fashion along with other
considerations such as changes in population, land use, and citizen preferences. At its core,
resilience is essentially about preparing for change – change in climate but also changes in other
factors that have important influences on resource and hazards management (HM).
Consequently, Boulder County and its various municipal governments should continue to focus
on their core objectives as articulated in their comprehensive plans and HM plans. The challenge
of climate change is not to engage in an entirely new planning effort on top of the already
significant municipal planning efforts underway. Rather, the challenge is to integrate climate
change among other concerns into ongoing planning efforts by city and county governments.
Simply put, climate change is an additional factor that might affect county and municipal
planning, policy, and operations. This is particularly relevant in considering decisions with longterm consequences or major investment requirements, like water supply planning or significant
infrastructure investments.

7.2 Principles of Climate Resilience
This section provides strategic-level advice for managing the impacts of climate change in
Boulder County. The purpose of these principles is not to suggest specific actions or policies but
to provide a perspective generated from the state-of-the-practice in climate change adaptation.
Ask the climate question. All the agencies examined for this plan are largely accomplishing
their organizational objectives at present. Some agencies, however, do not consider climate at all
in their decisions, while others consider current climate variability only but do not consider
change in that variability over time. To ensure that the impacts of climate change are taken into
account, these agencies need to incorporate the practice of asking the climate question in all
management, planning, and policy activities. Asking the climate question essentially entails
considering if and how current weather and climate or projected future changes would affect the
objectives of an agency or the resource it manages.
Promote adaptive management. Many of the actions of individual departments and agencies
reviewed for this report indicate a strong commitment to adaptive management. Rather than
making a decision or crafting a plan and following it reflexively, adaptive management entails
reviewing policies and plans during implementation to take into account changes in many factors
that could affect the ability of the prescribed actions to accomplish the stipulated objectives.
With respect to climate change, an agency should strive to monitor climate conditions and
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impacts on climate-sensitive resources and be prepared to consider changes in management
between specified plan or policy updates, if warranted.
Ensure flexibility. As a result of uncertainties regarding the magnitude and the timing of climate
changes, and because the climate is likely to continue changing for many decades, flexibility is
critical in the design and implementation of policies and in planning. Departments that deal with
climate-sensitive resources already pursue flexible policies to account for drought years as well
as wet years and extremes in both heat and cold. The assumption is that conditions will
eventually return to normal. Climate change adds the possibility of so-called normal conditions
changing. It is therefore critical that flexibility be built into year-to-year and multi-year
timeframes to enable policies to evolve as the climate and other conditions change.
“Mainstream” adaptation. Rather than create an entirely new or parallel set of programs and
policies to cope with climate change, it would be better to incorporate consideration of climate
change into existing decision-making, a concept known as mainstreaming. Many of the natural
resources and human systems that will be affected by climate change in Boulder County are
already heavily managed systems. Where established agencies already are making climatesensitive decisions or could be retasked to do so, they are the best starting point for
mainstreaming climate change. Working with existing institutions to integrate climate
considerations leverages existing resources, requires minimal resources to implement, avoids the
disruption that reorganization can create, and generates less opposition than does creating new
institutions.
Learn from best practices. Many departments within city and county governments are already
managing the effects of existing climate variability, while others have begun to actively prepare
for climate change. Departments that have not already begun to consider preparing for climate
change impacts to the resources they manage or their objectives should start by examining how
their own staff already employ a variety of methods to adapt to climate variability. For example,
emergency managers are prepared every year to deal with a wide variety of natural hazards as
well as the occasional extreme event; those same principles could be used in dealing with longterm trends. In addition, departments can review actions taken by other city and county agencies
and look for lessons learned and policy innovations that can be applied to other departments. The
City of Boulder’s water utility has engaged in extensive scientific analyses of the impacts of
climate change on water resources. It makes sense for other agencies to learn from the
experience of this department before committing to a particular course of action.
Remove barriers to adaptation. Many existing laws, programs, policies, and management
approaches were put in place assuming that climate does not change over the long-term. As a
result, some of these approaches can function as barriers that discourage or prohibit adaptation to
a changing climate or promote behavior that increases vulnerability to climate change. For
example, the Colorado State Division of Wildlife’s designations of noxious weeds could
constrain city and county government weed management decisions as climate changes. It is
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critical that agencies can recognize the barriers inherent in possibly outdated management
approaches that constrain the variety of options available to best manage the impacts of climate
change. As noted in Chapter 6, open space managers at Open Space and Mountain Parks
(OSMP) and Boulder County Parks and Open Space (BCPOS) have recognized the barrier of
managing for species-level objectives and have begun to consider using habitat-level objectives
instead.
Recognize the scales at which decisions are made. Adaptation decisions will have to be made
at multiple geographic and decision-making scales involving federal and state agencies, Boulder
County, and individual municipalities, as well as the private sector, nongovernmental
organizations (NGOs), and individuals. Although Boulder County, the City of Boulder, and other
municipalities should first and foremost support their own adaptation activities, such as those
described in Chapters 3–6, they should also enable each other as well as the private sector,
NGOs, and individuals to plan for climate change and take adaptive actions.
Recognize the need for leadership and collaboration. A county- or city-wide program to
manage climate impacts must be highly visible and promoted as a community priority. This
sends a strong signal to individual departments and agencies that adaptation is a community
priority and it incentivizes collaboration, provides responsible staff with authority, and supplies
the focus and resources necessary to make a climate resilience program successful. County
Commissioners and City Council members can provide this leadership by ensuring that
department directors are following the principles laid out in this plan.
Establish clear lines of authority. It must be clear who is in charge of working toward climate
resilience across an entire jurisdiction and within specific departments. Such transparency
promotes responsibility and accountability and ensures that someone is responsible for asking the
climate question.
Create mechanisms to address impacts that cross jurisdictions. Many climate impacts will
cross geographic or organizational jurisdictions such as property lines and different levels of
government. A climate resilience strategy should include mechanisms to coordinate across these
boundaries and with the private sector, NGOs, and other stakeholders. The Climate Adaptation
Planning Committee (CAPC), established to guide the development of this plan, is a potentially
effective mechanism for accomplishing this goal. A group like the CAPC should be formally
recognized and meet regularly to oversee the implementation of this plan’s recommendations.
Involve stakeholders. Those affected not only by climate change but also by departmental
decisions made in light of climate change should be involved in developing policies to manage
impacts. This will help ensure that policies meet the needs of those affected by climate change
and that those affected will “buy in” to proposed policies. Stakeholder involvement can also help
ensure policy design and implementation sensitive to the local context.
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Engage in no regrets decision-making. No regrets decisions pay dividends regardless of what
happens in the future. Making decisions that allow a department to reap benefits under a number
of possible future climate scenarios is a perfect example of no regrets adaptation. For example,
the City of Boulder has amended its code to give the city first right of purchase when ditch rights
within city limits are up for sale. This decision could allow the city to obtain more water if
needed due to future climate impacts, but even without climate change, it provides the city with
greater control over its own supplies.
Prepare for multiple possible climate futures. Although this plan provides the best available
science related to climate change impacts in Boulder County, there is still a great deal of
uncertainty surrounding changes to certain climate parameters and secondary effects. In addition,
climate science is an area of active research, and projections are being constantly refined as
scientists learn more about the climate system. This can result in changes to expected or
projected impacts. Thus, rather than looking for climate projections to provide specific guidance
on the exact nature of future changes, managers and planners should review the information
provided in this plan but also prepare for the possibility that there could be a range of future
climate conditions. A future with less overall precipitation, more fires, and high-population
growth might require a different approach than a future with more overall precipitation and more
flooding. Resilience will entail the county and its municipalities being prepared to anticipate and
react to multiple scenarios.
Use available scientific resources. Boulder is home to a number of world-class university,
federal, and other scientists who can provide a wealth of knowledge and guidance regarding
climate change and its impacts. The county and city should assign staff the responsibility of
building connections with scientists and other resources to provide updates and interpretation of
the latest science. At the same time, county and city officials should recognize that climate
science is an active area of research and should avoid assuming that research results are specific
forecasts of future changes or impacts.

