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Climate Change: Permanent Snowpack 
 

Goal: Identify and evaluate long-term changes to permanent snowpack as a result of climate change. 

Objectives:  Determine whether changes in snowpack are affecting watersheds and associated wildlife 
species. Support efforts of other agencies and research organizations in assessing climate change. 

Background: Snowpack plays an important role in aquatic and terrestrial ecosystems throughout 
Southeast Alaska. Extensive areas of the mainland are covered in glaciers and icefields. Glaciers are also 
found on the islands of the Alexander Archipelago. Glacial runoff strongly influences the character of 
freshwater and marine environments in and around the Tongass National Forest (NF). Island ecosystems 
are also affected by permanent and seasonal snowpack. Long term climate trends and decadal climate 
cycles influence air temperature and precipitation. Glacier and snowpack changes can indicate climate 
trends that are relevant to national forest management because they respond directly to these temperature 
and precipitation changes. Changes in glaciers and snowpack alter streamflow, water quality, and habitats 
important to fish, wildlife, and people. 

 

Climate Change Question:  What are the long-term changes to the 
permanent snowpack and how does it affect the physical and 
biological environment? 
This question was added to the Forest Plan monitoring plan in 2008. The resource specialists assigned to 
develop a protocol for this question recommended deferring specific efforts until information from 
regional and state climate change assessments was available. Meanwhile, Forest Service support to other 
agencies’ snowpack and streamflow monitoring programs within the Tongass NF was recognized as 
important.  

 

Evaluation Criteria 
The Forest Plan states that the evaluation criteria for this question are “changes to permanent snowpack 
over the last five, ten, and fifteen years that are sources of water for sensitive watersheds and are 
important features for wildlife.” A monitoring protocol has not yet been developed to address this 
question.  

 

Sampling/Reporting Period: 
Sampling Period: five years; reporting and evaluation period: five years 

 

Monitoring Results 
Snow course data is summarized below.  
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Evaluation of Results 
Forest Plan direction is to evaluate key changes and effects on selected resources and assess potential 
changes to the Forest Plan. This report summarizes new information and ongoing efforts related to:  

• climate change  

• snowpack changes (glaciers, permanent and seasonal snowpack) 

• streamflow 

Climate Change 

Long term climate trends and decadal climate cycles have been observed in Southeast Alaska, influencing 
air temperature and precipitation (Neal et al. 2002). There is a growing body of literature on the topic of 
climate change and likely effects on aquatic and terrestrial ecosystems of the Tongass NF (e.g., Bryant 
2009, Hodgkins 2009, Hood and Berner 2009, Haufler et al 2010, Wolken et al. 2011). The Forest Service 
collaborates with the Alaska Coastal Rainforest Center and many other entities on this topic (USDA 
2012).  

A Tongass Climate Change Team promotes communication and provides information and advice to 
leadership on relevant issues, activities and programs. Activities include the annual Forest Service 
Climate Change Scorecard and progress toward vulnerability assessments (ibid). The national Scorecard 
began in 2011 and consists of ten yes or no questions in four dimensions: organizational capacity, 
engagement, adaptation, and mitigation. National forests can measure progress by describing 
accomplishments and/or plans for improvement towards a “yes” answer. 

The Tongass NF scored five out of ten on the 2012 Forest Service Climate Change Scorecard (USDA 
2012). Responses for coordination, sustainable operations, monitoring, partnerships, and science 
engagement were affirmative. Negative responses for employee training, operational guidelines, 
vulnerability assessments, adaptive actions, and carbon stock baseline assessments lead to actions in 2013 
(ibid).    

The Tongass NF, like many others across the nation, is developing climate vulnerability assessments to 
help guide adaptation priorities. The Forest is working with EcoAdapt to develop limited climate 
vulnerability assessments focused on two topic areas. This collaboration capitalizes on the progress of a 
recent collaborative effort with Scenarios Network for Alaska and Arctic Planning (SNAP). The Tongass 
NF also is supporting a climate vulnerability assessment led by the Pacific Northwest Research Station, 
focused on salmon populations in Southeast Alaska.  

