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What is Earth Observation? 

Earth Observation is the gathering of information about Earth’s physical,

chemical and biological systems using satellites, airborne, waterborne and

earth-based (in situ) sensors. It involves monitoring and assessing the status

and changes in natural and man made environments. It comes from sources

that are :

1. In-situ
• Stream gauges, air quality stations, weather station, buoy, etc

2. Airborne
• Aerial photography, LIDAR, etc

3. Space-borne
• Optical, radar, etc
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Water asset account in Canada

1. Main impetus for the creation of the water asset account was to 
first provide a measure of the stock of renewable freshwater 
resources. 

• Currently working to add other aspects of the water budget 
(precipitation, evapotranspiration, total water stocks)

2. These estimates are an important element of Statistics Canada’s 
suite of data on natural capital.

• Integrated data and regular reporting on trends in freshwater is 
a growing concern worldwide
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EO is a requirement to produce a water asset account

1. The most likely data source is stream gauging data for volume

1. But some argue that this can be done using satellite data

2. Certainly many aspects of the water budget can be informed by satellite data

2. NSO require new data streams and computing technologies:

1. Satellite earth observation can provide internationally comparable data

2. Satellite earth observation is important for validation of other data 

3. “In-situ” earth observation and In-situ knowledge are also required.

4. “Advanced” computing environments and skills are required to handle the new data news

5. Global data may be freely available, but a) are they good enough? and b) can they be 

integrated properly in a timely manner?



Overview of methodology

Filter HYDAT streamflow data

Generate basin centroids

Derive monthly runoff values Develop monthly semi-variograms



Interpolate monthly surfaces Summarize to generate outputs
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• The average annual water 

yield—an estimate of Canada’s 

supply of renewable 

freshwater—was 3,478 km3 

from 1971 to 2013. 

• This volume is equivalent a 

depth of  349 mm across the 

entire country.

Average annual run-off
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1. Datasets created from EO are usually not designed for official statistics 

2. NSO workflow changes from data creation to data evaluation and 
integration of the EO datasets (see next slide)

3. NSO needs to adapt in order to:
A. Develop methodologies to properly interpret datasets to create official statistics 

B. Evaluate global datasets that are often designed without regional considerations

C. Keep up with ever increasing number of EO generated datasets (continuous risk of 
falling behind and loosing relevance)

D. Adjust the national or regional data where local data of better quality highlights 
important shortcomings of the national or regional EO dataset

E. Evaluate EO data where other data often do not exist

F. Influence EO producers to integrate official statistics objectives into the EO processing 
workflow from the beginning

4. There is now also a call on NSO to create statistical data from raw satellite 
data (Ref. U.N. Global Working Group on Big Data for Official Statistics)

Challenges of using EO for Official Statistics



Delivering insight through data, for a better Canada

NSO workflow 
changes from 
data creation to 
data evaluation 
and integration 
of the EO 
datasets

D
at

a 
p

ro
d

u
ce

r

Data

• Earth observation (satellite and airborne)
• Geospatial data layers
• Field data

Preprocessing
(data preparation)

• Geographical registration, correction of the effect 
of elevation (orthorectification)

• Corrections and calibrations
• Mathematical transformation to enhance images 

to make them more suitable to meet 
requirements

Digital image processing for 
information extraction

• Use of computer's decision-making capability to 
identify and extract specific pieces of information

• Human operators instruct the computer and 
evaluate the significance of the extracted 
information 

Quality control

• Accuracy assessment
• Document uncertainties and limitations 

associated with the approach 

D
at
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• Horizontal and vertical integration with other 
data layers

• Document data sources and accuracies

Results

• Baseline
• Change detection/
• Documentation  
• Etc. 
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Change in total water storage (TWS) using GRACE satellite data

• Collaborating with science department (Natural Resources Canada) to produce long 

term trends in total water storage (TWS)

• TWS can be used in an account or for 

validation of other water accounts data

• TWS is a combination of surface water, 

ground water and soil moisture

Gravity Recovery and Climate Experiment (GRACE) - NASA
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• Produced by European Commission’s Joint Research Centre

• Maps the location and temporal distribution of water surfaces at the global scale 

over the past three decades and provides statistics on the extent and change of 

those water surfaces:

1. Water Occurrence (1984-2015)
2. Water Occurrence Change Intensity (1984-

1999 to 2000-2015)
3. Water Seasonality (2014-2015)
4. Annual Water Recurrence (1984-2015)
5. Water Transitions (First year to Last Year)

Global Surface Water (GSW)
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Measuring change in extent

14

Source: Jean, Martin, et Guy Létourneau. 2011. Changements dans les milieux humides du fleuve Saint-Laurent de 1970 à 2002, Environnement Canada, Direction générale des 

sciences et de la technologie, Monitoring et surveillance de la qualité de l’eau au Québec, Rapport technique numéro 511, 302 pages.

Differences between all homologous pairs of 
months were averaged to create the surface 
water occurrence change intensity map 

1. The GSW – decrease 
area was compared to 
the Wetland maps 
produced by 
Environment and 
Climate Change 
Canada for the same 
time periods.

2. The wetland maps 
show low marshes 
(purple) where GSW 
has identified water 
decrease 

3. Marshes are 
periodically or 
permanently flooded, 
there are no or few 
trees and bushes, and 
in season vegetation 
can be seen above 
water.
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Conclusion

• Currently, in-situ Earth observation is used to compile the Water Asset Account

• Global run-off databases could be used to estimate renewable water, with caveats

• Satellite Earth observation (SEO) is used to map land cover, providing valuable 
contextual information for the interpretation of the Water Accounts 

• Quantity and quality of water is influenced by land cover and land use 

• It is likely that SEO will eventually be used to measure some variables of the Water 
Accounts 

• Selected parameters for a Water Quality Account

• To measure change in the total mass of the water assets over time 

• To measure extent and change in extent of water area 

• although not a variable in the accounts, can be used as an indicator
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Thank you!