7.3 Policy Recommendations
Based on our archival review and interviews in all four sectors examined for this plan, we
present our synthesis policy recommendations in this section. This includes the specific policy
recommendations for each sector as well as some additional recommendations that are crosscutting or beyond the scope of a single agency. These recommendations are intended as
immediate actions items that can help prepare Boulder County, the City of Boulder, and other
municipalities for climate change.
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Cross-cutting policy recommendations and plan implementation

During the development of this plan, numerous county and municipal staff expressed concern
that it could merely sit on a shelf and be ignored, rather than being a guiding document to be
used during planning and policymaking efforts. The following recommendations on plan
implementation and maintenance are intended to help avoid such an outcome.
Incorporate adaptation principles into comprehensive planning. The County Comprehensive
Plan is intended to provide overall guidance on land use and growth throughout the county. As of
September 2011, it is currently undergoing its first significant update in 15 years. The current set
of plan goals covers a wide variety of issues, but none of those goals explicitly mention
preparing for possible climate change impacts. Adding in overarching language instructing the
county to consider the need to prepare for the consequences of climate change could help set the
stage for further action in both land use planning and other aspects of county government.
Similar considerations could be brought to bear on future revisions of the Boulder Valley
Comprehensive Plan.
Assign a point person to coordinate adaptation activities. To ensure progress and to provide
coordination across government agencies, Boulder County and the City of Boulder should
strongly consider assigning individuals with the task of coordinating climate resilience efforts,
tracking progress, and leveraging county- or city-wide resources. Both Boulder County’s and the
City of Boulder’s Sustainability Coordinators are likely candidates to help facilitate adaptation
practices in the planning and policymaking of all relevant departments. The coordinators would
also have the responsibility of tracking progress and ensuring that climate resilience remains a
priority at various departments. Additional staff or resources might be necessary to manage this
increase in scope for these positions.
Establish a permanent CAPC. The initial CAPC was set up to provide advice on the
development of this plan. We recommend formally establishing it as an inter-departmental and
inter-governmental committee that helps coordinate relevant activities across Boulder County.
This group would be charged with tracking progress toward resilience objectives, facilitating
cross-departmental and multi-jurisdictional conversations relevant to climate and climate change,
and ensuring that planning, policy, and operations have effectively considered potential climate
impacts.
Revisit the Climate Resilience Plan. At least once a year, this plan should be assessed in terms
of its relevance to actual county and city planning and policymaking, its success in spreading
adaptation thinking to other departments, and whether the scientific information in it is up to
date. The plan should be formally updated every five years, although progress toward specific
objectives should be assessed regularly.
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Continue and expand public involvement. Continued public involvement could enhance the
overall success of the plan. The update process provides an opportunity to publicize success
stories from the plan implementation and seek additional public comment. Public hearing(s) to
receive comments on potential changes and improvements to the plan could be held during the
update period. When the CAPC reconvenes for the update, it could coordinate with stakeholders
to update and revise the plan. The plan maintenance and update process could include continued
public and stakeholder involvement and input through attendance at designated committee
meetings, web postings, and press releases to local media.
Expand sectors included in plan update. This initial climate resilience plan focused on only
four sectors. For future plan updates, it may make sense to include other sectors of interest, such
as transportation, that were not included in this effort. Engaging the public, staff, elected
officials, and others can help ensure that important issues that were not covered here receive
appropriate attention in future plan updates.
Expand communities included in plan update. This initial climate resilience plan focused on
the City of Boulder and Boulder County government agencies and management responsibilities.
There are a number of other municipalities in Boulder County that could benefit from being
included in future plan updates or engaging in more specific vulnerability assessment efforts.
While many of the larger municipalities may be able to gather much of the needed information
from what is included here, there are a number of unique communities throughout the county that
may face significantly different types of issues – such as small mountain towns or
unincorporated agricultural areas.
Expand community-wide education and outreach. Educate the public and elected officials
about the uncertainties inherent in climate change and climate change projections and set the
stage for potential discussions about how to consider updating county and city policies to
improve adaptation.
7.3.2

Sector-specific policy recommendations

The following recommendations come directly from each of the sector chapters. For a more
detailed description of each of these recommendations, please refer to the identified chapter.
Water supply (see Chapter 3)


Create a climate adaptation learning network for water



Provide a means to translate and communicate climate science



Plan for a variety of different climates
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Ensure funding and support for no regrets projects



Provide a forum for community dialogue on water and climate



Coordinate with EM officials



Develop source water protection policies



Prepare for the consequences of severe wildfires on water resources



Continue public outreach on reliability criteria



Prioritize BCPOS investments in water-efficiency improvements.

