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 I. Executive summary 

1. Given the steady advancement of Earth Observation (EO) technology and 

infrastructure over the past decades, and the selective use of EO data by some National 

Statistical Offices (NSOs), the objective of this CES in-depth review is to report on the state 

of NSO activity with respect to this data source, and its potential to address current or 

emerging needs of official statistics. 

2. As context, the work of three important international organizations and three recent 

comprehensive studies on the actual and potential applications of EO data to various 

statistical programs are discussed and implications suggested.  This is followed by a review 

of EO-related activities within the statistical programs of Austria, Canada, Mexico and 

Eurostat.   

3. The country review found that EO inputs are commonly used to support agricultural 

statistics and environmental accounts, with an increasing level of activity in the area of 

sustainable development indicators such as land-use, climate change, water stress and water 

quality.  In terms of research on emerging applications, knowledge is advancing on how to 

store and manipulate EO imagery more efficiently (Australia, Mexico), for use in real-estate 

valuation and maintenance of statistical registers (Austria, Canada), and for the purposes of 

reporting on SDG-related indicators (Canada, Mexico, Eurostat.) 

4. Several cautionary lessons can be learned with respect to the use of EO data by NSOs:  

• NSOs often lack the expertise in how to process and apply EO data to their needs 

• There is a risk of over-confidence that EO data is a “complete” solution for NSO needs 

in a given area 

• Transformation of business processes to accept EO input requires time, budget and 

institutional commitment. 

5. Despite these important considerations, the review found real opportunities for NSOs 

in this area: 

• The strength of EO data is on macro-level collection and reporting.  Agriculture and 

environment statistics are well-suited to this level of reporting 

• There is growing attention on the Sustainable Development Goals and the indicators 

supporting them.  EO data are well-aligned to a significant number of the target 

indicators 

• The complexity and cost involved in leveraging EO data as an input to NSO programs 

provides a compelling reason to collaborate on the development and implementation 

of common approaches. 

6. To the extent that the international NSO community is being asked to play a role in 

SDG reporting in the future, the authors of the paper identify the following recommendations 

for discussion: 

• NSOs should use the SDG framework to drive collaboration on EO-based research.  

This will accelerate decision-making on which indicators are best supported by EO 

data 

• NSOs should collaborate on a generalized approach to using EO-data to support the 

production of specific SDG indicators to reduce costs of processing and integrating 

EO-enabled SDG reporting  

• NSOs, as a community of practice, should collaborate with the national / international 

EO community to articulate and implement a generalized approach to EO data 

collection and processing as input to SDG reporting.  Such a development would go 

a long way to bringing EO-inputs to a level comparable to many of the other inputs 

used currently by NSOs. 
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 II. Introduction 

7. The Bureau of the Conference of European Statisticians (CES) regularly reviews 

selected statistical areas in depth. The aim of the reviews is to improve coordination of 

statistical activities in the UNECE region, identify gaps or duplication of work, and address 

emerging issues. The review focuses on strategic issues and highlights concerns of statistical 

offices of both a conceptual and a coordinating nature. The current paper provides the basis 

for the review by summarising the international statistical activities in the selected area, 

identifying issues and problems, and making recommendations on possible follow-up 

actions. 

8. Developed first for use in military and mapping applications, the uses of satellite 

imagery have slowly expanded over time; their key strength being the ability to receive and 

process generalized data for a large area at relatively low cost.   In a sense, satellite data can 

be seen as one of the first sources of ‘big data’, large-scale datasets requiring substantial 

processing and storage capacity in order to exploit.  

9. Over time, the variety and accuracy of satellite sensors improved, extending the 

domains of practical application, especially in agriculture, forestry, meteorology, and 

geology.  As NSOs expanded their programs in these same areas, the use of Earth 

Observation technology as a data collection instrument also began to be considered.   

10. Today, all NSOs face an incremental demand to produce more for less.  This means 

more domains and more disaggregation in less time and lower cost.  At the same time, they 

must exploit large-volume datasets that help describe macro-level phenomena such as land-

use changes, water-stress, climate change, etc. 

11. In order to promote discussion and efficient exploitation of this data source, the CES 

Bureau selected the topic of use of satellite image data in official statistics for an in-depth 

review at its October 2018 meeting. The statistical offices of Mexico, Canada, Austria and 

Eurostat expressed interest in collaborating on a paper to provide basis for this in-depth 

review. 

12. Sections 3-6 of the report outline recent relevant contributions in this area, followed 

by a summary of the different uses to which satellite data / earth observation data are put by 

NSOs contributing to this report. 

13. Sections 7-9 of the report consider emerging concerns for NSOs with respect to EO 

technology as a collection instrument, suggest domains where satellite / earth observation 

technologies might be profitably applied, and recommend that NSOs actively collaborate to 

accelerate the development of techniques to exploit such data as input to evidence-based 

decision-making at many levels.  

 III. Scope / definition of the review 

14. The intent of this review is to survey how various types of satellite data and the 

techniques used to process or analyze them are used to support the Generic Statistical 

Business Process Model (GSPBM) as applied within National and International Statistical 

Organizations.  Situating the review in this way helps clarify when, why, and how the data 

are used within that process. 

15. Second, the report is structured so as to make clear the distinction between uses that 

support existing programs leading to published official statistics, versus research or 

experimental work.  This is important, as it helps to clarify domains in which existing earth 

observation technology has been proven, versus emerging opportunities or experimental 

work.  

16. Deeper review of the different applications will, at a subsequent phase, improve the 

understanding of the “business case” for earth observation technology as a data collection / 

processing mode.  More specific questions about the relative costs, quality and timeliness of 

such data, as compared to other approaches need to be fully understood, as well as any 

significant limitations of the data or techniques.  Given the investment involved, it is also 
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important to consider whether satellite data are being acquired and managed as part of a 

systematic input to a NSO-wide geographic/geospatial data framework, or whether they have 

more limited application to specific programs.  The “Enterprise Geospatial” approach helps 

to achieve economies of scale for the NSO as a whole. 