Snowpack Changes - Glaciers 

Glaciers in Southeast Alaska are particularly vulnerable to climate change due to their relatively low 
elevation (Larsen et al. 2007). On average, Alaskan glaciers are experiencing a trend of accelerating mass 
loss (Van Beusekom et al. 2010, Arendt 2011). Ice cover in Glacier Bay National Park --adjacent to the 
Tongass NF-- has diminished by eleven percent since 1952 (Arendt et al. 2012). The majority of glaciers 
are retreating; only tidewater glaciers in the park have advanced (ibid). Glaciologists have estimated a 
loss of roughly 16.7 cubic kilometers of ice from Southeast Alaska between 1948 and 2000: a rate of loss 
more than twice that previously reported (Larson et al. 2007). Most of the ice losses are occurring at tide 
or lake terminal glaciers during calving (e.g. LeConte, Dawes, South Sawyer, Mendenhall Glaciers); the 
tidewater glaciers that are growing or fluctuating (e.g., Taku, Hubbard Glaciers) are doing so in response 
to factors unrelated to recent climate conditions (ibid). Rapid thinning and retreat at Juneau’s Mendenhall 
Glacier has increased calving (Boyce et al. 2007). Similar accelerated glacial retreat has been observed on 
Baranof Island (Hughey and Giese 2012). 

The US Geological Survey’s Alaska Climate Science Center at the University of Alaska 
(http://www.doi.gov/csc/alaska/index.cfm) has funded interdisciplinary research to quantify glacial runoff 

http://www.doi.gov/csc/alaska/index.cfm
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from watersheds along the Gulf of Alaska (including the Tongass NF) and assess impacts on coastal 
ecosystems (AK CSC 2013). 

Several Tongass NF glaciers have active monitoring programs. The US Army Corps of Engineers’ Cold 
Regions Research and Engineering Laboratory leads the Hubbard Glacier monitoring project near Yakutat 
(http://glacierresearch.com/). Instruments have been installed to continuously track the seasonal advance 
and retreat of the Hubbard Glacier terminus to determine the potential for closure of Russell Fiord and 
associated flood risks to the community of Yakutat. The University of Alaska Southeast is monitoring 
Mendenhall Glacier and others in the Juneau Icefield 
(http://www.uas.alaska.edu/arts_sciences/naturalsciences/envs/faculty_staff/pubs/mendenhall_glacier_sci
ence_july_2010.pdf). Petersburg High School students have conducted an annual survey of the LeConte 
Glacier terminus on the Wrangell Ranger District since 1983 (http://leconte.webs.com/). 

Snowpack Changes – Permanent and Seasonal Snowpack 

Permanent and seasonal snowpack in Southeast Alaska is at relatively low elevation and vulnerable to 
climate change. Long term and cyclical changes in snow lines and snow depth affect terrestrial resources 
as well as aquatic resources. For example, reduced snow depth during a cyclical warming trend in the 
1970s and 1980s is the likely cause of extensive yellow-cedar mortality in Southeast Alaska (Hennon et 
al. 2012). 

Snowpack monitoring in the Tongass NF is conducted in cooperation with the Natural Resource 
Conservation Service (NRCS). Forest Service personnel from Juneau, Wrangell and Petersburg Ranger 
Districts collect seasonal snowpack data at eight snow courses on the Tongass NF following NRCS 
protocols. The Douglas Island and Petersburg snow courses were established in the late 1970s. Two new 
Wrangell snow courses were established in 2009. There are three automated SNOTEL sites on the 
Tongass NF operated by NRCS or other entities measuring permanent snowpack associated with 
hydropower facilities at Snettisham (near Juneau) and Swan Lake (near Ketchikan). Information about 
snow courses, SNOTEL sites, and data are available at http://www.ak.nrcs.usda.gov/Snow/index.html.  