Emergency management (see Chapter 4)


Continue to reduce vulnerability to hazards through the implementation of mitigation
recommendations within mitigation plans and master plans



Incorporate climate change considerations in the next update to the Multi-Hazard
Mitigation Plans for the City of Boulder and Boulder County



Incorporate recovery mitigation considerations in the next update to the Multi-Hazard
Mitigation Plans



Continue recovery planning effort that is underway



Continue to enhance the flood detection network



Continue Boulder’s EM efforts for process improvement and self-assessment



Hire a full-time Community Wildfire Protection Plan (CWPP) coordinator



Adopt and implement the City of Boulder critical facilities and mobile populations
ordinance



Continue to enhance city and county floodplain management programs through
participation in the National Flood Insurance Program’s (NFIP’s) Community Rating
System (CRS)



Evaluate the possibility of including higher regulatory standards for critical facilities
protection in the county’s floodplain management ordinance



Continue to prepare studies that will facilitate rapid recovery from floods and wildfires.
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Public health (see Chapter 5)


Develop a comprehensive county recovery plan



Enhance community public health partnerships to address climate change



Advocate for consideration of public health impacts in other climate change-related
decision-making arenas



Encourage viewing climate change in terms of specific challenges and impacts.

Agriculture and natural resources (see Chapter 6)


Convene a multi-agency work group to coordinate resource management strategies across
jurisdictional boundaries



Promote and foster biodiversity and ecological resilience to reduce species vulnerability



Expand and enhance monitoring networks for climate data



Reassess acquisition priorities



Ask the climate question in system-wide management plans



Prioritize information transfer on climate change issues.

7.4 Recommendations for Future Study
Based on our archival review and interviews in all four sectors examined for this report, we
present our synthesis recommendations for future study. Many ideas and suggestions developed
during the course of our research were judged premature for immediate policy action, but are
included in this section as possibilities for further study or research. This includes the specific
research recommendations for climate science, for each sector, as well as some additional
recommendations that are cross-cutting or beyond the scope of a single agency or sector.
7.4.1

Cross-cutting and government-wide recommendations

Beyond the specific recommendations for further research outlined in each sector chapter and the
science chapter, a number of cross-cutting or government-wide recommendations for future
study were identified that were either relevant to more than one sector or could not be
implemented within the confines of a single sector.
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Specific implications of climate change scenarios on frequency and magnitude of fire and
floods. In addition to having perhaps the most significant impact on lives and property, natural
disasters affect the operations of most departments in the City of Boulder and Boulder County.
More specific research on how fires and floods, perhaps the most climate-sensitive and
destructive natural hazards in our area, might change in the future could guide EM and a variety
of planning efforts.
Sociological research on residents’ perception of climate hazards, level of concern, and
level of awareness. In addition to technical studies based on physical science, the county and
city could greatly benefit from an understanding of how citizens perceive risks from future
climate change and their tolerance for taking steps to address those risks. A study of baseline
attitudes could also help the city and county better understand the effectiveness of their efforts to
get residents involved in adaptation.
Economic implications for the county and city of various disasters, potentially using the
HAZUS-MH model developed by the Federal Emergency Management Agency (FEMA).
Existing modeling software makes it relatively easy to understand costs of various disasters.
Using such software to focus on Boulder County impacts could help prepare resources for
disaster planning and recovery.
Evaluation of best practices from climate resilience and adaptation plans in other
jurisdictions. A number of similar-sized cities and counties have implemented or begun to
implement adaptation planning efforts. Have those been successful? What best practices can
Boulder learn from other jurisdictions? The county’s existing participation in an effort among
Intermountain West cities can help and should be encouraged, but much more information is
available.
Develop a set of metrics to measure progress and potential success in Boulder’s climate
resilience efforts. As with any new effort, it is important to set standards for understanding
whether or not climate resilience planning efforts in Boulder are succeeding. Because resilience
planning requires preparing for impacts that have not yet happened and can be difficult to
measure without long-term indicators, the city and county should work with adaptation experts to
understand how to define success and monitor for both climate change impacts and the
effectiveness of city and county preparations and responses.
Implications of climate change on natural vegetation. Natural resources management and EM
will benefit from an understanding of the implications of climate change on natural vegetation.
Much of this understanding likely can be gained from the published results of ongoing and future
research, but some studies specific to Boulder County might be beneficial.
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Sector-specific future research recommendations

The following recommendations come directly from each of the sector chapters. For a more
detailed description of each of these recommendations, please refer to the identified chapter.
Overview of Boulder County climate and change (see Chapter 2)


Continued and enhanced monitoring of climate in Boulder County



Calculation of high-resolution maps or geographic information system (GIS) layers of
changes in derived climate fields



More modeling on potential impacts on vegetation including analysis of ecosystem
productivity and biodiversity



Research into future climate impacts on winds.

Water supply (see Chapter 3)


Additional research on water-quality impacts from climate change



Periodic assessments of the state of science on climate change impacts to precipitation
and severe storms



Leverage Joint Front Range Climate Change Vulnerability Study and other resources to
develop more specific vulnerability analyses for specific water supply entities



Examine case studies of other water supply entities around the country that have
developed approaches to planning for uncertain futures.

Emergency management (see Chapter 4)


Further research and modeling on economic impacts from disasters



Continued research, monitoring, and information on climate change impacts



Continue to update floodplain maps and flood studies



Evaluation of design rainfall in the context of climate change



Evaluate the impacts of climate change on transportation infrastructure



Inventory, analyze, and quantify urban forest benefits in the City of Boulder



Further study of El Niño and La Niña cycles and their implications for Boulder County.
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Public health (see Chapter 5)


Extreme heat impacts and extreme heat program needs assessment



Qualitative ranking of potential new health stressors attributable to climate change



Evaluate results of research from National Institutes of Health (NIH) mental health grants
and/or other areas of climate change impacts to mental health study.

Agriculture and natural resources (see Chapter 6)


More research on the regional impacts of climate change on natural resources



Investigate challenges to using controlled burns under a climate-altered future



Consider the role of climate in integrated pest management



Examine increasing the flexibility of agriculture practices



Consider increasing the flexibility in mandates and regulations



Investigate the potential competition for land under climate change



Consider the potential efficacy of public outreach regarding climate change.

