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Objective

Despite recognizing the importance of lake ice monitoring, databases of lake ice freeze-up, 
break-up, and ice thickness observations have dramatically declined from 1980 to present 
(Lenormand et al., 2002). The number of monitored lakes has severely decreased, with 
few observations for northern lakes, and temporal gaps in existing records which reduce 
database utility.  

State of freeze-up/break-up networks in the 
Canadian Lake Ice Database (Lenormand, 

et al., (2002).

• Satellite remote sensing an alternative 
means to collect observations

• National volunteer ice monitoring program, 
Ice Watch

Means of reviving, at least, the freeze-
up/break-up network



Data and data processing

Satellite data record

• NOAA/AVHRR single day composites for the period from 
1985 to 2007.  (Latifovic et al., 2003)

• SPOT/VEGETATION S01 single day 1999-2000 and 10 
days composites S10 1998-2007  

In situ data

Canadian Ice Data base (Lenormand et al., 2002)

Ice Watch  ( http://www.plantwatch.ca/english/icewa tch/ ) 

Red:  CID 1985-1999 - 45 Lakes 
Yellow IW  27 Lakes 2000 – present
*No date of first ice or melt in 2000-present in-situ data



Lake ice seasonality profiles assembled from NOAA/AVHRR and SPOT/VGT daily observations and sample 
imagery displaying lake ice seasonality. Acronyms denote  start of ice break-up (BUS), end of ice brake-up 

(BUE), start of freeze-up (FUS), and end of freeze-up (FUE). 

Extraction methodology



Example lake reflectance temporal profile for extracting seasonality events. Thin grey line 
shows mean, upper and lower dashed lines show 95 % bounds, red line shows simplified 
profile. 

Flowchart of the automated 
extraction procedure. 

Extraction methodology



Implementation
Names and locations for lakes analyzed. Dashed line  
identifies lakes in the far north for which only a 20 year 
remote sensing record was available. Lake selection

In-situ lake ice seasonality data
Lake reflectance temporal profile 
Visual Extraction
Automated Extraction



Visualization of profile data. A) Shows a 
sample section of the matrix from 1994-2004 
where brighter values represent ice\snow and 
darker values water, black areas are gaps of 
missing data. The duration of ice off conditions 
is clearly identifiable in the image, with the 
longest duration in the south (right) and 
shortest in the north (left). B) Three 
dimensional view of the matrix. C) Example 
profiles for three lakes representing a gradient 
from north to south.



Evaluation and accuracy assessment

• Evaluation against in situ data
Automated extraction 
Visual extraction 

• Comparison of results obtained using different sensors
SPOT/VEGETATION
NOAA/AVHRR

• Verification of the argument with air temperature

• Verification of continuity between in-situ and lake ice events extracted 
from satellite data  



Evaluation and accuracy assessment
In-situ 



Evaluation and accuracy assessment
In-situ 



AVHRR

VEGETATION

*Shows good correspondence for BUE detection, but insufficient VEGETATION data for FUS estimation.

VEGETATION

AVHRR

Evaluation and accuracy assessment
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Break-up date comparison for 45 
lakes in the year 2000

*Generally good correspondence between AVHRR 
and VEGETATION. Outliers reveal errors in the 
estimate for one of the sensors and can be used 
for effective quality control.
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*Poor correspondence in the date of first ice 
detection due to insufficient coverage of  the 
VEGETATION sensor at higher latitudes for 
the fall-water period.

First Ice date comparison for 45 
lakes in the year 2000

Evaluation and accuracy assessment
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AVHRR
VEGETATION
1:1 Line

Break-up date comparison for 27 lakes in the year 2000 with in-
situ data

Mean absolute error:
AVHRR = 10 days

VEGETATION = 8 days
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Evaluation and accuracy assessment



Spatial pattern of a) break-up and b) freeze-up  trends for the period 
1970-2005. Dashed line identifies lakes in the far north for which only a 
20 year remote sensing record was available.

a) b)





Satellite data can complement in-situ observations of lake ice providing long term 
records, continuity, and consistency over large spatial regions at potentially lower cost 
than other methods

Trend analysis performed using combined remote sensing and in-situ data show:

• Ice break-up is occurring earlier and freeze-up latter for most lakes in Canada 
with regional differences between eastern, western and the far northern regions. 
The later appears to be experiencing the most change, but further monitoring is 
required to develop a record of sufficient length to facilitate a conclusive evaluation.

• The 10 years of satellite data acquired by SPOT VEGETATION sensors is an 
excellent control data set, when combine with AVHRR and in-situ data it presents a 
solid base for establishing lake ice seasonality time series.

Conclusions



Assembling satellite data records is resource intensive, requiring processing of large 
data volumes to generate geometrically and radiometricaly consistent time series.

• Regular updating, acquiring and processing raw data to products designed for specific applications.

• Acquiring and processing auxiliary data required for satellite data correction. 

• Data quality control including georeferencing accuracy, radiometric consistency and cloud screening.

• Developing procedure and tools for data extraction based on spatial temporal and thematic criteria.

• Transferring and delivering historical data record to users

Assembling satellite data records should carried out by specialized teams of engineers 
who have access to instrument status and scientists who have feedback from  the 
science community to ensure the generation of relevant satellite data records.

Conclusion
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