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Cover: A bristlecone pine cross-section taken in the Great Basin 

National Park. Bristlecone pine are the longest lived individual 

organisms on the planet, but climate change and invasive species 

threatens their continued survival.

Right: a young lodgepole grows following a patch cut on Smuggler 

Mountain. Patch cuts in uniform lodgepole stands can increase age 

and stand diversity creating a more resilient forest.
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INTRODUCTION

The oldest living person in the world is Violet Brown, a 117-year old Jamaican woman. The 
oldest living animal is a Seychelles giant tortoise, named Jonathon, at 184 years old. But these 
all pale in comparison to Pinus longaeva, the bristlecone pine (shown on our cover), with one 
particular tree in the White Mountains (its location kept secret by researchers) still alive and 
well at 5,067 years old. 

This tree is the oldest living single organism to have ever lived! 

As an “infant,” this tree was around when the last woolly mammoths walked the earth! In its 
“childhood,” there was the invention of  writing and the wheel. As a “teenager,” there was the 
completion of  Stonehenge and the Great Pyramids of  Egypt. During its “middle-age” years, 
there was the death of  Buddha and birth of  Jesus. 

This tree quietly “breathed” during the landing of  Columbus in the Americas, the industrial 
revolution, the civil war, and civil rights. Now, in its “retirement years,” it is witnessing the 
information age, the Anthropocene, and now, the associated impacts of  climate change.

As our “wise elder,” the bristlecone pine is in need, not only of  respect, but also protection. It 
is yet another “canary in the mine” of  our climate changed world. 

The tree is invaluable to dendroclimatologists, because it provides the longest continual 
climatically sensitive tree-ring chronologies on the planet. Scientists use the ratios of  stable 
carbon isotopes from bristlecone pine tree rings to reconstruct precipitation regimes from 
thousands of  years ago.

Our very own Rocky Mountain population of  bristlecone pines is severely threatened by an 
introduced fungal disease known as white pine blister rust and by pine beetles. 

And as temperatures continue to increase throughout the southern Rocky Mountain range 
(beyond the 0.5–1 °C in the last 30 years), these high elevation trees have no place to go (Trees 
typically respond to temperature increases by moving to cooler, more suitable habitats, in some 
cases uphill). Consequently, the genetic diversity within the species has become a concern.  

Are we willing to lose such a connection to our history? Moreover, are we willing to lose other 
forest ecosystems through climate change related impacts such as drought, disease, catastrophic 
wildfire and insect infestation? 

Forest ecosystems support life, they provide basic ecosystem services: from nutrient cycling, 
erosion control, soil formation and water regulation to provision of  raw materials, food, and 
recreation. Simply stated, forests are the ecological foundation for plant, animal and, yes, 
your own life. Forests also play a crucial role in mitigating human-caused climate change by 
absorbing 13% of  carbon dioxide emissions.

ACES works on forest ecosystem health, education and restoration projects on a local, regional 
and national level.

We continue to lead the Hunter Smuggler Cooperative Plan, a stewardship initiative aimed at 
improving forest health, wildlife habitat, recreation and education opportunities in the 4,861 
acres of  federal land adjacent to Aspen. 

 Respect your elders



52 0 1 7  s t a t e  o f  t h e  f o r e s t  r e p o r t 5

This year, ACES, in partnership with the City of  Aspen, Pitkin County, and the US Forest 
Service, completed an 80-acre oak mastication to improve forest health, wildlife habitat,  
and reduce wildfire risk. 

Our 900-acre prescribed burn conducted last year is being studied by CSU researchers to 
determine the ecological outcomes of  the burn. 

The Forest Health Index (foresthealthindex.org) is being improved as an education tool to 
connect students to their local forests. It is also being expanded for the entire western slope  
of  Colorado. We even are working on a local tree species field guide for visitors. 

This fourth edition of  ACES’ State of  the Forest report explores the connection between our 
forests and climate change; shows how insects and tree diseases correlate with increases 
in temperature; highlights new threats to our forests; makes the economic case for forest 
protection; shows results of  restoration efforts; and offers collaborative solutions to the 
challenges our forests face. 

Most of  all, it is our hope that this report will educate citizens, policy makers, federal, state 
and local governments, and land managers to take action on forest ecosystem health and 
conservation issues.  

By respecting our elders–in this case–trees, we can learn how to protect the forest  
ecosystems critical to our own survival. 

I hope you’ll join our effort. 

 

C H R I S  L A N E ,

CEO, Aspen Center for Environmental Studies
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CLIMATE CHANGE IS PREDICTED TO INCREASE THE 

INCIDENCE OF HOT DRY DAYS IN THE WESTERN US. 

THESE CONDITIONS WILL LEAD TO AN INCREASE IN 

THE NUMBER AND EXTENT OF WILDFIRES.

Wildlands firefighter 

observes fire behavior from 

the safety of a meadow.
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This fourth edition of  ACES’ State of  the Forest 
Report includes both pressing concerns as well as 
improvements in our local forest ecosystem. Each 
year we find climate change to be one of  the most 
pervasive topics. This doesn’t come as a surprise 
and probably isn’t surprising to our readers. Climate 
influences virtually every aspect of  ecosystems, from 
single-celled bacteria and fungi that decompose 
dead plant and animal matter to the most massive 
organism on earth, a grove of  quaking aspen in Utah 
which weighs an estimated 6,600 tons.

As it pertains to forests, climate change science is 
complex. Forests are influenced by and also influence 
the climate, likely more so than any other terrestrial 
ecosystem. Forests are an integral part of  the carbon 
cycle, taking carbon dioxide from the atmosphere 
each spring and summer through photosynthesis 
and releasing it back to the atmosphere as trees die,  
decompose or burn. When forests are cut down or 
burned for agriculture or development (see p. 33 
for a more positive relationship between forest and 
agriculture), much of  the stored carbon is released 
into the atmosphere and no future sequestration 
occurs.