7.5 Conclusions
As simple as it sounds, a core element of climate change resilience planning is getting started.
The climate is already changing and impacts are becoming increasingly evident. However, some
uncertainties about future climate will always persist. Many organizations consider climate
adaptation efforts but come to a standstill in light of this fact, concerned that uncertainty makes it
too difficult to take action. However, deciding not to act is in and of itself a decision to accept
the potential risks associated with the status quo. In many cases, substantial progress can be
made on reducing the vulnerability of human and natural systems by engaging in common sense
and cost-effective policy and research such as the recommendations included in this plan.
Through this effort to prepare for the impacts of climate change, Boulder County and the City of
Boulder have shown leadership on adapting to a changing climate just as they have already
showed leadership on mitigating greenhouse gas (GHG) emissions.
City and county managers dealing with natural resources and human systems sensitive to climate
change need to begin implementing the recommendations contained in this plan to begin the
process of understanding and managing the risks and opportunities posed by climate change.
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Recall that the purpose of this report is to “assist county and city departments that manage
climate-sensitive resources and assets to achieve their departmental objectives in the face of
challenges posed by anticipated future changes in the climate of Boulder County.” This plan
is intended to identify the potential impacts of climate change, to explore the implications of
these changes in the context of resource management institutions, and to outline opportunities for
adaptation planning efforts. It should serve as a resource for county and municipal planners as
they integrate climate change, in addition to other concerns, into their ongoing planning efforts.
Once adopted, however, this plan faces its most critical test – implementation. While this plan
contains useful information and many worthwhile policy and research recommendations, each
agency or department with authority over one of the sectors included in this plan will need to
decide which action(s) to undertake first. We recommend using the Principles of Climate
Resilience Section 7.2 to guide implementation. Asking the climate question, mainstreaming
adaptation, and no regrets decision-making may be the easiest and lowest risk ways to begin plan
implementation. Assigning a point person to coordinate adaptation efforts, track progress, and
leverage county- or city-wide resources may also facilitate implementation by establishing clear
lines of authority, facilitating the diffusion of best practices, and facilitating collaboration.
As a final note, the reader should recognize that this plan is a starting point for further work. It is
not intended to be the end of climate resilience planning in Boulder County and the City of
Boulder, but rather an outline for making progress. Instead of dictating a comprehensive climate
change adaptation policy, this document is intended to expand the focus of attention of resource
managers, management administrators, and elected and appointed officials within and across
departments and between and across levels of government. In the end, it is most effectively used
as a resource to bring climate considerations to bear on the everyday management, planning, and
operational decisions of city and county decision-makers.
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A. 2012 Public Feedback Comments and Responses
These comments were compiled from 12 survey responses representing the communities of
Boulder, Lafayette, Longmont, Louisville, and Nederland; public input at two community openhouse meetings held in Boulder and Longmont; direct email from ten individuals and businesses
representing Allenspark, Boulder, Longmont, and Niwot; and notes from a Climate Adaptation
meeting at Boulder Chautauqua. The source for each response is indicated in parentheses at the
end of each statement. Survey respondents had multiple opportunities to comment. Therefore
some comments similar in content might have been contributed by a single individual in
response to different questions.
At staff’s discretion, some lengthy comments have been divided into different response
categories (support, suggesting improvements, questions, etc.) so that answers could be tailored
for clarity. Spelling, punctuation and grammar within each comment submitted online have not
been changed.
Responses were composed by Boulder County sustainability staff with assistance from Stratus
Consulting. These responses were also reviewed by members of the Climate Adaptation
Planning Committee, assembled in 2011 to provide plan support. Committee members are listed
Appendix B.

A.1 General Comments in Support


Glad to see Boulder County taking on adaptation planning. No regrets. Thanks for the
foresight. (Boulder open-house meeting)

A.2 General Comments in Opposition


After decades of master planning, why is any of this necessary on top of all the studies
and manpower taxpayers already have supported? The entire report reads like a “make
work” project that’s totally unnecessary and a call for an even more expanded
government bureaucracy that’s far too big already. (Online survey)



I expect the current administration to manage water supply and fire-fighting capabilities.
Flood danger is nearly non-existent for me and most others. This report is a complete
waste of taxpayer money. (Online survey)



I think this whole thing is an incredible waste of time money and energy. (Online survey)

SC12586

Stratus Consulting



Appendix A (5/3/2012)

Even with the release of the 2009 Climate gate emails, officials of Boulder County persist
in believing that man-made global warming is happening. The earth’s climate may be
warming or it isn’t. It hasn’t been scientifically proven but Boulder County is in lockstep
with the alarmist that it is because of man. So the county will set up a commission and
fund it because the lie has been stated multiple times that it is accepted as fact, when it
hasn’t been proven either way. The money could be better spent on roads and other
projects that will benefit all the residents of the county. A great article to read is in 27 Jan
12 Wall Street Journal: No Need to Panic About Global Warming. Very informative, alas
you won’t because your minds are made up and no logic or scientific facts will ever
intrude on you beliefs. (Online survey)
Response: The analysis of the global temperature record done by the University of East
Anglia group (the research group accused of misconduct in “climategate”) has been
confirmed by the Berkeley Earth Surface Temperature project, and is in accordance with
both previous analyses done by NASA and NOAA. All four analyses confirm that the
Earth is indeed warming. The steadily accumulating scientific evidence is that natural
explanations alone are not enough to explain the observed warming, and that fossil fuel
emissions and other actions of humans are the major cause. Please note that a rebuttal to
the Wall Street Journal editorial was published on Feb. 1, 2012.



It seems inappropriate for government to try to determine climate 50 years in the future.
(Longmont open-house meeting)
Response: The current state of the science supports making projections of Earth’s
climate over the next 50 years. As noted in the report there are varying degrees of
confidence, depending on whether the projection is for temperature or precipitation.
Because of the uncertainty, the focus of this report is on reducing the vulnerability of
Boulder County to the general features of climate change that are anticipated, not to any
single model’s prediction.



Is this an excuse for government takeover or eminent domain in the name of common
good? Liberties are threatened. (Longmont open-house meeting)



Concerns about county regulations that restrict use of genetically modified organisms,
etc.: “Is this an excuse for new regulations?” (Longmont open-house meeting)



Yes, we do have some very expensive plans in this county! Agenda 21 – along with your
“Climate Change” theory. (Boulder open-house meeting)



Re: cost of plan development: Need to be careful how we spend our money and be aware
that some are hurting financially. (Boulder open-house meeting)
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Global Warming and this whole “Green Thing” is a hoax and a scam. Designed to enrich
Al Gore as an individual and the Democrats in General. Also an excuse to exercise
liberal/socialist agendas. (Email)
Response: The scientific consensus is that the Earth is warming, that natural
explanations alone are not enough to explain the observed warming, and that fossil fuel
emissions and other actions of humans are the major cause. If emissions continue, the
Earth will continue to warm and other aspects of the climate including the hydrologic
cycle, will continue to change. This consensus is held by the vast majority of scientists
who study the Earth’s climate. Furthermore, this conclusion is based on the steadily
accumulating body of scientific evidence.