 IV. Overview of recent activities in the area 

17. The field of Earth Observation technology has seen progressive development for 

several decades.  Over time, technological advancements have allowed spatial resolution and 

refresh intervals to increase, while prices have declined.  This, in turn, has spurred work to 

identify new applications of the data emanating from this infrastructure. EO is an active field, 

though somewhat less well utilized within official statistics.   

18. There are many agencies involved, both private and public, but the efforts of three 

groups are prominent in advancing the importance of EO data for official statistics: 

  (a) Committee on Earth Observation Satellites (CEOS) - Established in 1984, 

this group encourages international collaboration on space-borne EO missions for the benefit 

of society.  Its membership is comprised of more than 30 of the world’s space agencies which 

together operate more than 100 space missions. CEOS has recognized the fundamental role 

EO has to play in monitoring SDGs, and has agreed to coordinate CEOS agencies providing 

satellite data for the 2030 Agenda for Sustainable Development (CEOS, 2018a). 

  (b) Group on Earth Observations (GEO) - Established in 2005, the Group is a 

network of public and private interests advocating to make EO data more broadly available 

as a public good (GEO, 2018).  This group is also positioning its involvement in the area of 

SDGs (EO4SDG, 2018). 

  (c) UN Committee of Experts on Global Geospatial Information Management 

(UN-GGIM) - Established in 2011, the Committee sets the directions for the production and 

use of geospatial information within national and global policy frameworks, and for building 

and strengthening geospatial information capacity of nations, especially of developing 

countries. This organization also has an SDG sub-committee (UN-GGIM, 2018).  Under the 

auspices of this organization, Mexico, Canada, and other countries have explained the 

importance of aligning the functions of official statistics with the geo-spatial and EO 

expertise found in national mapping agencies, and very recently, Statistics Canada and 

Natural Resources Canada put in place a Memorandum of Understanding to make such 

collaboration explicit (Rancourt and Shukle, 2017).  

19. Other relevant initiatives include the creation of a UN System Network on Geospatial 

Information, bringing together over 20 UN agencies with an interest in geospatial and earth 

observation data, as well as the World Geospatial Industry Council, which brings together 

leading companies involved in geospatial information management1. 

20. The Committee for the Coordination of Statistical Activities, which brings together 

the heads of statistics of 45 international organisations, is planning to conduct a stocktaking 

exercise on the use of geospatial information by its members during 2019. This exercise will 

identify in each application area (e.g. sampling design and area frames; land cover/land use 

mapping; validation of survey data; disaggregation of national data; data dissemination) the 

reference data sets and tools being used, how data are being disseminated, and experiences 

in capacity building activities and in building partnerships  

21. In addition to the above, three significant documents have been produced in recent 

years that are germane to the current review and are summarized below.  Collectively, they 

provide an overview of the recent state of the art in EO and suggest some promising emerging 

directions for its use by NSOs. 

  

  1 https://wgicouncil.org  

https://wgicouncil.org/
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 A. Handbook on earth observation for official statistics 

22. This handbook was produced by members of the United Nations Task Team on 

Satellite Imagery and Geospatial Data and was released in December 2017 (United Nations, 

2017).  Its purpose is to guide NSOs which have limited experience in producing official 

statistics from EO data.  There are sections on:  EO sources, methodologies, pilot projects, 

case studies, and a framework for assessing the benefit of EO data implementation in a 

statistical production process.  

23. One key message for NSOs is that the utility of EO data use in a statistical production 

process should be assessed on a case-by-case basis.  A second is that EO data have been 

identified as an essential data source for NSOs to measure, monitor, and report on SDGs for 

the 2030 Agenda for Sustainable Development. 

 1. Case studies of Earth observation in official statistics 

• In Australia, the Department of Science, Information Technology and Innovation 

(DSITI) has utilized time-series Landsat imagery to classify Crop and Non-Crop areas 

using predictive classification algorithms trained on field-based and image-interpreted 

training data. An expanded mapping approach has shown good results in mapping 

broad crop types (Pringle et al. 2018) 

• Some non-NSOs produce official statistics from EO data and have production 

processes similar to GSBPM. Examples highlighted include: United States 

Department of Agriculture and their monthly World Agricultural Supply and Demand 

Estimates (WASDE) report, European Commission and the Monitoring Agricultural 

Resources (MARS) bulletin, and others. 

 2. Key messages  

• NSOs are encouraged to engage with the EO expert community such as international 

organizations, national space/science/mapping agencies, academia and private sector 

to build their capacity to produce official statistics from EO 

• EO data have the potential to meet many key objectives of statistical agencies such as 

timelier outputs; reduction of survey frequency, costs, increased spatial resolution, 

etc. 

• Issue – EO data processing requires specialist knowledge. NSOs lack expertise in 

processing and applying such data as input to official statistics. 

 B. Earth observation in support of Sustainable Development Goals 

24. This report was produced by the Committee on Earth Observation Satellites (CEOS) 

and was released in early 2018 (CEOS, 2018b). Its purpose is to inform all sectors of society 

how geospatial information, EO data and other data sources can contribute to the 2030 

Agenda for Sustainable Development.  The report explains the role of EO in support of the 

SDGs, provides examples to demonstrate some of the possibilities, and then focuses on 

specific SDGs where EO data are central to quality reporting. 

25. The global indicator framework developed for the Agenda 2030 contains 17 SDGs, 

with 169 Targets and 232 Indicators. EO data has been identified as an essential data source 

for around 40 of the targets and 30 of the indicators (some indicators are used to measure 

several targets).  