In the 1990s, discussions of  forests and climate 
change centered around forest protection, simply not 
cutting forests down, as a tool for mitigating climate 
change. As global carbon emissions have continued 
to dramatically increase, the paradigm shifted to 
protecting those forests from the actual impacts of  
climate change. Forests, with their practical and 
aesthetic values, were used as an example of  a 
resource that could be lost should climate change 
continue unabated. The world’s failure to mitigate 
climate change means that forest loss is no longer a 
hypothetical, but a continuing, reality.

Unfortunately, no matter what actions society takes 
at this time, there is no stopping at least 50 years of  
continued warming because 200 years of  fossil fuel 
emissions are already in the atmosphere. We are 
limited to managing and reducing its impact, which 
means that reducing greenhouse emissions is critical 
to avoid more catastrophic consequences.

The impacts of  climate change on our forests are 
already happening, whether it’s continual spikes 
in insects and disease as a response to increasingly 
frequent drought (see p. 11) or changes to our 
extremely valuable snowpack (see p. 26). The 
mountain pine beetle epidemic may have subsided, 
but in southern Colorado, a spruce beetle epidemic 
continues to expand at alarming rates (see p. 18). 
Even without trying to quantify their intrinsic 
value, forests are worth protecting based on simple 
economics. As a major source of  our nation’s water 
and drivers of  local economies (see p. 14), forests pay 
their own way. 

As an organization that works on forest restoration, 
ACES considers not only what the forests looked like 
150 years ago before significant development, but 
also what they might look like over the next 50 years 
of  climate change. It is undeniable that we will be 
leaving our children with a different forest than we 
know and love today. It is up to us as to how much of  
a forest we leave them.

 

ADAM McCURDY  
ACES Forest Programs Director
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WILDERNESS

NAME

DATE IN

DATE OUT

LOCATION

PERMIT

THE DRIVING FORCE BEHIND FOREST CHANGE

Does the climate drive forests or do forests 
drive the climate? The answer is both. Forests 
and climate are so interconnected it is almost 
impossible to see where one begins and the 
other ends. Climate is one of  the major factors 
in determining what grows where. Forests are 
an integral part of  the carbon cycle, absorbing 
carbon dioxide as they grow and emitting it 
as they die and decompose. Forests also create 
their own climate by decreasing temperatures, 
increasing available moisture and changing 
precipitation patterns.  

ACES’ forest program closely monitors 
climatic variables such as temperature and 
precipitation, including the timing and 
extremities of  certain events. This provides a 
closer look at the root causes of  many changes 
taking place in our forest. The following 
graphic outlines how various climatic 
indicators of  forest health fared in 2015. 

HIGH ELEVATION
SNOWPACK WAS

69%
OF AVERAGE

CLIMATE
CHANGE 

In 2015

There was a 25% 
increase in overnight 
wilderness permits 
from 2014 to 2015
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There were 15 more FROST 
FREE days in Aspen than any 

year since 1940

There were 65% FEWER 
DAYS that reached zero 

degrees or below in Aspen

Drought stress was  
23% higher than normal

Insects & diseases  
affected 6% of our 

forest (about average)

One day was above  
85 degrees in Aspen  

(4 is average)

Timing of 
SNOWMELT 
was normal

THE DRIVING FORCE BEHIND FOREST CHANGE

CLIMATE
CHANGE 



a s p e n  c e n t e r  f o r  e n v i r o n m e n t a l  s t u d i e s1010

INSECTS
&
DISEASE

SYMPTOMS OF A WARMING PLANET 

Over the past 20 years the proportion of  Colorado forests impacted by insects and disease has 
dramatically increased. The impacts of  these outbreaks are visually striking: Forests that were once 
green and vibrant have been replaced by ghostly gray sentinels. As millions watch iconic landscapes 
change before their eyes, two questions are repeatedly asked: Why is this happening and what can we  
do to stop it? 

Neither question has a simple answer. The insects and diseases responsible for the vast majority of  tree 
mortality in Colorado are native. Forests are always changing, and, like fire, native insects and diseases 
are a source of  disturbance. By killing older trees, they create forest diversity and renewal. But the 
current bark beetle outbreaks are abnormally large, a product of  wildfire suppression paired with an 
increasingly warm and dry climate. As with maladies in humans, it is important to treat the cause rather 
than the symptoms. Forest managers have a fraught history of  attempting and failing to control beetle 
outbreaks. Rather than trying to stop beetles, our attention should be on rapid decarbonization to limit 
the impacts of  climate change paired with responsible scientifically-informed forest management.  

In 2015, 1,054,000 acres of  Colorado forests were affected by insects and disease. This is an increase of  
over 100,000 acres from 2014 with much of  the increase being in the western spruce budworm. Roaring 
Fork Watershed forests saw a 5,000-acre decrease in damage compared with 2014, with 40,906 impacted 
acres. As in 2014, much of  the current infestation in the watershed is from the western balsam bark 
beetle which affects subalpine firs. ›››
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SUBALPINE FIR DECLINE 
Watershed Acres Affected: 30,750 
 
For the 18th consecutive year, subalpine 
fir decline (SFD) was the most pervasive 
insect/disease in Roaring Fork watershed 
forests, comprising 75% of all insect and 
disease damage in 2015. 

Compared to 2014, we saw a slight decrease of  impacted 
acres in 2015, dropping from 34,316  acres in 2014 to 
30,750 acres in 2015. 

Subalpine fir decline does not refer to a specific pest 
or disease, but rather to the collective mortality and 
degradation of  the species. SFD is typically attributed 
to the combined effect of  the western balsam bark 
beetles (Dryocoetes confuses) with either canker 
causing fungi (Ceratocystis dryocoetidis) or root disease 
fungi (Armillaria spp. and Heterobasision parviporum). 
Both the beetle and fungi are native pests, and similar 
to recent outbreaks of  other native pests (i.e. mountain 
pine beetle, spruce bark beetle, Douglas fir beetle, 
etc), research has found a link between SFD and 
climate. SFD occurs mostly in zones with moderate 
temperatures and moderate precipitation whereas 
areas with low temperatures and high precipitation 
were more likely to have healthy fir trees. 

