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ABSTRACT  

A thirty-one year record (1984-2014) of glacier mass balance and areal extent indicate a 

significant glacier response to climate change in the North Cascades, Washington.  Glacier runoff 

is a major source of streamflow during the summer low-flow season and ameliorates both low 

flow and high water temperatures.   Measurement of ablation and discharge immediately below 

Sholes Glacier provides an effective indication of the volume of glacier runoff to the North Fork 

Nooksack River, which provided more than 40% of total river runoff on 21 days in August and 

September, 2014, peaking at 80% of total flow on Sept. 15th.  The ameliorating role of glacier 

runoff on discharge and water temperature is observed during 12 late summer warm weather 

events from 2009-2013 in the Nooksack Basin. The primary response to these events is increased 

discharge in the heavily glaciated North Fork, and increased stream temperature in the unglaciated 

South Fork.  During the 12 warm weather events a +15% increase in discharge was observed 

during 11 events in the North Fork, and no events in the South Fork.  For water temperature all 12 

events caused a 2
o
 C rise in water temperature in the South Fork, but only two events caused this 

rise in the North Fork.  
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INTRODUCTION 

Climate observations in the Pacific Northwest, United States show an accelerated warming for 

the 1970-2012 time periods of approximately 0.2°C per decade (Abatzoglou et al, 2014).  Analysis 

of key components of the alpine North Cascade hydrologic system indicate significant changes in 

glacier mass balance, terminus behavior, alpine snowpack and alpine streamflow from 1950-2005 

(Mote et al, 2008; Pelto, 2008; Isaak et al, 2012; Pelto and Brown, 2012).  Glacier runoff is of 

particular importance to streamflow and stream temperature, and consequently aquatic life late in 

the summer when other water sources are at a minimum (Grah and Beaulieu, 2013).  Contributions 

from groundwater, precipitation and snowmelt from non-glacier areas are at a minimum after July 

1 (Isaak et al., 2012). Whereas annual glacier runoff peaks during the late summer and is highest 

in warm, dry summers and lowest during wet, cool summers (Rasmussen and Tangborn, 1976).    
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Watersheds in the Pacific Northwest are comprised of pluvial, nival, and glacial segments. The 

pluvial segments have peak flows in the winter due to the winter storm events (Dery et al., 2009).  

Nival streams peak in the May and June with the high snowmelt, and glacially fed streams peak in 

July and August during peak glacier melt (Fountain and Tangborn, 1985; Dery et al., 2009).  The 

loss of glaciers from a watershed then reduces streamflow primarily during minimum flow periods 

(Stahl and Moore, 2006; Pelto, 2008; Nolin et al., 2010). The amount of glacier runoff is the 

product of surface area and ablation rate.  Glacier volume loss can contribute to changes in 

streamflow, leading to an increase in overall streamflow if the rate of volume loss is sufficiently 

large (Stahl and Moore, 2006; Nolin et al, 2010; Pelto, 2011)  

 

Climate change combined with the resultant glacier retreat is altering late summer streamflow in 

the North Cascades.  Stewart et al. (2005) noted a coherent shift toward earlier runoff in snow fed 

basins across the western US; one reflection of this is the 10-30 day earlier shift in the date of the 

center of mass of annual flow (CT) for each water year in the Pacific Northwest.  In the North 

Cascades in general the glacier volume loss has contributed up to 6% of the total August–

September stream-flow (Granshaw and Fountain, 2006; Pelto, 2008), offsetting declines from non-

glacier sources.   

 

Thermal regimes in streams reflect the balance of numerous physical processes that cause 

heating or cooling. Isaak et al (2012) has found significant and ubiquitous warming of streams in 

the Pacific Northwest during the summer in unregulated rivers from 1980-2009 of 0.07°C/decade.  

Rates of warming in the Pacific Northwest’s rivers have been highest during the summer 

0.17°C/decade (Isaak et al, 2012).  Air temperature was the dominant factor in both long term and 

inter-annual variability. They noted that discharge and air temperature appear additive and the 

seasonal variation in stream warming rates is determined by whether the two variables operate in 

concert or opposition over a period of time. This is further supported by Luce et al (2014) who 

identified a pattern where water temperature in cold streams did not show high sensitivities to air 

temperature, while warm streams had a tendency for higher sensitivity.   

