
• At the end of each trial, the correct category was revealed and the subjects 
recorded the accuracy of their category guess. 
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Accumulation gradients change throughout the summer ablation season due to higher rates of melting at low 
elevations. Therefore, it will be important to develop models to account for changes in accumulation gradients 
between the time the are measured by JIRP during mid summer and the end of the ablation season in late 
September.  
 
Between 2004 and 2016 average annual accumulation on the Taku Glacier varied by approximately 2.5 
meters at high elevations. During negative mass balance years when the ELA is at a high elevation using the 
12 year average would produce significant uncertainty. However, for years with a moderate to low elevation 
ELAs calculating mass balance based on the average accumulation gradient would not produce significant 
uncertainty. As climate change drives ELAs up in the coming decades in situ observation of accumulation will 
become increasingly important to accurately calculate mass balance.  
 
The presence of ice lenses and density variation within the accumulated snow does not have a significant 
effect on s.w.e.. Therefore JIRP could calculate s.w.e. at based on probing and GPR data without introducing 
a undue uncertainty into the dataset.  

Conclusion

Introduction & Methods
For over 60 years, The Juneau Icefield Research Program (JIRP) has maintained the longest running study of any 
glacier in the Western Hemisphere. This data set, the second longest in the world, records the annual mass balance 
of the Taku Glacier, the largest outlet glacier on the icefield. More recently, it also includes measurements of the the 
Lemon Creek Glacier, a small valley glacier on the southwest margin of the icefield.  
 
Each summer JIRP students add to this data set by diging meters-deep mass balance pits at a variety of elevations 
throughout the Juneau Icefield. Annual balance for the Taku and Lemon Creek glaciers is calculated from 
accumulation gradients derived from the snow water equivalent (s.w.e.) measured at each pit. Because digging 
mass balance pits is labor intensive, data is only collected from 30 locations on the 3,900 square kilometer icefield. 
In the spring and fall, Christopher McNeil also collects accumulation data on the Taku and Lemon Creek glaciers via 
snow pits, ground penetrating radar (GPR), and probing. Relying on these two data sets JIRPS and McNeil’s, our 
research investigates seasonal and annual variability of accumulation gradients (and by extension mass balance) 
on the Juneau Icefield. 
 
In addition, we compared the snow pit depth to the s.w.e. value for all pits dug on the Taku and Lemon Creek 
glaciers between 2004 and 2016. This comparison allowed us to assess variability in the correlation between pit 
depth and s.w.e. in different locations across the icefeild due to ice lenses and local density variations. Determining 
the magnitude of variability allows us to assess the viability of using data from GPR and probing (two methods used 
to calculate s.w.e. from depth alone that are far less labor intensive than pits) to construct accumulation gradients. 

Figure 1: Map of the Lemon Creek and Taku Glaciers on the  Juneau Icefield. Figure 2: Lemon Creek accumulation data 
derived from GPR, probing, and snow pits. 

 
 

Figure 3: spring, summer, and fall accumulation gradients on Lemon Creek Glacier derived from ablation stake data. Gradient slopes are shallower in the 
spring and steeper in the fall indicating that melting occurs at a higher rate at lower elevations. Thus, accumulation gradients derived from data collected in 
the early and mid summer will overestimated the accumulation at lower elevations.  

Effect of Annual Accumulation Gradient 
Variability on Mass Balance

Figure 5: the first two graphs in this figure show the variability of mass balance gradients (ba) on the Taku glacier based on mid summer 
accumulation data (corrected to end of summer values using a temperature index model) from the last two decades. There is more variability 
in the accumulation gradients during years when the ELA is at high elevations.  
 
The third graph shows the uncertainty associated in glacier-wide mass balance (ΔBa) calculated from the mean accumulation gradient at 
each elevation of the ELA. For ELAs at low elevations, the variability within the mass balance is well below the uncertainty associated with 
mass balance data collection. However, in years when the ELA is at higher elevation, uncertainty rises. (Figure from by McNeil and 
colleagues). 
   

 Interannual Variability of Accumulation Gradients

Figure 4: the Average Gradient shows mean mid-summer accumulation on the Taku Glacier between 2004 and 2016. Gradient Variance 
show the range of gradients within one standard deviation of the mean. Standard deviation at high elevations approaches 3 meters but is 
lower closer to sea level.  

Figure 6: density changes within the accumulated snow and the variable presence ice lenses do not have a significant effect on the s.w.e. 
measured at each pit. This indicates that s.w.e. could be calculated with a high degree of confidence based on snow depth measured through 
GPR and probing.  

•  Annual variations in accumulation gradients on the Juneau Icefield do not have a 
significant effect on mass balance except in years with high elevation ELA  

•  Accumulation gradients vary throughout the ablation season.  
•  Probing and GPR are promising methods for accumulation data collection on the 

Juneau Icefield.  