Roaring Fork Watershed Insect & Disease Damage

SPRUCE BEETLE 
Watershed Acres Affected: 1,009

With 40% of the Roaring Fork 
watershed comprised of spruce-fir 
forest, a spruce bark beetle outbreak is 
of great concern.

For the fourth consecutive year, spruce beetle was 
the most pervasive forest insect in Colorado. In 
2015, 409,000 acres of  the state’s high-elevation 
Engelmann spruce forests were impacted by the 
spruce bark beetle, a 76,000-acre decrease from 2014. 
Much of  this decrease is attributed to the depletion 
of  large diameter trees in impacted areas. Despite 
the decrease in total acreage impacted, the beetle 
continues to expand its range with 136,000 new acres 
of  impacted forest.  

Currently, large-scale spruce beetle outbreaks have 
been centered in southwest Colorado but are steadily 
moving north and east. In the Roaring Fork watershed, 
1,009 acres of  forest were impacted by the spruce 
beetle in 2015, down from 2014’s historic high of  6,898. 

On page 18, we look closely at the spruce bark beetle’s 
life cycle as well as potential impacts in the Roaring 
Fork Valley. 

credit: William M. Ciesla, Forest Health Management International, Bugwood.org CC BY-NC 3.0
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DOUGLAS FIR BEETLE 
Watershed Acres Affected: 1,064 
 
Douglas fir beetle continues to impact 
isolated areas of our watershed with  
the potential for large future impacts. 

In 2015, the Douglas fir beetle impacted 1,064 acres 
of  forest in the Roaring Fork watershed. This is a 
significant decline from record highs in 2013 and 2014. 
Despite the decrease, Douglas fir beetle is still a major 
concern. Douglas firs are more tolerant of  heat and 
drought than any other widespread conifer in the area 
making them more resilient to anticipated changes in 
climate. As local forest adapt to climate change the 
number of  Douglas firs will increase, an outbreak of  
Douglas fir beetle would limit expansion and hamper 
natural adaptation.

MOUNTAIN PINE BEETLE 
Watershed Acres Affected: 10

After killing 834 million trees in Colorado, 
mountain pine beetle continues to decline. 

Statewide, 2015 mortality rates were at their lowest since 
1996, impacting 15,000 acres. Most of  this damage 
occurred in northern Colorado. While this is certainly 
good news for our forests, this decrease in mountain 
pine beetle activity is mostly due to the depletion of  
available host trees, which is to say that the beetles have 
essentially eaten their way through a large portion of  
Colorado’s lodgepole and ponderosa pine forests. 

INSECTS & DISEASE
In the Roaring Fork Watershed, a mere 10 acres of  
forest were impacted by mountain pine beetle in 2015. 
This is especially impressive when compared with the 
12,432 acres locally impacted by the mountain pine 
beetle at its peak in 2010. At this endemic, or natural, 
level, the beetles play an important role in forest 
disturbance and nutrient cycling regimes by opening 
up space for sunlight to reach the forest floor. This 
process results in forest with species and age diversity, 
which reduces susceptibility to future widespread 
beetle epidemics. 

ASPEN DEFOLIATION 
Watershed Acres Affected: 138

The acreage impacted by defoliating 
insects in regional aspen forest increased 
50 fold from 138 acres in 2014 to 7,264 
acres in 2015. 

This increase marks a significant departure from the 
trend of  decreasing impact after 2008’s high of  27,590 
acres. In the Roaring Fork Watershed, the primary 
agent of  aspen defoliation is the western tent caterpillar 
(Malacosoma californicum), an insect whose larvae 
feed on the leaves of  aspen trees and other mountain 
shrubs, including chokecherry and mountain mahogany. 
Fortunately, extreme outbreaks generally only last 
2-3 years, evidenced locally by high levels of  impact 
from 2006-2008 followed by a dramatic decline to the 
relatively low levels observed in the last year. 

Aspen trees are especially susceptible to drought 
conditions. While precipitation in 2015 was normal, 
temperatures in Aspen and around the globe were 
higher than average, meaning less available water. 
Aspen trees have ecological and aesthetic significance 
to our area. In the Roaring Fork Valley, aspen forests 
are second only to the riparian areas in terms of  
biological diversity. They provide critical habitat to a 
wide variety of  plant and animal species. They are also 
iconic to our community and responsible for much 
of  the scenic beauty that draw visitors to our area, 
contributing to the economic well-being of  our region. 

credit: William M. Ciesla, Forest Health Management International, Bugwood.org CC BY-NC 3.0

credit: Brytten Steed, USDA Forest Service, Bugwood.org CC BY 3.0

credit: Brytten Steed, USDA Forest Service, Bugwood.org CC BY 3.0
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Roaring Fork Watershed Insect & Disease Infestation

Source: Colorado State Forest Service (image has been altered to highlight local detail)

Forest Insect and Disease Progression in Colorado  1996 – 2015

Shaded areas show locations where  

damage was visible from the air and do not 

necessarily indicate 100% tree mortality.
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2015

2011-2014

2006-2010

2001-2005
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MONEY 
DOES  
GROW 
ON 
TREES

CLIMATE CHANGE IS PREDICTED TO INCREASE THE 

INCIDENCE OF HOT DRY DAYS IN THE WESTERN US. 

THESE CONDITIONS WILL LEAD TO AN INCREASE IN 

THE NUMBER AND EXTENT OF WILDFIRES.

14
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Fall colors from Cumbres Pass in southern 

Colorado. Recreation and tourism spending 

is becoming an increasing important source 

of income for many forest communities.

15
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Conventional wisdom suggests that “money doesn’t grow on 

trees”, but we’d beg to differ. Forests are critical drivers of local 

and regional economies. The ways forests support economies 

are myriad and sometimes unexpected. From ecosystem 

services, to extraction, to tourism and recreation, forests are  

an important part of our local and national economies. 

water a tree transpires is the equivalent cooling of  two 
average household central air conditioning units. 