You folks are looney!!! You should take your rime and brain power to figure out a way to
drive in Boulder between 11 and 2 PM. Or better yet, figure out a way to fence off the
whole town and keep all you loonies from tainting the rest of the county. Everyone in
Boulder County would benefit from that!!!! (Email)



A divide is seen between city (of Boulder / government) and county control: “Everything
you (government) do crashes down on the little people. We’re ready for a fight.”
(Longmont open-house meeting)

A.3 General Comments Suggesting Improvements


One factual change you might make is to the mention of the Colorado Open Space
Association. It is the Colorado Open Space Alliance. (Email)
Response: Corrected.



Should enhance departments that exist. (Boulder open-house meeting)
Staff response: Coordinator to link current plans.



How is “housing” in the plans? (Boulder open-house meeting)
Response: Not all sectors were included in this version of the plan, which includes water,
health, emergency management, and natural resources only. We do recommend including
additional sectors in future versions of the plan as a recommendation in Section 7.3.1.
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Could be a Colorado-wide project. (Boulder open-house meeting)
Response: The Climate Change in Colorado and Colorado Climate Change
Preparedness Plans, written by the Western Water Assessment for the state of Colorado,
are first steps in that direction.



Change indicators to plan for climate change: Help to measure a warmer end point.
(Boulder open-house meeting)
Response: Climate monitoring is discussed in the Policy Recommendations of the plan.



Need prioritization and metrics to measure progress for each recommendation:
Recommendations are too soft without metrics. (Boulder open-house meeting)
Response: Metrics development was not part of the initial plan development.



What’s the regional integration? Boulder County prepped (prepared) without the cities
involved is less effective. (Boulder open-house meeting)
Response: Regional integration is recommended in Section 7.3.1.



Don’t believe a point person adds enough value unless there are projects (funded) in
place to coordinate. Get cross department commitment first. (Boulder open-house
meeting)
Response: Both aspects seem important and are recommendations in Section 7.3.1.



Need to study housing adaptation for your projected temperatures in 2050. (Boulder
open-house meeting)
Response: Additional sectors are a recommendation in Section 7.3.1.



Where are cost estimates for implementing the plan? (Longmont open-house meeting)
Response: Cost estimates were not a part of initial plan development.



Expand to other communities soon, including other groups such as agricultural interests,
etc. (Longmont open-house meeting)
Response: This is recommended in Section 7.3.1.
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How will this plan / these recommendations affect or restrict farmers’ or landowners’
water rights or property rights? (Longmont open-house meeting)
Response: It is not anticipated to have any legal ramifications on property rights.



We’d still like to insert something about beachwear. (Editorial comment, Boulder
Weekly)
Response: Sea level rise projections are not that catastrophic.

A.4 General Comments, Neutral


Many people are focused on living and not preparing for emergencies. Many would be
unprepared, so being extra prepared might not help for long in the case of a major climate
change event that affects multitudes in the vicinity. Hopefully we can all be sufficiently
prepared together to adapt to climate change. However, we are not sure what that means
exactly: anything from more sunscreen to a more fully self-sustaining off grid lifestyle
(rugged individualism). Hopefully we can grow to understand what interdependent
survival of catastrophe entails. (Online survey)



Best way to prepare for climate change will be to work together to prevent it? (reduce
fossil fuel use in transport, building and home energy use, etc.) (Online survey)
Response: Most scenarios of global fossil fuel use and greenhouse gas emissions still
lead to a significantly changed climate by 2050. This report is about reducing the
vulnerability of Boulder County to these potential changes. It was not within the scope to
study reduction of greenhouse gases.



Can’t decide what the county / politicians will do. (Longmont open-house meeting)



Scientists who take an opposing view to climate change are minimized or ostracized.
(Longmont open-house meeting)
Response: We provided an objective report on the state of the science as evidenced in
peer reviewed publications.



Boulder County’s preparedness is OK – it’s already done. (Longmont open-house
meeting)
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Comment: “Climate change may or may not happen.” (Longmont open-house meeting)
Response: The scientific consensus is that the Earth is warming, that natural
explanations alone are not enough to explain the observed warming, and that fossil fuel
emissions and other actions of humans are the major cause. If emissions continue, the
Earth will continue to warm and other aspects of the climate including the hydrologic
cycle, will continue to change. This consensus is held by the vast majority of scientists
who study the Earth’s climate is based on the steadily accumulating body of scientific
evidence.



Climate change might not happen. (Longmont open-house meeting)
Staff response: Staff recommends looking at the plan in terms of “no regrets.” Whether
climate change happens or not, these are decision we make now and that have to work
now.



Definition of Climate Change or climate disruption or global warming. (Longmont openhouse meeting)
Response: Global warming is the first way climate change shows up and the most
recognized. The term has been broadened, because other aspects of the climate change,
too, like the hydrologic cycle. We have not used the term “climate disruption” because it
is not commonly used in the scientific literature.



Is climate change a bad thing? (Longmont open-house meeting)
Response: Scientists don’t say “good” or “bad.” It is the role of science to understand
how climate may change, and the objective consequences that this change will have.



Is climate change anthroprogenically caused? (Longmont open-house meeting)
Response: The scientific consensus – based on an increasing body of scientific evidence
– is that the climate is warming and natural explanations alone are not enough to explain
the observed changes. It seems likely fossil fuel emissions and other actions of humans
are the major cause, and that if we continue the trends in emissions, there will be more
warming. Other factors do cause the climate to change, such as changes in the sun,
volcanic dust, and changes in the earth’s orbit over many millennia. All these factors are
considered in the scientific analysis.



Top 2: My Vote: Water: Protection and Efficiency; Emergency Management: Multihazard mitigation and critical facilities with climate adaptation strategies; Public Health:
Comprehensive recovery plan; Ag: Reassessment of acquisitions. (Boulder open-house
meeting)
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A.5 Process Comments


When will the Board of County Commissioners discuss the Climate Change Preparedness
Plan? (Longmont open-house meeting)
Staff response: The Plan will be considered at a public hearing in the spring of 2012. As
with all public hearings, the meeting will be promoted through the County’s official
notice channels. Those individuals who provided contact information during the comment
process will receive additional notification.



What did the plan cost the taxpayers? (Longmont open-house meeting)
Staff response: Through an open bidding process, the County awarded a contract worth
$75,000 for plan development. $50,000 was from the County’s general funds; the
remainder was contributed by the city of Boulder.



Was plan development competitively bid? (Longmont open-house meeting)
Staff response: Yes. The bid number was 5354-10.



Were bidders from only Boulder County? (Longmont open-house meeting).
Staff response: No. Bids were received from across the U.S.