 1. Examples of Earth observation in official statistics 

26. Earth observation data has been an important source of information for the System of 

Environmental-Economic Accounting (SEEA) Central Framework and SEEA Experimental 

Ecosystem Accounting (SEEA EEA).  EO derived environmental information is combined 

with economic statistics to report on the contributions of the ecosystems and the impacts of 

economic activities on the ecosystems, and to SDG indicators such as land degradation, 
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freshwater ecosystems, and land use.  The report highlights approaches used in Australia, 

Brazil, Mexico and Nepal.  

27. Two interesting extensions of these ideas are noted.  Statistics Netherlands derived an 

evapotranspiration (AET) map from EO data. The measurement of AET is important for the 

measurement of water-related SDG indicators.  Second, Mexico’s National Institute of 

Statistics and Geography (INEGI) produced a Collaborative Site for Disaster Response to be 

used by several government agencies. The platform uses data from satellite optical and radar 

sensors, drones, and private providers to produce disaster-related data in emergency response. 

 2. Research to expand use of Earth observation in the GSBPM 

28. The document provides an extensive overview of the public and private sector 

organizations involved in developing, producing, or using EO data, and on their perspectives 

on its application to SDGs.  The review includes a summary of efforts to develop EO 

methodologies, technical assistance, collection and dissemination of data, and engagement 

activities to promoting the use of EO within the official statistics community. 

 3. Key messages  

• The report asserts that NSO success in reporting on progress of the SDGs will require 

national statistical systems to be modernized by supplementing traditional statistical 

methods and data sources with new sources of data, including geospatial information 

and EO, as well as advanced data processing and big data analytical techniques  

• Of 30 indicators where EO data has a role to play, only 12 have established 

methodologies and regular data production by countries, suggesting that there is still 

significant unrealized potential for EO data to contribute to the global SDG indicator 

framework 

• Some NSOs may have more difficulty with the institutional and technical challenges 

related to using EO data for the SDG reporting.  Effective partnerships between the 

major actors in this space will be an important enabler in these cases. 

 C. Handbook on remote sensing for agricultural statistics 

29. This handbook was produced in 2017 by a group of senior international experts in the 

field of remote sensing (GSARS, 2017). Its purpose is to provide guidelines on how to assess 

the utility of remote sensing for agricultural statistics, and how EO can be integrated into 

GSBPM. 

30. As a general statement, the domain of agricultural statistics has seen the greatest 

application of EO technology in collection and analysis as part of official statistics.  The 

report addresses EO for the production of agricultural statistics in areas such as land cover, 

field-level annual crop mapping, crop area estimation, Early Warning Systems, crop yield 

forecasting, and list and area frame design.  Other chapters discuss technical aspects related 

to data sources, software / hardware, and organizational capacity, and assessment of the 

business case of EO solutions. 

 1. Examples of Earth observation in agricultural statistics 

• The Global Food Security - Support Analysis Data Project (GFSAD30), led by USGS, 

uses multi-sensor EO data and other sources to produce consistent and unbiased 

estimates of global agricultural cropland products  

• The ESA Sentinel-2 for Agriculture Project is an open-source system to process 

Sentinel-2 and Landsat-8 imagery that delivers multiple products generated frequently 

during the growing season for agricultural monitoring and statistics purposes, and has 

been successfully demonstrated at national scale for selected countries and other test 

sites around the world 
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• India uses space, agro-meteorology and land-based observations (FASAL) to forecast 

crop production for 11 major crop types at a district, state and national-level  

• The Chinese CropWatch monitoring system uses EO and ground-based indicators 

such as pest, disease and agroclimatic conditions to monitor global production.  Crop 

condition bulletins are produced quarterly, for regions, countries and sub-nationally 

• The FAO Global Forest Resources Assessment (FRA) provides an estimate of forest 

change at five to ten year intervals based on sampled areas and using moderate-

resolution imagery. Monitoring forest cover and deforestation is important for 

reporting on SDG indicators. 

 2. Issues / opportunities  

• The cost-effectiveness of EO for agricultural statistics has been improved with the 

decrease in data costs, increasing quality of imagery, and open-source GIS and remote 

sensing software, as well as access to remote cloud processing tools such as Google 

Earth Engine 

• EO technology, though a viable approach in most areas, still faces some constraints 

in areas with small field sizes, persistent cloud cover, mixed and intercropping 

practices 

• Opportunity – A recent trend is to move large data storage and processing to cloud 

solutions. This approach may provide some advantages to setting up, maintaining, and 

investing in in-house storage and computing.  However, cloud-computing might raise 

other issues related to licensing and intellectual property rights. 

 V. Overview of recent activities in selected countries / agencies 

31. This chapter provides an overview of the work of selected countries in the statistical 

area under review.  It is assumed that readers have a general familiarity of the goals and 

internal workings of NSOs, particularly within the context of the Generic Statistical Business 

Process Model (GSPBM), and that this serves as the context for the review of how such 

organizations assess the value and exploitation of EO data.  Each section is structured to 

make a distinction between statistical programs currently using EO inputs, as opposed to 

research initiatives that seek to further expand uses. 

 A. Eurostat 

 1. Input to officially published statistics 

32. The use of satellite and earth observation data has not yet found its way into the major 

statistical programs of Eurostat, as the mandate of this multilateral agency is to aggregate 

national statistics to harmonised European products. So far, the national statistics compiled 

into EU official statistics come from traditional data sources such as censuses, surveys or 

administrative data. EO data at this point only play a marginal role in the production of 

official EU wide statistics. 

33. One notable exception to the above is that Eurostat conducts the Land Use and Land 

Cover Survey (LUCAS) every three years.  EO input is essential to that process.  LUCAS 

ortho-imagery and satellite imagery are used for preparing the sample, supporting surveyors 

in the field work, and for checking the quality of the information collected for individual 

sample points.  