In addition to indirectly benefiting from ecosystem 
services provided by forests, many rural economies 
benefit directly from recreation or extraction 
on forested land. A recent study by Headwaters 
Economics looked specifically at rural western 
economies and public land. As extraction, agriculture, 
and manufacturing become increasingly automated, 
rural economies in the West are becoming increasingly 
dependent on the service and non-labor (retirement, 
investments, etc.) economies. In 2015, extractive 
industries, manufacturing, construction and agriculture 
accounted for only 14.9% of  personal income, whereas 
the service and non-labor economies were responsible 
for 73.8% of  personal income. Service economies as 
well as non-labor economies in the rural west are 
often supported by the natural amenities offered by 
public lands. 

The same study found that per capita income in 
counties with a large percent of  federal land grew 
faster than those with less. Between 1970 and 2015, 
per capita income grew 61% in counties with the most 
federal land (top 25th percentile) as opposed to 57% 
in counties with the least federal land (bottom 25th 
percentile). 

In 2013, 13.6 billion board feet of  timber were 
harvested in the United States, providing thousands 
of  rural jobs in the process. Additionally, outdoor 
recreation is becoming a more important source of  
wealth for forest communities. In 2016, 7.6 million 
people were directly employed in the outdoor 
recreation economy and the outdoor economy 
provided  almost $60 billion in revenue to local and 
state governments.

Next time you look at a forest, don’t ask what it can do 
for you, they’re already doing plenty. Ask what you can 
do for your forest. ❊

MONEY DOES GROW ON TREES

Ecosystem services are one of  the most overlooked 
benefits provided by forests. The term encompasses 
all the ways humans benefit from the forest ecosystem. 
Clean water and air, aesthetics, flood protection, plant 
and wildlife habit, biodiversity, carbon sequestration, 
and landslide and avalanche prevention are just a few 
of  the benefits we derive locally from forests.  

In the US, two-thirds of  our surface water comes from 
forested watersheds with National Forest land being 
the largest single source of  runoff. Not only do forests 
provide a significant quantity of  water, they also provide 
higher quality drinking water. The Trust for Public 
Land found that for every 10% increase in forest cover, 
the cost of  chemical treatment decreases by 20%. So 
how much is all that water worth? In 2000, the Forest 
Service estimated the value of  forest water (drinking, 
agriculture, manufacturing, recreation, etc.) was about 
$17.74 billion per year or about $25.17 billion today, after 
adjusting for inflation! At the time they suggested this 
was likely a significant underestimate. If  we use the cost 
of  water in Denver and look at only water provided as 
a public service, we find the country’s forest water used 
for public services alone is worth $25.8 billion.  

Like any commodity, the value of  water is based on 
supply and demand. Over the next century, climate 
change is predicted to make water in the American 
West significantly scarcer while the population continues 
to grow. The combined effect of  decreased supply with 
increased demand means the value of  water provided 
by forests is likely to increase dramatically.

In the Roaring Fork Valley, we enjoy moderate summers; 
the record high temperature in Aspen is 93 degrees. 
Forests are partially responsible for our cool temperatures. 
Trees release reactive organic compounds which can 
trigger the formation of  low level clouds reflecting some 
of  the suns energy. Even more impressively, trees act like 
natural air conditioners. When the sun is shining, an 
individual tree can transpire (evaporation from plants) 
hundreds of  liters of  water per day. Every 100 liters of  
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Headwaters of the Colorado River in Rocky Mountain NP. The Colorado river provides valuable water to 40 million people.

480 million people
visited National
Parks & Forests 

contributing $31.4 Billion 
to local economies

IN 2016

and creating over 500,000 jobs

13.6 billion board feet 
is enough wood to construct 

450,000 houses  

laid end to end the boards would 
stretch to the moon and back...

5 times
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SPRUCE
BARK
BEETLE

AS MUCH OF COLORADO TRIES TO COPE WITH THE  

IMPACTS OF THE RECENT MOUNTAIN PINE BEETLE  

EPIDEMIC, A NEW BEETLE OUTBREAK IS OCCURRING  

IN SOUTHERN COLORADO AND MOVING NORTH.

18
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Spruce mortality from spruce beetles outside of 

Lake City, CO in the Rio Grande National Forest.  

Spruce bark beetles have been slowly moving 

north since the epidemic began in 2009. 

Currently, large areas of spruce beetles are just 

south of the White River National Forest in the 

Gunnison National Forest 

(credit William M. Ciesla, Forest Health 

Management International, Bugwood.org).

19
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Remember the mountain pine beetle (MPB) (Dendroctonus 

ponderosae)? For many in Colorado, they’re impossible 

to forget. Between 1996 and 2015 the MPB tore through 

3.4 million acres of Colorado’s forest, leaving a gray 

landscape in its wake. But in 2016, only 916 acres of forest 

were impacted by the MPB down from a high in 2008 of 

almost 1.2 million acres. As residents of the Roaring Fork 

Valley (RFV) saw the miles of dead lodgepole along I-70 in 

Summit County, many worried the RFV would be next. We 

were largely spared the devastation seen in other parts of 

the state, primarily due to the diversity of our forest. While 

communities focus on addressing the impacts of the MPB, 

another native pest, the spruce bark beetle, is devastating 

forests in southern Colorado and working its way north.  

Spruce bark beetles are present at some level in every 
spruce forest, but natural predators such as wood 
peckers or parasitic insects typically keep their numbers 
low. Historically, outbreaks have occurred following a 
large storm that brings down many spruce trees. Dead 
wind-thrown trees lacking chemical defenses frequently 
serve as a nursery for SBB, sustaining populations up to 
ten times greater than what a well defended living tree 
will host. Large amounts of  wind-throw allow beetle 
populations to build to levels sufficient to overcome 
the limits of  predation. Outbreaks also require ample 
mature trees, which the beetles are able to feed on.  