 

A particular issue in the Nooksack River is the stress of warming stream temperatures on 

salmon (Grah and Beaulieu, 2013).  In this paper the focus is on quantifying the current role of 

glacier runoff in that basin on stream discharge and stream temperature particularly during peak 

warm weather events when glacier ablation and water temperature are at a peak.  The data set of 

discharge and stream temperature in three portions of the same watershed from the USGS and 

simultaneous glacier runoff and ablation measurement below Sholes Glacier provides a unique 

data to do so.   

STUDY AREA 

Glaciers primarily comprise the headwaters of the Middle Fork and North Fork Nooksack River; 

however, the area of glaciers in the South Fork is insignificant (Table 1)(Figure 1).  In the 

Nooksack River basin, glacier runoff supplies 10-20% of summer streamflow (Bach, 2002).    

Nine species of salmon occupy habitats in the Nooksack River that the Nooksack Indian Tribe is 

dependent upon (Grah and Beaulieu, 2013). Three of these species are protected under the federal 

Endangered Species Act for which there are active recovery plans. In the last two centuries the 

population of fish that return to spawn have greatly diminished, because of substantial loss of 

habitat primarily due to human-caused alteration of the watershed.  Climate change is an 

additional threat that has caused and will continue to cause a decreased summer baseflow, and 

increased water temperature, which are both stressful conditions for salmon (Grah and Beaulieu, 

2013).   This will increase the frequency of conditions that exceed the tolerance levels of salmon.  

 

The Nooksack River as a whole is a hybrid basin, exhibiting rainfall-activated (pluvial), 

seasonal snowmelt activated (nival) and glacier melt activated portions (glacial). Each area 
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discharges runoff to the river at different times of the year. In the pluvial segments peak flows are 

occur in November-March. In the nival portions of the watersheds, the period from October-

March is a storage period with precipitation (snowfall) exceeding discharge, whereas April-July is 

a period of increased runoff release (Bach, 2002; Dery, et al., 2009). Glacier runoff peaks in late 

summer (Fountain and Tangborn, 1985). The percent of glaciated area is 6.1 % in North Fork 

Nooksack Basin, 0.04% in South Fork Nooksack, 2.1 % in Middle Fork Nooksack Basin and 1.1 

% in the overall basin at Ferndale (Figure 1).  This difference in glacier extent enables assessment 

of the impact of glaciers on both discharge and stream temperature.    

 

Figure 1.  Map of the Nooksack watershed and glaciers on Mount Baker.   

From 1950-1980 the areal extent of glaciers in the basin increased, with all Mount Baker 

glaciers advancing (Harper, 1993; Pelto and Hedlund, 2001).  Since 1980 all of the glaciers in the 
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basin have retreated significantly (Pelto and Hedlund, 2001; Pelto and Brown, 2012).  Areal extent 

loss in the Nooksack Basin has been 10-15%, since 1980 (Granshaw and Fountain, 2006; Pelto 

and Brown, 2012).  Thirty years of mass balance work in the basin identified a cumulative loss of 

-12 m w.e., equivalent to 15-20% of glacier volume lost from 1984-2013 (Pelto and Brown, 2012).  

Glacier ablation runoff observations indicate a mean contribution of 11-12 m
3
/s from July-

September (Pelto and Brown, 2012), 10-20% of total Nooksack River discharge at Ferndale.   

METHODS 

To more specifically ascertain the volume of glacier runoff contribution to streamflow in the 

North Fork Nooksack River we installed and calibrated a water level recorder below Sholes 

Glacier in 2013 and 2014.  This recorded water temperature, air temperature and water level every 

15 minutes from insertion to removal.  Discharge was measured directly on 30 occasions in 

August and September of 2013 and 2014 to generate a discharge rating curve.   The rating curve 

developed for the Sholes Glacier outlet is used to convert observed water level to discharge for the 

entire period of record.  The gage is removed near the end of the melt season to avoid destruction 

from the heavy snowpack in the region. The stretch of the outlet stream where the study is 

conducted offers nearly ideal conditions for assessment with limited variability in depth, width 

and velocity, including a bedrock bed and non-eroding banks (Figure 2).   