 2. Research and development 

34. As part of a wider research agenda on the use of big data for statistics, Eurostat is 

investigating some areas of sensor data which are at least similar and complementary with 

the use of satellite data: 
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 A. Use of Automatic Identification Systems (AIS) 

35. In the marine sector, AIS is used to ensure that ships at sea can be identified and 

monitored during their passage, primarily for reasons of safety and traffic control.   Eurostat 

is experimenting with the use of this technology as an input to transport statistics.  Several 

EU member states have conducted similar projects for their national statistical systems. 

 B. Sustainable Development Goals 

36. For the set of SDG indicators that Eurostat has specifically designed for the EU, 

Eurostat, together with other EU services, is investigating the use of Copernicus and other 

satellite mission information, mainly for the collection of statistics on land degradation (soil-

sealing and land take).  High resolution mapping is used indirectly to calculate urban 

indicators such as access to green areas in cities. This is a promising approach to produce the 

related SDG indicator on access to open space. 

 C. Agriculture / Aquaculture 

37. Other areas of the European Commission are heavy users of EO data as a supporting 

source for statistics on crop yield, monitoring fishing boats/quota, or the planning of 

aquaculture installations.  Several European NSOs have started exploring EO data for 

agriculture statistics, supported with grants issued by Eurostat. 

 D. Greenhouses / Solar panels  

38. Eurostat also supports financially research activities in NSOs, e.g. in the Netherlands 

to detect sealed areas or solar panels.  

 B. Mexico (INEGI) 

 1. Input to officially published statistics 

39. At a general level, INEGI has produced maps of Mexico for several decades; initially 

in paper format (1970s, 1980s), and now in the form of themed geospatial datasets.  In 

previous years, aerial photographs were used as a primary input to map production, but use 

of satellite data in particular has become the primary input.   

40. The current process of extracting information from satellite imagery is operator-

assisted and labour intensive.  This includes: inspection, analysis, feature extraction (as in 

identifying roads, rivers or water bodies) and interpretation (which involves deeper 

knowledge, i.e. the relationship among climate, geology, soil and vegetation and the 

ecological processes involved). 

  Challenges and opportunities 

41. Two drawbacks of the current methodology and infrastructure are: (1) at times 

insufficient resolution of satellite imagery for specified functions, and (2) the labour and time 

required to extract information from the data and integrate with the geographic register, or 

products.  As the demand for more frequent and detailed map products increases, issues such 

as data storage, life-cycle management, and processing large and varied volumes of satellite 

images will have to be addressed.   

 2. Research and development 

42. INEGI is investing significant effort on research and development activities related to 

EO and satellite data in an effort to reduce the barriers to use, and to better exploit the types 

of data that can be collected in this way: 

 A. Big data & machine learning as an enabler of EO use 

43. Big data and the latest machine learning techniques may help to overcome processing 

and time-intensive processes by learning how to properly train the software with the guidance 
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of human experts.  The expert will create training databases for the algorithm and will use 

the same technique to measure the quality of the results.   

 B. Agricultural statistics 

44. Satellite images ease field work carried out in censuses and surveys related to 

agriculture. Each surveyor has a mobile device containing satellite images and vector layers 

that cover their work area; they then use such information to obtain feedback regarding the 

current limits of the land. The feedback updates the data utilized in later versions of these 

censuses and surveys. Additionally, the images act as support for orientation while working 

at the field to agriculture and other sectors of INEGI. 

45. Research has been done for identifying the coverage of specific crops in satellite 

images. Results of these practices are: (i) the construction of a field verified database, (ii) its 

application for classifying larger areas, and (iii) work began on the development of an area 

sampling frame for agricultural statistics based on satellite images and field data collected 

from all croplands in 2016. 

 C. Geospatial Data Cube of Mexico (information management) 

46. INEGI is working jointly with Geoscience Australia in the capacity building for 

implementing the Mexican Geospatial Data Cube; the cube will feature a nationwide database 

for archive and recent satellite images, along with the tool for its digital analysis. This 

database will achieve standard management regardless the source sensor. 

47. The development of a more coherent approach to data management of the truly 

enormous storage requirements of such imagery may propel the processes involved in 

exploiting EO data.  If the data can be managed and accessed more efficiently, they will more 

likely find use in updating information products, monitoring changes, and generating useful 

information for surveys and censuses. 

48. This exciting Geospatial Data Cube research will help to develop: 

• Capacities in: (i) remote sensing, (ii) data science, (iii) process engineering, and (iv) 

software architecture 

• Infrastructure featuring: (i) efficient access to satellite images, (ii) broadband to 

collect large and frequent data, and (iii) big data technology to store and to process 

satellite information. 

 C. Statistics Canada 

49. Statistics Canada does not conduct the collection, pre-processing, and processing of 

EO data.  Rather, the agency makes use of data that is already prepared, generally by a federal 

partner such as Agriculture and Agri-Food Canada or Natural Resources Canada.  The 

growing importance of EO data to Statistics Canada has been recently strengthened in the 

form of a Memorandum of Understanding supporting explicit bi-lateral initiatives with 

Natural Resources Canada (Rancourt and Shukle, 2017). Statistics Canada’s main activities 

in this area as follows: 

 1. Input to officially published statistics 

 A. Crop Condition Assessment Program2  

50. The main output of this long-running program is an interactive web-mapping 

application that depicts current and historical crop and pasture conditions across Canada.  The 

application is mainly used by Government for policy purposes, by the grain marketing 

industry, researchers, and the farming industry. 