People have waged war with bark beetles since the 
late 1700s when the Royal Society offered a reward for 
any method to effectively control the European spruce 
bark beetle (Ips typographus). Since that time, people, 
in an effort to save valuable timber from beetles, have 
tried just about everything imaginable to control 
them. Trees have been cut and left as ‘traps’ to later 
be removed and burned, and at other times, infected 
trees have been felled and burned on the spot. In the 

SPRUCE BARK BEETLE

Spruce bark beetles (SBB) (Dendroctonus rufipennis) 
and MPB are in the genus Dendroctonus meaning 
“tree-killer”. Dendroctonus bore through the outer 
bark of  trees to access the phloem where they feed 
and reproduce. Most Dendroctonus beetles, including 
SBB and MPB, can kill a host tree in a single 
generation by severely damaging the phloem such 
that the tree is no longer able to transport nutrients 
and water. Once beetles have killed a tree, it is easily 
infested by additional beetles as its chemical defenses 
no longer function. Both species of  beetles carry a 
large variety of  symbiotic fungi that help overcome 
the tree’s defenses as well as digest the woody 
biomass. Dendroctonus have a flexible life cycle with 
temperatures dictating how long it takes between 
when they lay eggs and when beetles are full grown 
and able to seek new trees to attack. In Colorado, it 
currently takes SBB two years to complete a life cycle. 
Unlike the MPB which is susceptible to extremely 
cold temperatures in early and late winter, the SBB 
hibernate at the base of  the tree where snow typically 
insulates them from killing cold snaps.
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Spruce forest before and after a spruce beetle outbreak in Snowy Range in southern Wyoming. Picture shows a continuous landscape.

Credit: John Frank, USFS

early 1900s, proposals were made to electrify trees and 
zap beetles. Numerous chemical weapons have been 
deployed from methyl bromide to kerosene, cumulating 
with DDT sprayed from planes. In Canada, foresters 
tried blowing up infested trees with C4. Recently, 
pheromones have been used. During the recent MPB 
outbreak, the pheromone verbenone was used, but 
after several years of  research the USFS concluded 
it was too inconsistent and expensive for large scale 
use. Another pheromone, MCH has been effective 
at preventing SBB outbreaks, but is cost prohibitive 
for large scale application. Finally, timber companies 
have attempted to beat beetles at their own game, 
clearcutting forest ahead of  outbreaks. 

In all cases, efforts to stop outbreaks at large scales 
have been largely ineffective. At best, they delay the 
damage or save a small portion of  forest. Most major 
outbreaks end the same way with the death of  most 
mature trees and the beetles running out of  food. 
Before anthropogenic climate change, wildfire and 
beetle outbreaks were a normal source of  disturbance 

in western forests. As with recent “megafires”, the 
current series of  beetle outbreaks are outside of  what is 
historically normal, propelled by the impacts of  human-
caused climate change these beetles and fire are reshaping 
forest in the western United States. 

Beetle outbreaks are strongly linked with temperature 
and drought conditions. When temperatures increase, 
the life cycle of  the beetles are accelerated and they’re 
able to more quickly mature and attack new trees. More 
importantly, drought conditions weaken trees impairing 
their ability to repel attackers. Climate scientists 
expect both temperature and drought to increase as 
a consequence of  further global warming. Despite 
previous failures, attempts to control beetle outbreaks or 
limit the number of  infested trees continue. Spruce-fir 
forests are an iconic part of  the Roaring Fork Valley and 
no amount of  pesticide, logging or pheromones can save 
them from a changing climate. If  beetles don’t kill the 
spruce trees, then fire or drought will. If  climate change 
continues unabated, we cannot expect forests or other 
landscapes to stay the same. ❊



STEWARDS 
OF THE 
LAND

THE ROARING FORK VALLEY (RFV) BENEFITS  

FROM EXTENSIVE PUBLIC LANDS INCLUDING  

LAND MANAGED BY CITIES, COUNTIES, THE  

STATE OF COLORADO AND THE FEDERAL  

GOVERNMENT. HISTORICALLY, WE’ VE DEPENDED  

ON THESE AGENCIES, BUT AS BUDGETS FOR  

NATURAL RESOURCE MANAGEMENT GET CUT AND  

VISITATION GOES UP, COMMUNITIES WILL NEED  

TO PLAY A MORE AC TIVE ROLE AS STEWARDS.
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Volunteers remove noxious weeds from the 

Hunter Creek Valley during the 2015 community 

weed pull. Noxious weeds reduce biodiversity 

and reduce forage for native animals and 

insects. Limiting the spread of noxious weeds 

is one of the many challenges currently facing  

cash-strapped White River National Forest.

23
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What would the Roaring Fork Valley (RFV) be without 
its public lands? Would tourists, who support the majority 
of  our economy, continue flocking to the valley if  they 
couldn’t visit the Maroon Bells? Would the RFV be 
such a desirable place to live without hikes on Lost Man, 
bike rides on the Crown, or a drive up to Independence 
Pass? If  there was no skiing on Snowmass, Buttermilk, 
or Highlands, would Aspen be a destination on par with 
Vail, Mammoth, or Deer Valley? What if  the view from 
Sopris was roads and buildings instead of  forest and peaks 
as far as the eye can see? If  it weren’t for the public lands 
that surround us and account for 80% of  land in the RFV, 
we might lose all the amazing natural amenities the RFV 
has to offer. In exchange for the many benefits we receive 
from our public lands, we all implicitly accept the role 
of  stewards. The majority of  these lands in the RFV are 
managed by the federal agencies. As budget cuts continue 
in the federal government, especially for the management 
and protection of  natural resources, it seems inevitable 
that communities will be required to shoulder additional 
burdens. Being a steward means accepting a greater 
responsibility for the land than the casual visitor, taking the 
long view and thinking about the forest, not just today, but 
into the future.  

