
Recently Piomas released the data for their new and enhanced sea ice model. This new model 

was recently published in the Journal of Geophysical Research. What the Piomas model does is it 

accurately estimates the volume of Arctic sea ice for every given day from today all the way 

back to 1979. Most news organizations and individuals tend to focus on the Arctic Sea Ice Extent 

because of the social importance of the opening of the northern passages to shipping but rarely 

do you hear reporting on the sea ice volume.  

 

 
 

This is surprising because it is the sea ice volume that is perhaps the most stunning indicator of 

the health of the Arctic cryosphere. Both the extent and volume are undoubtedly linked but it 

might be surprising to some that the sea ice volume shows a stronger correlation with Arctic air 

temperature change (R
2
= 0.776) than it does with sea ice extent (R

2
= 0.748). Where the ice 

extent is often associated with specific meteorological conditions (storminess, wind) at the given 

time, the sea ice volume is more strongly dependent on temperature. An example of this would 

be to think of the central ice pack contains thick multi-year ice in the Arctic and although the 

extent of this ice might not significantly change over time, the ice has been rapidly thinning due 

to melting on the bottom from rising ocean temperatures and on the top from rising arctic air 

temperatures.  



 
 

So given the sensitivity of the sea ice extent to various meteorological conditions that the volume 

measurements might be less vulnerable to, we will investigate a little further how Arctic Ice 

Volume has changed over the past 30+ years.  

 

 
Figure 1: 365 day average of Arctic Sea Ice Volume based upon the Piomas Model.  

 

As we can all see from the graph. It is clear that sea ice volume shows the same downward spiral 



that we’ve seen from the sea ice extent, but that where the extent may have slightly recovered, 

the volume of ice in the arctic has continued to plummit. This is because older, thicker ice is 

being replaced by a much thinner ice cover. The question is why? Why does the volume continue 

to decrease even with an extent that has “recovered” to being only the 3
rd

 lowest in recorded 

history?  

 

Well the simple answer is to examine the primary driver in Arctic ice volume, Arctic 

Temperature.  

 
Figure 2: Arctic temperature change since 1880.  

 

It is clear based upon this figure that the arctic is continuing to warm extensively. But are we 

sure that the two are strongly related? 

 



 
Figure 3: Relationship between Arctic ice volume and Arctic temperature change from 1979 to 2010.  

 

In short: Yes.  

The Arctic Ice volume shows a very strong relationship when compared with the region’s air 

temperature trends.  

 

But how can we use this information? 

One way is extrapolate back in time to estimate what Arctic ice volume was in the past. To do 

this we use the relationship identified between temperatures and sea-ice to predict based upon 

regression techniques. This allows us to make a prediction for times when we don’t have sea-ice 

data but do have the known temperature data. The period where the relationship is established 

(i.e. where both datasets overlap) is termed the training period and the period where the 

prediction is made is the prediction period. A good predictive model will be able to reproduce 

the current trends within its 95% confidence intervals allowing us to trust its predictive capacity 

going back or forward in time.  

 



 
Figure 4: Predicted sea ice volume based upon regression techniques with 95% confidence intervals and 

compared to the Piomas ice volume model results.   

 

As is always the case when trying to model physical phenomenon, no model is perfect but then 

again, no modeller ever professes to be perfect either. This model presented shows what would 

be predicted if the relationship between Arctic air temperature and Ice Volume remains 

constantly linear through time, however that sort of consistency is often rare and hard to find in 

physical phenomenon and in this model it seems that even the model is unable to predict the 

rapid decline in ice volume over the past several years. My interpretation of this is that once you 

cross a certain threshold, the system begins to act differently than it has in the past. Take that 

however you like.  

 

 

Some notes: 

*Arctic Ice Volume was most strongly correlated with Annual Temperature Anomaly 

**Second highest correlation was found with Fall Temperatures (0.7) with all other seasons less 



than 0.5 of a correlation 

***R
2
 demonstrates the amount of variance explained in dependent variable (y-axis) by the 

changes in the independent variable (x-axis).  