  

2 Statistics Canada, 2018, Crop Condition Assessment Program, 

http://www35.statcan.gc.ca/CCAP/en/index 

http://www35.statcan.gc.ca/CCAP/en/index
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 B. Crop Yield Forecasting3  

51. This program uses a methodology for producing crop yields without contacting farm 

operators.  A modelling program based on multivariate regressions uses NDVI from Earth 

Observation data (AVHRR 1 km), agri-climatic indicators derived from weather station data, 

and historical results from traditional surveys.  These results were first published in 2015, 

with the traditional survey being replaced in 2016. The method can be reproduced in other 

locations if the input data exist, providing an opportunity to reduce response burden, survey 

costs and publication delays.  The accuracy of the modelling approach is comparable to the 

traditional survey. 

 C. Environmental Accounts 

52. Satellite earth observation (SEO) and SEO-derived products have been used by the 

Environment Accounts and Statistics Program (EASP) for at least the last 25 years to produce 

estimates of land cover.4 In the last few years, new SEO-derived products from federal 

departments and others have become available, and these products have been used to generate 

official statistics for land and ecosystem accounts,5 freshwater ecosystem accounts,6  and 

forest statistics.7   SEO is particularly well suited to assist in the production of some 

environmental accounts and statistics as it allows for spatial delineation of different land 

covers, which is necessary to produce land and ecosystem accounts. 

 2. Research and development 

53. Within the context of a rapidly changing data environment in this field, Statistics 

Canada is pursuing the following research directions: 

 A. Crop area estimation 

54. With a view to developing a method to produce crop area estimates to feed to the 

agriculture survey program.  If successful, it will help further reduce response burden for 

farm operators.  This approach uses annual land cover and crop classification from medium- 

resolution Earth observation data (Landsat and Sentinel), in conjunction with provincial crop 

insurance data to train the classification and validate/adjust area estimates. 

 B. Greenhouse area estimation 

55. This research is developing a method to detect and estimate greenhouse areas using 

EO and other non-spatial data.  It will help reduce response burden for farm operators.  This 

research could benefit others for the detection of other types of features from satellite 

imagery. 

 C. Satellite data for mapping built-up area  

56. This activity will determine if EO data can provide improved delineation of the land 

use reference layer used for ecosystem accounting. Main aspects include use of different SEO 

and socio-economic data, development of predictive models, and testing whether extent and 

intensification of built-up area can adequately detected. 

  

3 Statistics Canada, 2017, Model-based Principal Field Crop Estimates, 

http://www23.statcan.gc.ca/imdb/p2SV.pl?Function=getSurvey&SDDS=5225 
4 Statistics Canada, 2000, Human Activity and the Environment 2000, Cat. No. 11-509-XPE, map 3.2, 

Land Cover 1992  
5 Statistics Canada, 2016, “The changing landscape of Canadian metropolitan areas,” Human Activity and 

the Environment, Cat. No. 16-201-X, https://www150.statcan.gc.ca/n1/pub/16-201-x/2016000/section_3-

eng.htm  
6 Statistics Canada, 2017, “Freshwater in Canada,” Human Activity and the Environment, Cat. No. 16-

201-X, https://www150.statcan.gc.ca/n1/pub/16-201-x/2017000/sec-3-eng.htm 
7 Statistics Canada, 2018, “Forests in Canada,” Human Activity and the Environment, Cat. No. 16-201-X, 

https://www150.statcan.gc.ca/n1/pub/16-201-x/2018001/list_m-c-eng.htm 

http://www23.statcan.gc.ca/imdb/p2SV.pl?Function=getSurvey&SDDS=5225
https://www150.statcan.gc.ca/n1/pub/16-201-x/2016000/section_3-eng.htm
https://www150.statcan.gc.ca/n1/pub/16-201-x/2016000/section_3-eng.htm
https://www150.statcan.gc.ca/n1/pub/16-201-x/2017000/sec-3-eng.htm
https://www150.statcan.gc.ca/n1/pub/16-201-x/2018001/list_m-c-eng.htm
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 D. Wetland detection 

57. This activity will determine if EO data can provide improved delineation of wetlands 

as input to environmental accounts, and assessment of short cycle climate change / water 

stress.  Use in revision of flood-plain and risk identification is another application. 

 E. Construction starts/completions 

58. Objective is to explore if satellite data can be used to cover the start of construction 

for all building types across Canada on a monthly basis for high-growth areas.  If successful, 

the modelled data on capital investment would feed several programs on the economic 

statistics area and would help improve coverage of the non-residential sector.    

 D. Austria 

 1. Input to officially published statistics 

59. The use of satellite and earth observation data has not yet found its way into standard 

techniques for existing official statistics, as Statistics Austria currently benefits from access 

to high quality administrative data sources of all sorts.  Any EO data the agency does use is 

not explicitly managed as part of a systematic input to the geospatial data framework.  

60. However, some external products created from satellite and earth observation data are 

being used for some specific tasks.  Examples include dissemination products such as the 

delineation of settlement areas and localities (GSBPM 5.1 – Integrate data; GSBPM 7.2 – 

Produce dissemination products).  

61. In the area of agricultural statistics, the Farm Structure Survey (FSS) is currently 

fortunate enough to rely on very detailed administrative data sources stemming from the 

subsidy system. The areas are available as digitally collected plots, as farmers have to exactly 

demarcate their crops on a digital farm map.  Crop estimates are based on the labour-intensive 

and voluntary help of harvest consultants estimating the crop yield. 