 

Concurrent ablation measurements were made on the Sholes Glacier each summer as part of the 

long term mass balance program at this glacier.  Direct measurement of ablation is determined 

from ablation stakes, changes in snow depth from repeat probing measurements and from 

snowline migration as part of the mass balance program directly measures snow and ice ablation 

and resultant glacier runoff (Pelto, 2008; Pelto and Brown, 2012).  These data including annual 

mass balance, glacier area and snow-covered area versus ice covered area is reported annually to 

the World Glacier Monitoring Service (WGMS). The change in glacier area has also been assessed 

with repeat mapping and reported by Pelto (2011) and Pelto and Brown (2012).  

 

The Sholes Glacier main outlet watershed area is mapped with GPS by directly observing the 

region where surface streams on the glacier are directed into the basin (Figure 3).  This is possible 

during low snowpack years such as in 2013 and 2014.  GPS measurements of this boundary 

provide watershed or glacier ice melt contributing area.  The watershed is more than 90% glacier 

covered, and 95% snow covered.   

 

To assess the broader impact on the Nooksack Watershed we utilize streamflow records from 

the USGS stations at: North Fork Nooksack River at Glacier, Middle Fork Nooksack River at 

Deming, South Fork Nooksack River at Saxon Bridge and mainstem Nooksack River at North 

Cedarville and Ferndale stations.  Table 1 indicates the data type and periods utilized.  Both daily 

and monthly records of temperature and discharge were utilized.  

 

The United States Department of Agriculture-SNOTEL program has two stations in the 

Nooksack Basin that are utilized, Elbow Lake and Middle Fork Nooksack.  Daily air temperature 

and snow water equivalent (SWE) are recorded at each station.  The Middle Fork Nooksack 

SNOTEL station provides a consistent measure of hourly temperature at an elevation 300 m below 

the glacier elevation that is used to generate a relationship between air temperature and ablation.  
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Table 1. USGS stations characteristics and data records utilized.  

 

 

USGS Station 

ID 

Mean 

Elevation m Basin Area km
2
 

Glacier Cover 

% 

Discharge 

Records 

Stream 

Temperature 

Records 

Nooksack 12213100  2036 1.0 1970-2013 None 

SF Nooksack 12210000 914 334 0.04 2008-2013 2008-13 

MF Nooksack 12208000 1141 190 2.1 2007-2013 2008-13 

NF Nooksack 12205000 1311 272 6.1 1950-2013 2008-13 

GLACIER RUNOFF ABLATION COMPARISON  

Daily mean observed discharge at the Sholes Glacier outlet is converted to mean water 

equivalent ablation from the glacier.  This enables comparison to direct ablation measurement on 

the glacier.  Similarly a comparison of measured runoff directly below Sholes Glacier and ablation 

on the glacier provide independent assessment of the volume of glacier runoff from Aug. 3
rd

 to 

Sept.  20
th

, 2013.  In 2013 direct streamflow measurements, during the Aug. 3-9 period indicate a 

mean discharge, equivalent to a loss of 5.5 cm w.e.d
-1

 of snow and ice melt in the watershed.  

Average ablation at 12 stakes in snow during this period was 5.3 cm w.e.d
-1

.  Runoff from August 

9-20 at the Sholes Glacier outlet averaged 4.6 cm w.e.d
-1

.  From August 9-20
 
mean observed 

ablation at 20 locations was 4.7 cm w.e.d
-1

.   

 

 

Figure 2. Location of the stream level gage below the Sholes Glacier installed by Jezra Beaulieu and Oliver 

Grah.  Note the uniform velocity, depth and width character.  Also note turbidity of the stream. 
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Figure 3.  Drainage area of the Sholes Glacier main outlet in Red. 

The stream gage below Sholes Glacier was emplaced on August 6
th

, 2014 and removed on Sept. 

15
th

.  Average stream discharge measured from Aug. 5-11 indicates 5.2 cm w.e.d
-1 

during this rain-

free period.  Average ablation during the week was 4.9 cm w.e.d
-1

 assessed at a series of 8 ablation 

stakes.  Glacier runoff measured from Aug. 24-29 during a rain free period averaged 5.7 cm w.e.d
-

1
. Ablation measurement from Aug. 24-29 averaged 5.3 cm w.e.d

-1
. In each of these four cases in 

2013 and 2014 measured glacier runoff yielded an equivalent ablation rate within 5-10% of direct 

measurements (Table 2).  Runoff calculated from ablation measurement similarly yielded a 

discharge within 5-10% of direct measurement.  