Meeting improvement: Clarify public feedback rather than defend your recommendation
(RE: Point person to facilitate interdept. Communication) (Boulder open-house meeting)
Staff response: This practice was implemented in the Longmont meeting.



This document may assist you in the wildlife planning aspects of the BOCO plan. Draft
National Fish, Wildlife and Plants Climate Adaptation Strategy Released. A partnership
of federal agencies and other organizations, co-led by the U.S. Fish and Wildlife Service
(FWS), National Oceanic and Atmospheric Administration (NOAA), and the Association
of Fish and Wildlife Agencies (AFWA), released the first ever “National Fish, Wildlife,
and Plant Climate Change Adaption Strategy” in January, 2012. The strategy, prepared
by federal, state, and tribal representatives, marks a historic step in helping decision
makers and resource managers better plan for and reduce the impacts of climate change
on native wildlife and the people and economies that depend on them. (Email)



Thanks for sending along this information. I have not had a chance to read the draft plan
in any detail as yet. I would have liked to have gone to the open house for the plan that
was held in Longmont but we had a 747 Community project meeting in Allenspark that
evening. (Email)
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Planning for potential impacts from climate change is good. However, I would hope the
county folks don’t get too carried away in that, as the consultant pointed out, there is
considerable uncertainty in the modeling projections. (Email)



Also, the report is 134 pages in length and was probably a year or more in preparation by
the consultant. Expecting the public to digest that much information and provide
meaningful feedback at the open houses with a maximum of eight days’ notice seems a
bit unrealistic. Accepting input online until Feb. 24 is better, but still seems like a too
brief of time. I would suggest that a couple of more well-advertised public meetings
might be advisable. (Email)

A.6 Testimonials


Having lived through 2 major earthquakes, I’m aware of the need for 72-hour
preparedness it’s the sensible thing to do. (Online survey)

A.7 Water Supply


All research should be directed with the guidance and cooperation of the Boulder Creek
Watershed Workgroup and include other applicable agencies and shareholders in this
Workgroup. (Online survey)
Staff response: The Boulder area is blessed with several experienced water resource
managers. Many were involved with plan development, and more will be included as plan
recommendations are implemented.



Hydrofracking was barely mentioned in the draft, and the emissions from oil and gas not
mentioned at all, nor the water consumption (order of 5 million gallons per frack). We
now have substantial evidence of water-quality damages from spills in Colorado. The
draft needs to be amended to reflect that, This research needs to be done before the plan
can be considered meaningful. (Online survey)
Response: This report focused on identifying areas where climate change could pose
greater challenges for management of resources within the county and city. Although
hydrofracking may have effects on water quality and greenhouse gas emissions, it is not
directly connected to climate change impacts on water resources and thus was not
addressed in this plan.
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Any policies should be coordinated through the Boulder Creek, St. Vrain, and South
Platte Watershed Workgroups. (Online survey)
Staff response: Local water management groups will be involved in implementation of
plan recommendations.



With fracking coming to the forefront in our discussions, water supply, water
contamination, leaks and spills of fracking fluids and the effect on public health should
bring this to the top of the list. Drilling for oil and natural gas is implicated as causing
great harm to people, wildlife and to vegetation. Nowhere in your plan do I see this
addressed. Fugitive emissions from the Frack and condensate tanks is further
exacerbating global warming. Methane is a much worse GHG than CO2. Oil and gas
drilling and agriculture do not mix – nor does siting wells by water sources. The latest
study by NOAA of air quality in Erie shows that air pollution in that area is worse than
LA. If Boulder County allows oil and gas companies to frack the hell out of Boulder
County, we can expect ozone levels that will burn holes in our lungs and compromise the
health of the public. How will Boulder County respond to oil and gas leaks, explosions,
etc.? Will our COGCC save us? You should be aware that the Colorado Oil and Gas
Conservation Commission is a useless organization that has not protected the health,
safety and wellbeing of Colorado Citizens – they are in business to promote more drilling
– at our expense. If each frack takes 5 million gallons and each well can be fracked up to
30 times, we are going to be very thirsty indeed. If they fulfill their wish to drill
100,000 wells, our already over-allocated water supply will disappear and they will be
sending natural gas to China at our expense. Can we drink natural gas and oil? We can
live without oil and gas but not without water. This type of drilling is horrible tragedy
and will imperil us all. (Online survey)
Response: This report focused on identifying areas where climate change could pose
greater challenges for management of resources within the county and city. Although
hydrofracking may have effects on water quality and greenhouse gas emissions, it is not
directly connected to climate change impacts on water resources and thus was not
addressed in this plan.



It is necessary to consider the water consumption use in fracking which will be taken out
of the hydrologic cycle in this industrial process as well as the emissions from oil & gas –
directional/horizontal fracking creates 3-4 X the amount of VOCs (now detectable in
Denver air-quality monitoring) than vertical fracking. Methane is of special concern.
(Online survey)
Response: This report focused on identifying areas where climate change could pose
greater challenges for management of resources within the county and city. Although
hydrofracking may have effects on water quality and greenhouse gas emissions, it is not
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directly connected to climate change impacts on water resources and thus was not
addressed in this plan.


As I understand this plan it was to begin to evaluate broad considerations and not
specifically make recommendations to each department that could be impacted but there
are a couple of areas that the study didn’t mention that I would like to suggest. Given the
passion and education surrounding these issues I would like the city to consider different
ways the community could form a partnership with the city to test specific approaches to
improving our resilience to specific issues. I will give an example but only do so to
demonstrate the larger point and would encourage people not to focus on the details of
the specific example. Example: It seems to reason that each person requires less water
than the city gains more flexibility on how it uses its limited water supply so conversing
water is one approach to insuring everyone has enough water. The city with the
community’s help could perform several tests of water conserving technologies that
spanned simple to complex and small to large. To insure openness the participants would
agree to a 3rd party such as the University to monitor their progress. A specific example
may be selecting 100 different participants to install and test gray water systems. The
individual would bear the costs, the city would allow exceptions in permitting, provide
basic information and the university could publish results that have had statistical
analysis applied to them. The idea would be to run dozens of these tests continuously so
technologies and approaches could inform future policy and participants. It would also
help describe actual costs and benefits. Simple approaches such as these may be able to
provide several different options based on real world local testing. They would also
create an environment of collaboration between individuals and several different
government agencies. (Online survey)
Response: The City of Boulder has a robust water conservation program that has
already exceeded many of the demand reduction goals set in 2000. In addition, while
water conservation in some instances can improve resilience to drought, the setup of
Boulder’s water supply system means that savings during the “direct flow” period during
spring snowmelt do not lead to greater supply later in the year. Thus water conservation
in the face of a drier future is a complex issue, but nonetheless one that is well considered
in the City of Boulder’s water planning efforts. More general comments about water
conservation have been added to the plan text.