Over the past eight years the White River National 
Forest (WRNF) has worked hard to return fire, an 
essential component of  healthy ecosystems in the West, 
to the RFV. While natural and normal disturbances 
(like fire) are almost universally regarded as being good 
for forest health, they often come with inconveniences. 
Fires create smoke, limit recreation access, and 
dramatically change the places we love. Beetles, 
another form of  disturbance, can impact our viewshed 
and make some of  our favorite campsites and trails 
unsafe. Despite the downsides, natural disturbance is 
important for long-term forest health.  
 
Today, our National Forest is often referred to as a 
“land of  many uses,” something that hasn’t always been 
the case. The mission of  the USFS is “to sustain the 
health, diversity, and productivity of  the nation’s forests 
and grasslands to meet the needs of  present and 

STEWARDS OF THE LAND

Prescribed fires at Filoha Meadows in 2016. Forest fires 

produce large quantities of smoke which can be unsightly and 

dangerous to human health, but fires are necessary to maintain 

a healthy and diverse forest.
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future generations.” Originally, this primarily meant 
ensuring sustained timber production, the protection 
of  watersheds, and grazing. In 1960, the Multiple 
Use and Sustained Yield Act significantly broadened 
the use of  the National Forest to include “outdoor 
recreation, range, timber, watershed, and wildlife 
and fish purposes.” In the RFV, we often think of  the 
National Forest as being solely for recreation, but this 
isn’t the case.  
 
We share the public lands with a multitude of  flora 
and fauna. The earth is currently losing biodiversity 
to extinction at an alarming rate, much of  it as a 
consequence of  habitat destruction and degradation. 
As we look to expand our recreation activities, we bear 
the responsibility of  minimizing our impact on the 
plants and animals that live there. This might mean 
closing areas to recreation completely, abandoning 
trails or limiting the number of  users.  
 
Each year, every person in the US consumes an 
average of  1,000 lbs. of  wood and paper products. 
In fact, there is a good chance that you’re reading a 
paper version of  this report made from trees. In the 
past two decades, between 70 and 80 percent of  these 
products were produced domestically. While its painful 
to see trees being cut down, forests can be sustainably 
harvested. By using domestic timber, we have more 
control on the environmental safeguards put in 
place and enforced during harvest, and we minimize 
additional environmental impact of  transporting wood 
long distances.  

As stewards of  our forests, the communities of  the 
RFV have the ultimate responsibility for them. As 
we all enjoy the many benefits offered by our public 
lands, we encourage everyone to also think about 
the responsibilities those benefits entail. Whether it’s 
becoming involved in the management decisions on 
the forest (every major public lands decision involves a 
public comment period), giving up something we enjoy 
for the benefit of  the forest (such as unfettered recreation 
access), or even committing financially (as Pitkin County, 
the City of  Aspen, and ACES have in Hunter Creek), 
we all have a role in ensuring our forests continue to be  
a healthy home for flora, fauna, and ourselves. ❊

Volunteers working on trail above crater lake.

VISITORSHIP HAS INCREASED WHILE THE BUDGET HAS DECREASED



a s p e n  c e n t e r  f o r  e n v i r o n m e n t a l  s t u d i e s26

WHAT 
HAPPENED 
TO OUR 
SNOW?

26

THE 2016-17 SNOW YEAR BEGAN WITH LITTLE SNOWFALL 

IN DECEMBER, BUT GAVE WAY TO A NEAR RECORD 

BREAKING JANUARY, THEN FINISHED WITH A WARM 

LATE WINTER AND SPRING. WAS THIS JUST ANOTHER 

VARIABLE WINTER IN COLORADO, OR ARE THE IMPACTS 

OF CLIMATE CHANGE BEING FELT? A CLOSER LOOK AT 

SNOW AND TEMPERATURES IN DIFFERENT PARTS OF THE 

ROARING FORK VALLEY MAY OFFER SOME HINTS.
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Spring (5/09/17) snowmelt on Aspen Mountain.  

High elevation snowpack followed a normal 

melt pattern during 2016-17 winter, but low 

elevations suffered from early melt-out.

27
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At the end of  January, the Roaring Fork Valley was 
on track for a potentially record-breaking snow year. 
Local newspapers ran headlines extolling the near 
record breaking snowfall. Through February and 
March, the tone of  conversation changed as unending 
snowstorms gave way to high temperatures and ample 
sunshine. On February 1st, weather stations across 
the valley reported 143-225% of  median snowpack. 
On April 1st, stations reported 80-153% with a larger 
drop at low elevation stations such as McClure Pass, 
a clear change from the ample snowpack of  January. 
Snowpack isn’t determined simply by how much snow 
falls out of  the sky, but instead reflects a complicated 
relationship between precipitation, temperature and 
timing. ACES analyzed snow and temperature records 
to see what happened to the snow this winter. 

After the near record-breaking snowfall in January and 
the warm and sunny late winter, the peak snowpack 
at high elevations was normal. At lower elevation, on 
the other hand, peak snowpack occurred three weeks 
early (see graphs on opposite pages). Precipitation 
patterns at both stations were similar, but a close look 
at temperature revealed some key differences.

WHAT HAPPENED TO OUR SNOW?

Table 1 shows the average daily temperatures by 
month for both Independence Pass and McClure 
Pass. Both stations show a similar warm anomaly, 
which can account for some of  the melting. 
Of  particular interest is the month of  March 
on McClure Pass. Prior to this, while mean 
temperatures were warmer than expected for both 
stations, they remained below freezing. In March, 
the mean daily temperature went from being about 
31.5 degrees to being 38 degrees. It would appear 
that warming at McClure Pass during the month 
of  March caused the freezing point threshold to be 
crossed, resulting in both increased rates of  melt 
off as well as precipitation events occurring as rain 
rather than snow.  

Each of  the past three years briefly held the title 
of  “hottest year in recorded history” for global 
temperatures. It’s clear that the climate is warming 
and hotter years will become more common. Climate 
models indicate that the Rocky Mountain region 
will experience warmer temperatures year round, 
and while precipitation models are uncertain with 
respect to changes in total precipitation, many point 
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to fewer, but more intense, precipitation events. This 
description closely mirrors what we saw this year: 
Temperatures were almost universally warmer and 
we received the vast majority of  our snow over the 
course of  one month. This doesn’t mean that all 
future years will look like this, or that we’ve never had 
a year similar to this one. Climate change affects the 
expected outcome making some events (such as warm 
winters) more likely, in effect, stacking the deck.