 2. Research and development 

62. Despite the above for existing statistical programs, significant research effort is under 

way on how to use satellite and earth observation data in an expanding range of statistical 

programs: 

 A. Using airborne laser data (ALS) to improve the building register 

63. Airborne laser scanning data is available as open data and is being used to test the 

completeness and accuracy of building coordinates, and the buildings’ characteristics “built-

up area” and “building height” in the buildings and dwellings register.  The aim is to improve 

the quality of these characteristics directly in the buildings and dwellings register. One 

obvious difficulty is the differing definitions of buildings. From ALS data the outer building 

envelope of all building-like objects can be discovered, also marking e.g. camping cars as 

small buildings. Another weakness relates to multi-unit structures such as row houses or 

blocks of buildings from the ALS data. (GSBPM 3.5 – Test production system) 

 B. Satellite data as input to valuation of real property 

64. Most of the information for the value is taken directly from the sale contract (address, 

price, size in m2 of building and of property, etc.). This is enriched by further information on 

the building taken from the buildings and dwellings register, the average land price on 

municipality level as well as average income information and demographic variables of the 

50 closest neighbours. Features detectable from satellite and earth observation data could 

provide additional information for the estimation of a real estate value. Examples include: 

building types, property sizes of nearby estates, existence of green areas in the neighbourhood 

and possibly solar panels on buildings in the neighbourhood. So the information needed could 

help to decide which are poor/run down areas or rich areas. (GSBPM 2.3 – Design collection; 

GSBPM 3.2 – Build or enhance process components). 
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 C. Machine learning using EO as input 

65. An EU-funded project is currently running at Statistics Austria trying to combine 

various data sources including satellite and earth observation data to improve the spatial 

resolution poverty indicators and machine learning algorithms.  The idea is to present poverty 

indicators such as the poverty risk in small scale areas. The use of satellite data is being 

evaluated and could provide further interesting inputs. (GSBPM 2.3 – Design collection; 

GSBPM 3.2 – Build or enhance process components) 

 3. Summary 

66. The use of satellite and earth observation data is growing in importance as support 

information for some statistical program areas.  The most useful application of satellite and 

earth observation data for agricultural statistics would be to achieve better and automatic 

estimates for the crop yield being fully aware of the complexity and need for a high degree 

of specialisation. (GSBPM 4.3 – Run collection).  The most obvious field of application 

would be to achieve a methodology to classify and record land cover and land use and to 

monitor its change. (GSBPM 3.2 – Build or enhance process components).   

67. Challenges remain on how to deal with differing spatial resolutions and time stamps 

as an input to integration activities.  To discover and make out the shape and size of a 

building, the spatial resolution of satellite data has to be finer, and therefore, Statistics Austria 

is experimenting with image data and in situ data from aerial surveys, which has a finer 

resolution. 

 VI. Impact of crises on the statistical area  

68. A detailed treatment of this subject is outside the scope of the review team’s work.  It 

would require more in-depth study to realistically describe how financial or political crises 

might affect the stability of the international public / private infrastructure supporting the 

constellation of satellites, sensors, computing environment, and finally the agencies and staff 

that access, interpret, and apply EO data as input to official statistics programs.   

69. It can be readily surmised from the above, however, that there is a complex interplay 

of actors, funding bodies and political contexts supporting the EO infrastructure.  Within such 

a context, it is difficult to say how a particular crisis may exert an impact, except perhaps to 

say that onset, triggers, and effects would be complex; perhaps rolling-out over a period of 

months or a few years rather than as a short-cycle. 

70. If there are significant concerns about the stability of the international EO 

infrastructure, then it is suggested that a study be commissioned specifically on this point, 

and that the research team includes representation of financial and managerial experts in this 

area.  

 VII. Main findings, emerging issues and new opportunities for 
National Statistical Offices 

71. This chapter consolidates the “bottom line” findings, issues and opportunities 

identified above to set the current state of practice in EO use in NSOs in clear terms.  These 

points then serve as a framework for further discussion by the NSO community on whether 

and how to advance the use of EO as input to official statistics. 

 A. Current uses of Earth observation by National Statistical Offices 

72. The review revealed significant activity in: 

• Agricultural statistics programs such as crop type, area, condition and forecasting 

• Environmental accounts modules related to stock of land by class, forest, water, land-

use change 
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• Nascent programs around sustainable development indicators such as land-use, 

climate change, water stress, water quality 

• A key point made by the EO community is that the technology lends itself well to 

several areas of macro-level statistics related to sustainable development indicators.  

Several examples are given, particularly by CEOS (2018).  

 B. National Statistical Offices-Earth observation research 

73. The review indicates that research is proceeding in a few key areas: 

• Exciting work by Australia and Mexico on Geospatial Data Cubes is important to 

watch, because it is attempting to break new ground on two fronts:  a) how to process 

vast amounts of EO data to bring new value, and b) to create a business case that will 

reduce costs for the storage and use of EO data.  Further cost reductions, particularly 

via a shared infrastructure, may help to expand the number of uses of such data 

• Austria and Canada’s work on EO data as input to real-estate property valuation, and 

in updating of the building register are of interest in order to determine if a compelling 

business case can be made in these areas relative to current approaches (survey or 

administrative datasets).  Austria’s research in the use of airborne LIDAR data is a 

novel approach in applying surgical precision of accurate sensors at close range, for 

specific areas of concern, in the update of statistical registers.  The results of this 

research will be eagerly anticipated 

• Several member countries and some international organizations are involved in 

refining EO methods for use in the area of SDG reporting, which appears to be the 

domain of most significant potential for NSOs and international organizations.  EO 

data plays to its strength in this context - which is to be able to gather macro-level data 

for large areas irrespective of ground-based infrastructure, settlement, or population.    

 C. Issues and their implications  

74. NSOs enter EO waters at their own risk!  Issues include:  

  (a)  NSOs lack expertise 

  NSOs do not necessarily have the knowledge to readily process, interpret signal, and 

then integrate EO data into existing programs because this science uses concepts, software, 

and techniques that are quite different from those needed in survey statistics or even for the 

usual type of administrative data input.  Options are to develop such expertise, or to purchase 

services.  These are significant choices, with impact on budget, recruitment / development of 

new skillsets, etc.  