How will water tables be affected – for well users? (Boulder Chautauqua presentation)
Response: This very good question was not studied during the process of developing the
plan. Impacts on local wells will likely be affected by local factors, such as precipitation,
changes in demand, and geology.
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Are high limitations on wind generators any problem (for pumping)? (Boulder
Chautauqua presentation)
Response: This question was not studied during the process of developing the plan. Any
issues with wind-powered pumps likely need to be considered in the context of specific
well depth and size.



Discussion turned to the 1922 Colorado River Water Pact. “Snowpack is our biggest
reservoir.” (Longmont open-house meeting)
Response: This was a factual question raised during the public meeting discussion. The
consultants responded during the meeting; the question did not imply changes needed in
the plan.



The city of Boulder’s “First right of refusal” on water rights for sale seems onerous.
(Longmont open-house meeting)
Response: The text in the plan refers to a policy already in place as of City Council’s
passage of Ordinance 7816 in 2011. The Climate Change Preparedness Plan does not
recommend changing the ordinance, it is mentioned in the text as an example.



Would another reservoir make sense? (Longmont open-house meeting)
Response: This comment is very general and can only be answered in the context of
individual water systems. The City of Boulder does not currently have plans to build
additional storage.



Where does snowmelt go? Has Colorado harnessed all the water it can? (Longmont openhouse meeting)
Response: This is being studied now; more storage might be needed.



What is the use of adding storage? Water, if unused or stored, just moves to other
communities. (Longmont open-house meeting)
Response: Storage is used to allow water supply entities to provide more consistent
amounts of water to customers even during dry periods of the year. Although water
flowing downstream is often used by other entities, individual water suppliers have to
consider what they need to meet demands.
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Water quality source measurement / testing quality? Protect water quality in this area.
(Boulder open-house meeting)
Response: Water quality and climate issues are addressed in Sections 3.2.2, 3.3.7, and
3.3.8.



Vulnerability of water sources? (Boulder open-house meeting)
Response: The City of Boulder conducted a 2009 study of the vulnerability of its water
supply system, and both Boulder and Longmont participated in the Joint Front Range
Vulnerability Study released in February 2012.



Included commentary appears heavily dominated by City of Boulder references, and
further, on the opinions of 1 ‘staff’ member. (Email)
Response: The City of Boulder’s planning documentation for water vastly outweighs
those of any other water supply entity in the County. It was referenced partly to point
other water supply entities to make use of that documentation. The interview with City
utility staff was with two members of staff.



Completely Supply Oriented, No mention of urban efficiency or demand mgmt. (Email)
Response: The chapter is not completely supply oriented, but this comment is a reminder
that recommendations relevant to the City of Boulder, which has both significant
conservation and less need for it, should not overwhelm the chapter.



States there will be increased landscape water use due to climate change, but does not call
for any adaptation (different plants, more efficient irrigation, etc.). (Email)
Response: More efficient water use on County agricultural land is called for in
Section 3.3.10, but additional mention of the potential value of conservation is
warranted, per the comment.



While a directive that water providers should ‘Operate Cost Effectively’ there is no
mention of cost/benefit criteria to determine such, and again, no mention of historicallycheaper conservation/demand management, or reuse options. (Email)
Response: The phrase “operate cost-effectively” refers to a goal laid out in the City of
Boulder’s Water Utility Master Plan, not a directive in this document. Chapter 3
describes how climate change could affect that goal. In a new Section 3.2.6, the chapter
now mentions that investing in conservation could prevent the need to make other costly
investments.
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No mention of the role of ‘Scenario Planning’, now seen as the most promising technique
for water providers to engage in dealing with changing climate. (Denver Water; Carpe
Diem Project). (Email)
Response: Planning for multiple futures is mentioned on p. 3-10 and p. 3-15. However,
mentioning scenario planning explicitly and directing the reader to resources is likely
worthwhile.



Comments to the effect that More storage and therefore, diversions, will be needed.
However, this results in LESS streamflow. Is this a community goal of the County?
(Email)
Response: The text in Chapter 3 does not say that more storage and diversions will be
needed, it just says the city and other municipalities may want to engage the public in
discussions about a variety of options to meet future challenges, which may include more
storage.



Report states that ‘Boulder water managers are ‘comfortable’ w/ adaptation abilities, but
doesn’t define who these managers are (see comment #1). Does this represent a survey of
top water staff? The appointed representatives on the Water Resources Advisory Board?
City Council (who makes ultimate decisions?) Yes, during the ‘02 drought, Boulder
saved water, but at what Community cost? landscape asset cost? Community goodwill? It
is helpful to recall that the community/WRAB-driven effort to adopt a water budget
approach was adopted after the ‘02 drought, in part from the communities response to
‘inflexible’ City directives. (Email)
Response: The text actually reads “city water managers are currently comfortable with
their ability to use existing supplies…even under very unusual drought circumstances.” It
is clear in the text that this refers to managers, not Council or the WRAB. It also does not
refer to adaptation in general. Issues related to community concerns that occurred in the
wake of the 2002 drought are addressed in Section 3.3.9.



The report states that the’ responsibility for adaptation is up to the municipalities’, but
then goes on to state that small providers don’t have any capacity. This is more of the
same. BOCO needs to model others who have worked to increase capacity, not be limited
by status quo. (Douglas County; Southern Nevada Water Authority; Sacramento Region)
Collaboration to increase capability > ability to respond > Douglas County. (Email)
Response: The plan suggests that the county facilitate mechanisms for learning and
networking among communities as a first step. A recommendation to integrate along the
lines of SNWA or Douglas County is interesting but may not be feasible given the size of
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the county and the level of water-related concerns compared with the areas mentioned in
the comment.

A.8 Emergency Management


Do emergency management plans already look at these issues? (Longmont open-house
meeting)



Better fire prevention is needed for Boulder County. (Longmont open-house meeting)



Do we need a safer Barker Dam? (Longmont open-house meeting)
Response: The City of Boulder recently completed a safety inspection of the dam.



Coordination of mitigation in recovery plans to reduce the impact of future disasters.
(Boulder open-house meeting)



Discussion turned to the City of Boulder critical facilities ordinance and 500-year floods.
(Longmont open-house meeting)



Question: How does the city of Boulder currently encourage awareness of its
participation in NFIP’s CRS? E.g. Planning board approval of land annexation for
development in a flood plain? (Boulder open-house meeting)
Response: Basic info on CRS is provided in Chapter 4, but the potential annexation of
specific parcels of land is not considered in this document.