Anticipated climate change impacts are often 
predicted to be nonlinear. In other words, multiple 
years may pass with minimal impact from climate 
change until some threshold is breached and the 
impacts become apparent. The threshold between 
rain and snow is an obvious one: temperatures can 
shift and it may not change the amount of  snow 
an area receives or the depth of  snow pack, but at 

some point in time precipitation begins falling as rain 
instead of  snow. Crossing this threshold has profound 
implications for both natural and human systems. 

In Colorado, our snowpack is our most effective 
reservoir; snow in shaded alpine environments typically 
lasts well into June. Thirty million people and 4 million 
acres of  cropland depend on water from the Colorado 
River. Without the natural storage from snow, meeting 
these demands will be a growing challenge. Most 
of  the southwestern US receives the majority of  its 
precipitation as snow during the winter. Throughout the 
year, the slow melt of  snow keeps moisture in the soil for 
plants, and water in the rivers for wildlife. Without the 
steady supply of  water during the dry summer season, 
flora and fauna begin feeling the impacts of  drought. As 
we continue to pass climate thresholds, both human and 
natural systems will suffer.  ❊
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independence Pass 2016-2017 Temps in OF 
Month Monthly 

Average 
Historical 
Average

Anomaly

October 37.75 31.39 6.36

November 27.72 20.57 7.15

December 17.36 12.95 4.40

January 16.87 13.29 3.58

February 24.00 15.63 8.37

March 29.05 22.22 6.84

April 31.75 28.94 2.79

McClure Pass 2016-2017 Temps in OF 
Month Monthly 

Average 
Historical 
Average

Anomaly

October 46.77 41.16 5.60

November 36.67 30.07 6.60

December 25.68 22.20 3.48

January 24.08 22.35 1.73

February 31.76 24.90 6.86

March 38.51 31.47 7.04

April 40.89 37.36 3.54

Figure 1

Table 1
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RESULTS
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FOREST EDUCATION

Education is a core part of ACES’ Forest Program. Through 
education we aim to connect both children and adults to  
their local forests, and in doing so, help them develop a more 
complete understanding and appreciation of the amazing 
ecosystems that surround them. 

In both first and fourth grade, students at Aspen 
Elementary School, Basalt Elementary School and 
Crystal River Elementary School learn about the 
dynamic and changing nature of  forests. In first grade 
they delve into the many ways forests can change. For 
many students (and adults) forest change happens on 
timescales that are difficult to perceive, or so suddenly 
that it seems unnatural. First graders complete the 
lesson with the understanding that forests are not 
static and the ability to identify at least four ways they 
can change.  

In fourth grade, we take the concept of  forest change 
further, focusing on forest succession. We go beyond 
individual agents of  change and examine how 
different changes fit together. We follow forests as they 

evolve from freshly disturbed, to primary forest, then 
to transitional forest, and finally to climax forest. 

Over the next year we plan to expand our forest 
education program to better leverage our Forest 
Health Index (FHI). The FHI utilizes data from over 
20 climatic, ecological, and socioeconomic indicators 
to provide an assessment of  the current health of  
the forest. Currently the FHI is being used in a local 
middle school classroom to teach life zones and data 
analysis. The FHI offers a forest-centered ecological 
education, paired with data-driven science tailored 
for the classroom environment. In the future, we plan 
to expand the FHI into an interactive platform which 
will allow students to download local sensor data and 
upload local observations. 

RESULTS

Students use the Forest Health Index to investigate annual precipitation in Aspen.
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The prescribed fire specifically targeted areas 
densely populated by aspen trees and Gambel oak, 
with the goal of  thinning dense stands, promoting 
the growth of  new aspen trees, and increasing age 
diversity. Compared to many of  the surrounding 
forest types, aspen forests are hotbeds of  biodiversity 
supporting a large range of  flora and fauna. Mature 
aspens produce a hormone in their root system that 
suppresses the growth of  new trees. When mature 
trees die the production of  that hormone stops and 
the root system sends up a large number of  new trees 
called suckers. 

To monitor the impacts of  the prescribed fire on 
aspen suckering, ACES and our partners contracted 
Dr. Jason Sibold, a forest biogeographer from 
Colorado State University to quantify and monitor 
the results of  the fire. In summer of  2015, Dr. Sibold 
and his team randomly selected 60 10 x 20 meter 

plots in the planned burn area and adjacent to the 
planned burn area. Of  the 60 plots, 21 burned and 39 
did not. In August 2016, the plots were resampled to 
determine if  the fire had a significant impact on new 
aspen growth. Initial results show success stimulating 
new aspen growth. On burned plots, there was an 
increase of  2,384 suckers per acre compared to an 
increase of  65 suckers per acre in unburned areas. 
The results showed a strong correlation between the 
percent mortality of  mature aspen trees following the 
fire with the increase of  aspen suckers per acre. The 
two plots with 100% canopy mortality had by far the 
greatest increase in suckering with increases of  12,000 
and 14,000 suckers. 

While the initial results are positive, the end goal will 
be to see many of  the new aspen suckers recruited to 
the canopy. Over the coming years, we’ll continue to 
monitor the 60 study plots for changes.

In May 2016, ACES, Pitkin County, the City of Aspen, Wilderness 
Workshop, and the United States Forest Service (USFS) conducted 
a prescribed burn in the Hunter Creek area. The burn was part of 
a larger effort to improve forest health and wildlife habitat in the 
Hunter Smuggler area. 

HUNTER SMUGGLER RESULTS

Vigorous regeneration of Gambel oak following the 2016 prescribed fire in Hunter Creek.
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As ACES continues to increase food production at 
our 113 acre farm, Rock Bottom Ranch (RBR), we’re 
committed to resisting this trend. At RBR, we are 
consistently striving to increase the sustainability of  our 
food production. Sustainability includes making food 
production part of  a climate change solution rather 
than a contributor to the problem.