ABLATION MODELLING 

From 1990-2014, daily ablation measurements on the Sholes and Easton Glacier provide a 

direct measure of ablation.  The degree day function (DDF) is the most common means for 

calculating ablation from weather records for glaciers, which relates air temperature to observed 

daily ablation of snow and ice (Hock, 2005). The observed daily ablation is compared to daily 

mean temperature at the Elbow Lake and Middle Fork Nooksack Snotel sites, to generate a DDFs 

for snow and DDFi for ice.  This DDF model is based on 109 days of observations (Figure 4).  

The correlation coefficient between observed daily ablation and daily temperature is 0.91.   

Ablation observations are made at elevations ranging from 1700-2200 m and are a mean for this 

elevation range that represents most of the glacier area in the watershed.    
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Table 2. Comparison of ablation rates determined from field measurements and runoff measurements 

on Sholes Glacier during specific periods. 

Dates Measured 

Ablation 

Rate 

m w.e.d-1 

Mean 

Temperature 

oC 

Runoff Derived 

Ablation Rate  

m w.e.d-1 

July 31 to 

Aug. 5 2009 

0.060 18.5 0.062 

Aug. 14 to 

Aug. 18, 2010 

0.058 19.0 0.057 

Aug. 4 to Aug. 

6 2012 

0.055 18.0 0.056 

Aug. 5 to Aug. 

11, 2013 

0.053 16.5 0.054 

Sept. 11 to 

Sept 15 2013 

0.057 19.0 0.059 

Aug. 5-11, 

2014 

0.049 14.5 0.052 

Aug. 24-29, 

2014 

0.053 14.6 0.057 

 

This reinforces that temperature is the most reliable single parameter for determining ablation. 

The DDFs is 0.0045 m w.e. d
-1

C
-1

, and DDFi is 0.0060 m w.e. d
-1

C
-1 1 

which falls within the range 

of temperate glacier observations (Hock, 2005; Rasmussen, 2009).  Hock (2005) noted on 

temperate glaciers in Norway DDFs of 0 .0040 m w.e. d
-1

C
-1 

to 0.0045 m w.e. d
-1

C
-1 

and for DDFi 

0.055 m w.e. d
-1

C
-1 

to -0.0064 m w.e. d
-
1C

-1
. On South Cascade Glacier values average 0.0040 m 

w.e. d
-1

C
-1 

for DDFs and 0.0058 m w.e. d
-1

C
-1

for DDFi .  

 

The DDF provides a daily value for ablation that is multiplied by the area of glacier cover to 

yield the amount of runoff from Sholes Glacier and the North Fork Nooksack River Basin. The 

cumulative ablation from the model is for July 1-Sept. 30, 2014 is 3.67 m on Sholes Glacier.  

Ablation peaked on Aug. 12
th

 the day after our extensive measurements on Sholes Glacier (Figure 

4).  
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Figure 4.   Relationship between Middle Fork Nooksack air temperature and daily ablation observation on 

Sholes and Easton Glacier. 

In 2014 we installed a gage on an outlet of the Heliotrope Glacier in the North Fork Nooksack 

drainage.  This gage was installed and in place from August 8
th

 - Sept. 22
nd

.  The actual discharge 

could not be adequately determined as an accurate rating curve was not completed and glacier 

ablation was not sufficiently assessed either.  However, the record proved valuable in 

demonstrating the comparability in air temperature and water level with the Sholes Glacier site.  

The correlation coefficient from August 9
th

-Sept.14
th

 for air temperature between the two sites was 

0.91 and for stream level (when the two largest rainstorms of the summer are removed) was 0.80.  

The close relationship of the air temperature record indicates that the degree day function for a 

glacier does not have to be tied to a specific air temperature record measured at the glacier site to 

provide a reasonably accurate calculation of ablation.  This has been noted to be the case in many 

other instances, the USGS has used the Diablo Dam station (45 km distant) for generating a DDF 

for South Cascade Glacier (Rasmussen, 2009).  The relationship in stream level for the two sites 

both immediately below a glacier are responding to the same forcing factors, whether it is melt or 

rainfall, indicates that Sholes Glacier is a good reference site for glaciers in the Nooksack River 

watershed.   