  (b)   EO data are voluminous 

  Most NSOs are not experienced with the truly massive volumes of data produced by 

EO sensors.  The IT infrastructure required to house and process such data need to be well-

understood in advance.  This reality is one of the compelling reasons to considering a 

centralized infrastructure serving multiple clients, such as is done by national governments, 

and most private imagery firms selling data. 

  (c) EO data alone cannot produce the statistics 

  NSO program managers run the risk of assuming too much from EO-related 

transformation projects.  EO data require a lot of processing and calibration against other 

datasets to produce statistics on a given theme.  Frequently, they are combined with other 

available data-sets, at least initially.  This often comes as a surprise to programme managers 

who must justify larger budgets on what they thought would be an efficiency.  Projects to 

transform statistical production should always proceed with comprehensive study of 

requirements at the NSO level followed by a review of a few different potential solutions, of 

which EO is one. 
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  (d)   Institutional Commitment to EO Integration 

  Like most true infrastructure, modernizing business processes to incorporate EO 

requires time, budget, and conviction that it will result in a net improvement.  Thorough 

review, excellent planning, and shrewd implementation will help to ensure success for well-

defined applications.  

 D. Opportunities in Earth observation data  

75. If approached shrewdly, there are opportunities in EO data: 

 1. Earth observation strength is macro-level reporting 

76. The reason EO has grown substantially over the decades is because it is extremely 

useful for monitoring macro-level phenomena such as environmental change, agriculture, 

forestry, geology, etc.  Google Earth has brought EO data into the lives of average citizens 

across the globe.  Within NSOs, its use for environmental accounting, agriculture, forestry, 

land-use, etc. has been proven.  Emphasis in these programs should shift to reducing costs 

through collaboration and refinement of approaches.  As this progresses, it is likely that 

further improvements in spatio-temporal resolution will continue (e.g. greenhouses / solar 

panel detection), providing new opportunities for enriching these program areas. 

 2.  Sustainable Development Goals reporting is a good application of Earth observation 

technology 

77. The macro-level approach to EO collection and reporting lends itself well to SDG 

reporting at the national, and international levels, and this appears to be the domain of most 

significant potential for NSOs and international organizations.  It has been reported that of 

the 30 SDG indicators where EO data has a role to play, only 12 have established 

methodologies and regular data production by countries.  This suggests that there is still 

significant unrealized potential for EO data to contribute to the global SDG indicator 

framework.  A key opportunity then relates to NSO collaboration on the development of 

standard approaches to collecting and reporting EO-derived data supporting SDG reporting 

objectives.  Coalescing around SDGs as a conceptual framework will result in more rapid 

advancement in releasing internationally consistent data as input to discussions on this front.  

 3. National Statistical Offices should collaborate on a generalized approach to Earth 

observation-data use 

78. Owing to its cost and the number of satellites and sensors in orbit, the variety of EO 

data available is not infinite.  In order to meet program needs (on SDGs for example) faster 

and at less cost, NSOs should explicitly collaborate to develop more standard approaches in 

how such data should be processed, interpreted, and then integrated.  Once the “recipe” is 

reasonably stable, it can be replicated across NSOs.  This approach will effectively address 

the barriers to entry of cost and skillset and provide EO data producers with a more diversified 

(stable) funding pool, giving them more room to invest in improvements. 

 4. National Statistical Offices should consider the feasibility of a consolidated approach 

to Earth Observation data processing  

79. Should it be agreed that meeting the SDG national - international reporting goals is a 

useful context in which NSOs can collaborate on its use, then a natural extension is to 

explicitly collaborate with national / international EO organizations to agree on the type of 

inputs needed, and how they should be processed.  This discussion would allow NSOs to 

speak as a single voice to EO data/service providers such that any data produced could be 

applied in the same way.  The advantage is consistency of inputs of this type to official 

statistics.  Once the production process is stabilized, further rounds of research can be 

scheduled to determine if substantial improvements can be made. 
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80. As the state of practice for SDGs matures, the development of a common Analysis 

Ready Dataset (ARD) of EO data, where time series EO data is corrected to bottom of 

atmosphere reflectance and is in cartographic geometry and stored in a database, would allow 

for NSOs to work from a common dataset.  The growing data asset would serve as the 

physical manifestation of the results of the collaboration.  Priority topics could be researched, 

with findings implemented across countries, to help avoid duplication of effort. 

 VIII. Conclusions and recommendations 

81. The use of EO data by NSOs for producing official statistics has a long history and 

has reached early maturity in many countries in the areas of agricultural statistics and 

environmental accounting.  On the research front, emphasis is being given to matters of data 

storage, access, and value-added processing (Australia, Mexico), further extensions in 

agriculture (Canada), and on potential for maintenance of building registers - the built 

environment (Austria, Canada).     

82. At the current time, the international NSO community advances its practice largely by 

agency-specific interests and capacity, with results being reported in various fora, but not 

necessarily to the NSO community.  In parallel, there are several international organizations 

whose primary focus is EO production, processing, and application, but NSOs are not linked 

very directly to these communities at the present time.  There should be more collaboration 

in this space such as is occurring in Australia, Mexico, and being re-energized in Canada.         

83. The in-depth review makes clear that there are many significant issues and 

implications of trying to better exploit EO inputs.  Most importantly, the infrastructure 

needed to fully support data processing, interpretation and analysis is significant.  This comes 

with implications for budget, as well as new skillsets required to sustain such a capacity.  

Second, careful analysis of business requirements and possible solutions should be evaluated, 

as EO data cannot fill all data needs.  