Global food production systems are responsible for up 
to one third of  global CO2 emissions and agriculture 
is responsible for 86% of  those emissions. At RBR we 
are committed to more sustainable food production in 
every way possible. Over the past 17, we’ve reduced our 
farm emissions though innovative rotational grazing 
that increases the amount of  CO2 soils can absorb. 
Additionally, we are ensuring the 70 forested acres at RBR 
remain forested. Between the carbon sequestered by soils 
and the existing forests, our food production is carbon 
neutral. Carbon neutral food production is something 
ACES is very proud of, but we don’t want to stop there. 

Over the next several years, we’ll be exploring ways 
our agricultural practices can sequester even more 
carbon. One of  the most promising opportunities 
is the marriage of  forest and agriculture, or 
“agroforestry”. Agroforestry is a suite of  practices 
that allows for the production of  traditional food 
crops in a forested environment. Not only does 
this help food production at RBR sequester more 
carbon, but it also prepares us for the potential 
impacts of  climate change.  

Since 1977, temperatures in Colorado have increased 
by approximately 2ºF, with climate models predicting 
an additional 2-6ºF of  warming by 2050. As summers 
get hotter, it means less available water, more heat stress 
for animals, and less forage production. Integrating 
our agriculture practices into a forested environment 
increases shade for animals, decreases evaporation, 
increases soil moisture, and increases forage production 
during hot summer months.

Historically, agriculture and forests have been in direct competition. 
The overwhelming majority of deforestation on the planet is due to 
agriculture. For thousands of years, humans have cleared forests to 
create open pastures for grazing animals and growing food.  

FOREST AND AGRICULTURE 

Cottonwood stands at RBR following forest restoration.
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In 2014, the USFS approved a 20-year stewardship 
plan submitted by ACES for the Hunter-Smuggler 
area. Since then ACES, the City of  Aspen, Pitkin 
County, the USFS, and Wilderness Workshop have 
partnered to complete several restoration projects 
aimed at improving wildlife habitat, restoring forest 
health, and reducing wildfire risk. Past work has 
included lodgepole thinning and treatment on 
Smuggler Mountain, oak mastication, and a 900-acre 
prescribed burn in Hunter Valley. All of  these efforts 
have been paired with monitoring to measure the 
efficacy of  our efforts.

MONITORING 

Environmental change happens 
slowly and its often hard to 
notice. Is it unusually warm? Was 
runoff different 20 years ago? 
Were there elk at Hallam Lake in 
the 1950s? The only way we can 
answer these questions in the 
future is to start recording  
data today. 

At ACES, we’re working with our partners to make sure 
future scientists, naturalists, and educators have that 
information for the Roaring Fork Valley. Our efforts thus 
far include: wildlife cameras at Hallam Lake, repeat 
photography and a stream gauge on the Roaring Fork 
River, an osprey nest camera in near Emma (partnership 
with Pitkin County and Holy Cross Energy), repeat 
sound recordings of  Hallam Lake (partnership with 
Thompson Bishop), and support for Aspen Global 
Change Institute’s iRON soil moisture monitor network.

May 4th, 2016

May 4th, 2017
Roaring Fork River on May 4th in 2016 and 2017. Repeat 

photography provides qualitative data on differences in 

plants, snowpack, and water level from year to year.

The Hunter Smuggler Cooperative is made up of representatives 

from Pitkin County, City of Aspen, USFS, Wilderness Workshop, 

Roaring Fork Outdoor Volunteers, and Roaring Fork Mountain Bike 

Association.

HUNTER-SMUGGLER COOPERATIVE

Forests on the wildland-urban interface are some of the most impacted  
by human activity and pose the greatest wildfire risk to communities. 
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While much of  this information is publicly available, it’s often 
hard to find and even harder to interpret. The FHI combines 
climate data with a variety of  other information and explains 
its relevance to forest health. Since its inception, the FHI has 
been used in schools and by the public to understand what’s 
happening to their local forest. Over the next year, we plan to 
continue working with the Aspen Global Change Institute to 
expand the FHI across the western slope of  Colorado.

  Data Providers
• Aspen Global Change Institute

• Bureau of Land Management

• California Dept. of Fish and Wildlife

• City of Aspen

• Colorado Parks and Wildlife

• Colorado State Demographer

• Colorado State Forest Service

• Colorado State University

• EcoFlight

• National Atmospheric Deposition Program

• National Aeronautic and Space Administration

• National Climate Assessment

• National Centers for Invironmental Information

• National Interagency Fire Center

• Natural Resources Conservation Service

• Nature Climate Change

• Pitkin County

• Roaring Fork Conservancy

• University of Arizona

• Upper Colorado River Interagency  

Fire Management Unit

• United States Forest Service

• United States Geological Survey

• University of Arizona

35
For detailed information on data collection for this report, please visit www.foresthealthindex.org.

FOREST FORECASTS 

Shifts in temperature and 
precipitation, as a consequence of 
climate change, will inevitably alter 
landscapes.

One of  the major changes will be which species of  trees 
grow where. Already, we’re seeing low elevation south-facing 
slopes in Colorado shift from aspen forest to shrubland. 
ACES, in partnership with the University of  Arizona, 
created the Forest Forecast Model, a revolutionary tool that 
uses climatological records, species observations, and climate 
models to visualize what the forest of  tomorrow might look 
like. By simply selecting a species, users can visualize how 
a tree’s distribution might change under different climate 
scenarios over the next 75 years.
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ACES Forest Health Index shows the increase in the number of 

frost free days each decade from the 1940s to present.

The Forest Forecast tool allows users to explore how forest in their 

backyard may change given different climate change scenarios. 

FOREST HEALTH INDEX (FHI)

Each day a combination of on-the-ground sensors and satellites produce 
multiple terabytes of global climate data—the equivalent of more than  
2 billion pages of text. 
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