Snowpack observations for 2012 were above the thirty year average at all reporting sites in the Tongass 
NF; ranging from up to 258 percent of normal at Petersburg in May to a low of 115 percent of normal at 
Snettisham. Wrangell sites are not yet reported due to short record length. This is consistent with the 
current cyclical trend of cooler winter temperatures (Neal 2002). 

All of the currently monitored snowpack sites on the Tongass NF are either on the mainland or 
central/northern end of the Alexander Archipelago. Potential impacts to important salmon runs from 
changing seasonal stream flows and water quality are likely to occur first in the southern, outer coastal 
area of the Tongass NF. Low elevation watersheds in this area typically have lower average winter 
snowpack and duration, more extreme summer low flows and higher water temperatures. Many stream 
systems in this area depend on relatively thin and variable snow packs to maintain streamflow during 
rainless periods in the summer. Streams on Prince of Wales Island (e.g. Staney Creek) have experienced 
die offs of spawning pink salmon during extreme low flow summer periods combined with large returns 
of adult salmon. Although these events are not common, they are likely to increase in frequency if 
summer streamflows decrease (Bryant 2009).  

Streamflow 

The direct relationship between snowpack and streamflow in Southeast Alaska is well known and has 
implications for salmon life stages (Neal et al. 2002, Bryant 2009, Hodgkins 2009), hydropower facilities 
(Cherry et al. 2010), and effects of timber harvest (Grant et al. 2008).  

The US Geological Survey (USGS) has collected and managed streamflow data from over 200 different 
sites on the Tongass NF since the early 1900s; some stream gauges have over forty years of record. The 
Forest Service has contributed significant funding and logistical support to the USGS streamflow 

http://glacierresearch.com/
http://www.uas.alaska.edu/arts_sciences/naturalsciences/envs/faculty_staff/pubs/mendenhall_glacier_science_july_2010.pdf
http://www.uas.alaska.edu/arts_sciences/naturalsciences/envs/faculty_staff/pubs/mendenhall_glacier_science_july_2010.pdf
http://leconte.webs.com/
http://www.ak.nrcs.usda.gov/Snow/index.html
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program, though declining budgets have whittled the active stream gauges down to about a dozen. The 
historical and active stream gauges represent glacial-, snow-, transient snow-, and rain-dominated 
systems, all of which have relevance to assessing climate trends. Publicly accessible, real-time data are 
available from some stream gauges. Many include continuous stream temperature and other water quality 
parameters in addition to streamflow. Data and site information are available at 
http://waterdata.usgs.gov/ak/nwis/. 

As of 2012, three USGS stream gauges in the Tongass NF are at least partially funded by the Forest 
Service (compared to five in 2008). Staney Creek and Old Tom Creek are the highest priority for the 
forest due to their length of record and potential for evaluating effects of timber harvest (personal 
communication with Ed Neal, 2010). Several stream gauges were decommissioned in 2012. The USGS 
and other partners continue to fund other stream gauges in the Tongass NF. 

 

Action Plan 
At this time, no changes to the forest plan are recommended. In the context of the five year review of the 
Forest Plan consider rewriting the climate change monitoring question to support an integrated evaluation 
of climate change relevant to the management of the Tongass NF. It is also recommended to support the 
use of downscaled regional climate models and tools such as NetMap to refine vulnerability and resource 
impact predictions and to provide an improved framework to inform climate change monitoring efforts. In 
the context of relevant snowpack monitoring (and closely related activities) on the Tongass NF, it is 
recommended that current investments in snow course data collection be maintained. This data collection 
is a low cost contribution to long-term records for the Tongass NF. Snow data, though relatively sparse, 
may provide important field calibration points for downscale climate models or snow models in 
development.

http://waterdata.usgs.gov/ak/nwis/
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