84. Despite the sober cautions about EO use, there are real opportunities for the NSO 

community, most notably in the area of national - international SDG reporting, where EO 

plays to its strengths in providing a fairly consistent framework for collecting and reporting 

on regional-level phenomena, and over time.  In terms of official statistics, EO data have 

proven themselves in areas of agricultural statistics and for environmental accounting.  Both 

of these areas serve as the foundation upon which several SDG indicators are derived, so 

these programs may require only minor tuning to meet the needs of SDG reporting.   

85. However, there are several areas of SDG indicators for which EO-based solutions are 

promising, but not yet developed.  There is clear opportunity here for NSO to bring their 

skills in data integration to extend the accuracy and value of these data.  Doing so will provide 

a more powerful understanding of the social, economic and environment changes occurring 

in society at regional, continental, and global scales.   

86. To the extent that the international NSO community is being asked to play a role in 

SDG reporting in the future, and indeed to bring its expertise to the identification of the most 

meaningful indicators on which to report, and the methods required to report on them, the 

authors of the in-depth review paper identify the following recommendations for discussion: 

 A. NSOs should use SDG reporting as a context for our priority EO-based 

research 

87. International attention around SDGs is galvanizing into action.  NSOs have an 

important contribution to make by providing consistent, clear and actionable information as 

input to decision-making in this area, and EO technology will play an important role in some 

of the important SDG indicators.  NSOs should use the SDG framework to focus research on 

which indicators can most profitably make use of EO inputs.  These decisions can then focus 

our collective efforts in research, and eventually implementation of successful approaches 

within NSO program operations.  
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 B. NSOs should collaborate on a generalized approach to EO-data use 

88. Following the identification of specific SDG indicators for which EO-inputs are likely 

to be an important component, the NSO community should consider ways in which to 

explicitly collaborate on the development of the processes that can leverage EO infrastructure 

within the Generalized Statistical Business Process Model (GSBPM).  The results of the 

collaboration can be reported and if accepted, be implemented across all agencies.  Such an 

approach will help to ensure steady advance in capacity, in priority areas for reporting, and 

to yield consistent results where it is applied.  This would increase momentum of a truly 

international community of practice in the subject-matter of EO for NSOs. 

 C. NSOs should collaborate with EO organizations to consolidate input 

requirements  

89. Once NSOs have centred on how best to apply EO data to measure priority SDG 

indicators, further advances could be achieved by collaborating with EO national / 

international organizations to specify the raw sensor data processing, quality control, storage, 

and access requirements serving as input.  This will advance the potential of having 

“Analysis-Ready” inputs to each agency’s statistical programs.  Developments in this 

direction would go a long way to bringing EO-inputs to a level that is more comparable to 

many of the other inputs used currently by NSOs and would further strengthen the culture of 

international collaboration. 

90. In support of this recommendation, the efforts of Australia and Mexico to gain a deep 

understanding of the type of next generation storage and manipulation environments that can 

exploit even more information from EO data are encouraged, and the international 

community should view such work not just as a technical exercise, but also for clues about 

the kind of organization required to maintain such an infrastructure for the benefit of NSO 

clients regionally, or even globally, in the coming years. 

91. A practical first step could be to convene a “sprint” session with a small group of 

experts from interested countries and international organisations, to formulate the 

requirements of the official statistics community regarding satellite and earth observation 

data.   

 IX. Discussion and decision by the Conference of European 
Statisticians Bureau 

92. The CES Bureau discussed the in-depth review on the use of satellite imagery and 

earth observation technology in official statistics, based on a paper by Canada and Mexico 

and comments by UNECE. The Bureau raised the following issues: 

(a) The paper gives a very good summary of the use of satellite imagery and earth 

observation technology in official statistics, and the related challenges; 

(b) Satellite and earth observation data are becoming essential sources for official 

statistics. For example, SDGs provide a driver for increased use of these data; 

(c) Satellite and earth observation data are increasingly being made available for 

free and in open format but they require new skills to process effectively. This will require 

capacity development and new partnerships with data providers. “Analysis ready” datasets 

reduce the need for processing but are often expensive and should be well documented with 

proper user guidance.  

(d) A cost-benefit analysis of the use of satellite and earth observation data would 

be useful. 

(e) The official statistical community needs to reflect more on its requirements for 

satellite and earth observation data. This could start from identifying what questions could 

be answered using these data, and what key statistical products could be prepared. These can 

be different in countries with different level of development. Looking at what data are 
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available on the market and what applications are needed would be also useful. A “sprint” 

session could be organised to clarify these requirements. 

(f) More work on developing common standards between the statistical and 

geospatial communities is needed. 

(g) Machine learning and artificial intelligence techniques can help to make sense 

of large amounts of data but these are new for many statistical organisations and require new 

skills. 

(h) International cooperation would be useful to contact big geospatial tools 

providers as a community to get discounts or special types of licences. 

(i) Various groups are working on related topics and a summary of all activities 

would be useful. The Coordinating Committee of Statistical Activities (CCSA) is conducting 

a stock taking exercise of the reference data sets and tools used by international organizations. 

UNSD is creating a UN system network on geospatial information. The private sector is very 

active and has formed a world council of corporations on geo-spatial information. 

(j) It will be useful to systematically document and share case studies of national 

practices in using satellite and earth observation data (for example, from the recent Helsinki 

Conference). 

(k) This in-depth review could be discussed more in detail at the next CES plenary 

session.  

  Conclusion 

93. The in-depth review paper will be updated to reflect the Bureau’s discussion, 

including information on the international groups and activities mentioned above. It will be 

submitted to the CES plenary session in June 2019. 

94. The secretariat will hold a sprint session with a small group of experts from interested 

countries and international organisations in early 2019 to formulate the requirements of the 

official statistics community regarding satellite and earth observation data. Following the 

sprint and the discussion at the CES plenary session, the secretariat and authors of the in-

depth review paper will present a proposal for follow-up activities to the Bureau in October 

2019. 
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