 

This record of discharge from Sholes Glacier is compared to the glacier runoff calculated from 

the DDF and glacier area.  This comparison of measured and modelled glacier runoff yields a 

correlation coefficient of 0.80 for Sholes Glacier.  This correlation is based on the days with less 

than 0.025 cm w.e. of precipitation, which is the majority of days (Figure 5).  Because the DDF 

record has been validated with field observations of ablation, the modelled runoff is an 

independent validation of the discharge record. 
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Figure 5.  Daily and cumulative ablation from July 1 to Sept. 30, 2014 on Sholes Glacier determined from a 

degree day function calibrated with direct daily ablation and stream discharge measurements. 

Glacier Runoff Contribution to North Fork Discharge 
 

The Sholes Glacier discharge record is upscaled to the entire basin using the glaciated area 

derived from satellite image determination (Pelto and Brown, 2012). The product of the validated 

DDF and glacier area in the North Fork Nooksack watershed above the USGS gage provides daily 

discharge from glacier runoff.  This is compared to the observed mean daily discharge at the 

USGS station on the North Fork Nooksack to determine the percent of runoff generated by 

glaciers in 2014.  The percent glacier contribution peaked on Sept 15
th

 and 16
th

 at over 80% of 

total stream discharge (Figure 6).  In 2014 there was minimal non-glacier snowpack remaining on 

Sept. 15
th

 and there had not been significant precipitation in the previous 14 days. From Aug. 1 to 

the end of the melt season there were 21 days with glacier runoff providing 40% or more of the 

total runoff, while there were no days in July where this occurred. This is an illustration of the 

increasing seasonal importance of glacier runoff to streamflow after August 1 (Pelto, 2008).   

 

The most important result is that the large local data set used in model construction and for 

model validation, allowed the production of a model that is both more accurate and more tightly 

constrained by actual field data than most models. 
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Figure 6.  Amount of glacier runoff in the North Fork Nooksack River at the USGS gage, determined from 

the direct discharge measurements below glaciers and ablation measurements on the glaciers.  

NOOKSACK RIVER DISCHARGE AND STREAM TEMPERATURE 

Stream temperature and discharge records are continuous in the three Nooksack basins only 

after the summer of 2008.  Thus, we focus only on the 2009-2013 summer seasons for examining 

the specific relationships between discharge, water temperature, air temperature and glacier runoff. 

Table 3 contains the correlation coefficient for each basin between water temperature, air 

temperature and discharge.  For the North Fork there is a strong direct relationship between air 

temperature and discharge, indicative of the contribution of glacier melt.  There is a negative 

relationship in the North Fork between precipitation and discharge during the late summer 

indicating that the reduction in glacier melt that accompanies cooler-wet weather events offsets the 

contribution of precipitation.  In the South Fork, there is a negative correlation between air 

temperature and discharge, and a positive correlation with late summer precipitation events.  All 

three forks of the river exhibit a positive correlation between stream temperature and air 

temperature.  At present the stream temperature record is too short to generate a robust model of 

stream temperature from discharge, air temperature, glacier ablation and precipitation.   

 

Warm Weather Thermal Response 

To distinguish the different thermal responses we focused on the most stressful period, late 

summer warm weather events.  Warm weather events were defined as at least three days with 

mean daily air temperature above 16
o
C at the Middle Fork Nooksack Snotel station.  These are 

unusual events for the region that occur 2-4 times annually. From 2009-2013, 12 warm weather 

events were identified.  The mean increase in air temperature during the warm weather events 

from prior to their initiation was 7
o
C. Such warm weather events are the key periods that lead to 

high stream temperatures and lower discharge in streams not fed by glaciers. For water 

temperature an increase of 2
o
C is the threshold of significance used for response to warm weather 

events.  This value was chosen as this is a deviation that is seldom achieved without a warm 

weather event in the South Fork.  For the North Fork and Middle Fork two of 12 events exceeded 
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this temperature increase threshold, and for the South Fork 12 of 12 events exceeded this 

threshold.   Warm weather events consistently generate a significant increase in stream water 

temperature only in the non-glaciated South Fork Basin, the mean increase was 3.2
o
C (Table 3).  

The different thermal response of the three basins is evident in the graphs from 2009 and 2010, 

each event is indicated by an orange ellipse (Figure 7-8).   

 

Increased glacier discharge largely offset the impact of increased air temperature on stream 

water temperature during the warm weather events leading to a mean change of 1.1
o
C in the North 

Fork and 1.0
o
C in the Middle Fork, effectively one third of the temperature increase seen in the 

South Fork.    