Incorporate public health responses into a comprehensive county emergency management
recovery plan. (Boulder open-house meeting; replicated under Public Health section)

A.9 Public Health


You need to take into account the substantial impact on water supplies resulting directly
and indirectly from hydrofracking. You also need to take into account the substantial
contribution of fugitive emissions and intentional dumping of methane and other toxins
and VOCs into the local air by oil & gas. And you need to consider what BoCo can do to
prevent these impacts. (Online survey)
Response: Not directly related to climate change.
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Social safety nets must be strengthened as an adaptation technique. (Boulder Chautauqua
presentation)
Response: We suggest this in Section 5.3.2. Social safety nets aren’t mentioned explicitly,
but the intent of the recommendation aligns with this comment.



Incorporate public health responses into a comprehensive county emergency management
recovery plan. (Boulder open-house meeting; replicated under Emergency Management
section)
Response: We suggest this in Section 5.3.1.



Enhance established community / public health partnerships to address climate change.
(Boulder open-house meeting)
Response: Don’t want to limit the recommendation to partnerships that have already
been established. Will add “to address climate change” to the heading.



For the Human Health Risk Assessment Liaison: Mold and mildew counts; Pollen counts;
my apologies, I’ve found where the plan intends to address pollen counts and air quality
as an impact to human health,... 134 pages and I’d thought I had used the text search
properly. (Email)

A.10 Agriculture and Natural Resources


One section of the Boulder County Comprehensive Plan that has interesting application
to climate change is Environmental Conservation Areas (ECAs). They were developed in
the late 1980s and eventually included in the comp plan. The purpose was to develop an
integrated system of habitat core areas facilitating movement of wide-ranging animal
species and natural processes. At that time climate change was not on the radar. But they
are a good fit, as landscape connectivity will be important to allow for the slow
movement of species (plants and other organisms) upward and northward in response to
climate change. The ECA map has been used as one of the guides for open space
acquisition. (Online survey)



Farm structures are already prepared for new climates – “Farmers are probably the best
people to be looking at some of these things.” (Longmont open-house meeting)



The agricultural community should be looking at storage and efficiency already,
regardless of the source of the pressure (population growth, etc.). (Longmont open-house
meeting)
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Discussion centered on flexibility: The city of Boulder seems too restrictive about the
types of plants that are grown and the types of animals that are raised and the ways
property is used in light of threatened species. (Longmont open-house meeting)



No regrets / costs is a “no brainer.” Of course, a farmer would take climate into account.
(Longmont open-house meeting)



Farmers can plan for earlier snowmelt and hotter days by growing crops such as wine
grapes. (Longmont open-house meeting)



What would happen if Monsanto develops a drought-resistant genetically modified corn?
(The County needs to) stop restricting farmers. (Longmont open-house meeting)



Consider planting new (warmer) plants / trees / parks. (Boulder open-house meeting)
Response: Park facilities would be another sector that could be addressed in future plan
updates as recommended in Section 7.3.1. But the Ag and Nat Res chapter is focused on
the natural environment.



Consider more flexibility on noxious weeds. (Boulder open-house meeting)
Response: This is included in Section 6.3.2.



... the document may over-emphasize and somewhat mis-characterize how wildlife
biologists use what should be called indicator species or umbrella species. Ecologists
have long ago realized the issues associated with single species management. What most
of us attempt to do now is more complex. And while I understand the concept of habitat
protection, the concept introduced in the document which suggests supplanting indicator
species with some habitat indicator approach simply requires more study to be considered
for implementation. The response of wildlife populations, communities and species to
GCC is highly speculative, and I would advise caution in making strong predictions or
implementing guidance which has little study. Thank you for your efforts in developing
this plan. (Email)
Response: We leave this judgment to the professionals on city and county staff.



I served during 2011 on Cropland Policy Advisory Group (CPAG) for BCPOS. Our
charge was to develop policy recommendations for sustainable agriculture. I fully
interpret “sustainable” to mean a very long time scale, essentially forever. Unfortunately
that group had little long range view and the majority absolutely refused to even talk
about issues of cropland policy that should have considered climate change and
greenhouse gases. I did try but hit a brick wall. The county staff did not seem to feel this
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was important either since they did not support my attempts to include this topic nor to
accommodate time on their controlled agenda. I do feel however that the BCPOS
cropland policy, water policy, rangeland policy, and forest policy documents/plans
should really be looking down the road about impacts coming from climate change.
Beyond just the open space lands and their failures to think long range, I’m pleased to see
the county is looking more broadly at this issue under Planning Dept. I sincerely hope
that your efforts will try to get more of the county and local city departments and officials
engaged to see that this is an important issue. They obviously have not been concerned at
the Ag Group of BCPOS, since the Cropland Policy just approved by County
Commissioners was largely a business-as-usual policy statement with little long range
thinking. Their time horizon seemed to be no more than about 5 years. Attached is a
powerpoint presentation I sent to the county commissioners near the end of the CPAG
process, since neither CPAG nor BCPOS chose to deal with climate impacts nor to
consider what the effects of different modes of agricultural practices are currently having
on local inputs to greenhouse gas emissions. (Email; references PowerPoint available on
request from county staff)


I notice that the type of weather addressed in the plan is primarily drought, heat and flash
flooding. However, we’ve had two consecutive Spring seasons of cold and damp. Not
necessarily rainfall, but increased humidity and less warmth retained in the soil; so much
so, that crops germinated late. The long plateaus of cold and damp were followed
immediately by high heat. For the Food & Ag Liaison: Seed germination rates; Plant
development periods; Seed storage (mold, mildew); Food and feed storage; For the Food
& Ag Liaison and Ecology/Wildlife Liaisons: Impact to insect life cycles (both pest and
beneficial)…my apologies, I’ve found where the plan intends to address... to some extent
the beneficial and pest insect life cycles as they relate to other species, including plants.
134 pages and I’d thought I had used the text search properly. (Email)



Comment on the perspective that would direct water to productive lands vs. those which
are less fertile (pg. 6-18). (Longmont open-house meeting)
Response: Added clarifying language that the idea of considering shifting water to more
productive lands is only intended to refer to county-owned land.



Recommendation 6-4-4 seems threatening. (Longmont open-house meeting)
Response: Added clarifying language that the idea of considering shifting water to more
productive lands is only intended to refer to only Boulder County Open Space lands. The
county has no jurisdiction over private water rights.
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