
Introduction 

Seasonal snowfields provide valuable water 

resources to many populated regions throughout 

the world. These snowfields are particularly 

vulnerable in a warming climate and there is 

concern for future water supplies in these areas. 

Snow cover situated at low elevations, or in 

relatively warm or variable climates have increased 

vulnerability to future changes in climate. When the 

entire snowfield, rather than the fringes,  is exposed 

to one or more of these conditions the vulnerability 

of the snowpack is further increased.  

Marginal snowfields (MSF) typically occur in these 

warmer climates, receive isolated small snow cover 

with a high snow perimeter to area ratio and a  

prevalence of patchy snow cover. Due to increased 

vulnerability, these regions can experience high 

interannual and spatial variability in snow cover 

area, timing and snowpack properties.  

The Australian alpine region is an example of an 

MSF. In a warming climate we may expect 

increased prevalence of MSF-like conditions 

throughout other alpine regions and therefore stand 

to learn a lot from current MSF's for inference to 

larger snowfields in the future. 

What have we learnt from marginal snowfields? 

Using observations from marginal snowfields to  

further understand variability in snowpack properties 
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Conclusions 

A. Unique snow properties B. Limitations of global remote sensing products 

C. Declines in snow cover & earlier snowmelt D. High spatial and temporal variability in 

snow cover and properties 

Implications of this research 
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Figure 1: Observed spring snow 

densities from 1700 years of data at 

96 sites throughout the US, former 

Soviet Union and Australia 

Very high spring 

snow densities in 

Australia Misclassification of snow as 

cloud by MOD101A product 

during clear skies  

Figure 2: Comparison of regionalised MOD-

MADI product [2] (left) with MOD10A1 global 

fractional snow cover product (right) 

Figure 3: Significant declines in 

observed snow cover in Australia 

over the last 11 years 

Figure 4: Observed trend towards 

earlier snowmelt at elevations 

pertinent to Australian  ski resorts 

~30% reduction in snow 

cover area since 2000 

(~ 100km2/year) 

Figure 5: Very high variance observed 

in seasonal snow densification rates in 

Australia (left) with proportion from 

interannual variability (right) 

Figure 6: Typical regional 

snow density profiles for 

the US (grey), former 

Soviet Union (blue) and 

Australia (red) 
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• The use of global binary snow cover products are 

limited in MSF with unique snow properties due to 

snow/cloud misclassification issues and high 

proportion of mixed pixels. 

• Snow metamorphisms are higher in MSF’s 

which have implications for snow models 

using time as a predictor for temporal 

changes or density-time curves 

• Warm, variable snow environments such 

as seen in Australia may become more 

common in a warming climate. 

• Current issues with remote sensing of patchy snow and 

snow model performance during warm climates are 

exacerbated in MSF’s due to unique snow properties and 

high spatial and temporal variability. 

• Generally high snow densities 

• Stronger annual densification rates 

• Likely reduction in grain size due 

to increase snow metamorphisms 

• Reduced reflectance in optical 

bands 

• Fine spatial resolution is required 

due to small snow cover (<1km) 

• High temporal resolution of 

retrievals is required as large 

changes can occur quickly 

• Large prevalence of mixed pixels 

due to relatively long perimeters 

Earlier spring snowmelt 

by ~ 30 days  

(~ 2.7 days/year) 