 

Figure 7. Water temperature summer 2009 at the USGS gages in the Middle Fork, North Fork and South Fork 

Nooksack River compared to daily air temperature at the Middle Fork Nooksack SNOTEL site.  
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Figure 8. Water temperature summer 2010 at the USGS gages in the Middle Fork, North Fork and South Fork 

Nooksack River compared to daily air temperature at the Middle Fork Nooksack SNOTEL site.  

Discharge Response to Warm Weather Events 

For discharge during the same warm weather events a 15% increase is set as the key threshold 

for a significant response to each warm weather event.  This threshold was chosen as only 

significant rain or melt events generate this large of a change.  For the North Fork, 11 of 12 warm 

weather events exceeded this limit, in the Middle Fork 8 of 12 events had a significant response, 

and for the South Fork none of the 12 events led to a 15% flow increase.  The average discharge 

change for the warm weather events are + 26% in the North Fork, +19 % in the Middle Fork, and -

16% in the South Fork (Table 4). It is apparent that warm weather events increase glacier melt 

enhancing flow in the North Fork and Middle Fork, and in South Fork a basin without glacier 

runoff, the hydrologic system consistently experiences reduced discharge.  The response is 

illustrated for warm weather events in 2009 and 2010, red ellipses indicate the warm weather 

events in Figure 9 and 10.    



51 

 

 

Figure 9. Summer Discharge 2009 at the USGS gages in the Middle Fork, North Fork and South Fork 

Nooksack River compared to daily air temperature at the Middle Fork Nooksack SNOTEL site.  

 

 

Figure 10. Summer Discharge 2010 at the USGS gages in the Middle Fork, North Fork and South Fork 

Nooksack River compared to daily air temperature at the Middle Fork Nooksack SNOTEL site.  
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Table 3.  Correlation coefficients for each basin between hydrologic and climatic variables during late 

summer. 

Basin Air Temperature-

Discharge 

Precipitation-

Discharge 

Air Temperature-Stream 

Temperature 

Stream Temperature-

Discharge 

SFK -0.25 0.44 0.67 -0.28 

NFK 0.43 0.13 0.56 -0.07 

MFK -0.35 0.41 0.56 0.00 

 

Table 4.  Mean response of Nooksack River watershed to the 14 warm weather events from 2009-2013.  

The change in air temperature is assessed at the rise in the mean daily temperature at the Middle Fork 

Nooksack SNOTEL site.  

Basin Air Temperature 

Change C 

Stream Temperature Change 

C 

Stream Discharge Change 

SFK +8 +3.4 -15% 

NFK +8 +1.1 +23% 

MFK +8 +1.0 +16% 

 

CONCLUSIONS 

Warm weather events are a focus, because it is a combination of low discharge and high 

temperatures that are stressful for salmon.  There is a marked pattern of reduced temperature 

sensitivity and of enhanced discharge in basins with higher percentages of glacier cover during 

warm weather events. Currently, increased glacier ablation has resulted in an increase in discharge 

during warm periods in the late summer.  The result of continued glacier volume loss and glacier 

retreat will ultimately be a reduction in the enhanced discharge, leading to reduced flow during 

warm-dry low flow events with continued climate change.  There will also be a greater sensitivity 

of the water temperature to warm weather events.  In the North Fork between August 1
st
 and 

October 1
st
, glaciers provided more than 30% of runoff for a majority of the days, and more than 

40% of the runoff on 21 days.  

 
It is evident that glaciers play a critical role in the Nooksack River in moderating fluctuations in 

both discharge and temperature, which would reduce stress for salmon in a system fed by glaciers.  

Chinook, coho and chum salmon in the North Fork can migrate up to the base of Nooksack Falls 

40 km upstream of the North Fork-South Fork confluence (WFDW, 2014). Overall populations 

and escapements have increased as a result of increased hatchery releases, but natural-origin 

spawning chinooks have not increased and are still doing poorly (WFDW, 2014). They found an 

overall pattern of declining salmon smolt survival trend over the 1977-2010 period.  Both the 

riverine and marine environments are experiencing physical changes due to climate change as well 
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as more direct human influence on the aquatic habitat that are placing a stress on the salmon 

(Zimmerman et al, 2015;Luce  et al, 2014).   The continued loss of glaciers in the future with 

continued climate change will lead to a continued reduction in this moderating ability.  The change 

in glacier area is the key component to overall glacier runoff, and hence quantifying the declines 

in glacier runoff (Jost et al, 2012).   
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