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Abstract1 

Over the past decade, an increasing number of satellite images and other Earth Observation 

(EO) data have become available to a wide range of final users, including economists and other social 

scientists, boosting the amount of information they can obtain to study, analyze and manage 

different research topics in their fields. In turn, economists are promoting advancement in the 

quantification of the benefits related to the increasing use of EO services and applications by 

governments, firms and citizens. Drawing from recent literature, and our own research, we explore, 

on one side, how social scientists, and particularly economists, can significantly benefit from EO 

data, and conversely, how socio-economic impact studies of EO can take advantage from a specific 

set of economic methods. This paper suggests that cross-fertilization and interplay between 

economics, social sciences and remote sensing science is needed to advance understanding of our 

societies and to more rigorously evaluate the socio-economic impact of EO services and 

applications. The paper suggests possible new research avenues. 
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1. Introduction 

There is increasingly widespread awareness of the importance of space technologies and how 

vast can be their impact on our contemporary lifestyles, daily habits, socio-economic activities and 

well-being. Among different domains of the space sector, Earth Observation (EO) consists in the 

collection of a wide variety of chemical, biological and physical information about our planet, via 

remote sensing technologies (GEO, 2020). During the last few years, this space sector has rapidly 

grown (PwC, 2019) and become a highly strategic tool which enables a wide array of data, services 

and applications for governments, firms, scientists and citizens, with a rising impact on our societies 

(Tassa, 2019; European Commission, 2016).  

While the United States, Russia, and the European Union are at the forefront of this sector, EO 

data are gaining growing importance worldwide in several fields (Kansakar and Hossain, 2016). 

Indeed, they provide crucial support in the analysis and management of several important aspects 

concerning our societies, such as scarcity of food, water, climate change, human health, disasters, 

habitat endangerment and safety of citizens (Kansakar and Hossain, 2016). Hence, they play an 

increasing role in building societies that are capable of addressing critical challenges for the benefit 

of future generations (European Council, 2020; European Commission, 2016).  

Social sciences, in a broad sense, try to explain how society works, including, for instance, what 

drives economic growth, employment and what makes people happy (Riecken, 1969). Social 

sciences, at large, include several disciplines such as anthropology, economics, political science, 

sociology, social psychology, among others. In this paper, we focus exclusively on socio-economic 

issues, mainly studied by economists; yet, there is a tradition of studies in economic sociology, 

economic history and other fields that also contributes to the understanding of such issues. Thus, 

we shall use the words economics and economists at the broader meaning of respectively economic 

studies and social scientists focusing on economic issues.  

In this vein, this paper aims at exploring the mutual relations between EO, economics and other 

social sciences in two directions: firstly, how economists can take advantage of EO data; secondly, 

how economists may contribute to the study of the socio-economic impact of EO data.  

We make two claims: firstly we claim that from one side, EO is becoming increasingly important 

in the study of different socio-economic issues and is contributing to a growing scientific literature 

which takes advantage of newly available data. We also suggest that there is unexploited potential, 



4 
 

and we point to the possible further impact of EO data on socio-economic studies. From the other 

side, we claim that economists, and mainly applied welfare economists2, may increasingly 

contribute to strengthening methodologies for the quantification of socio-economic benefits 

deriving from the exploitation of EO data with an impact into the real life.  

Our findings on the first issue draw from a scientometric analysis and systematic review of the 

literature and the identification of five main areas where EO data availability is positively 

contributing to empirical socio-economic studies. However, we also critically discuss the fact that 

the impact of EO data on such studies may still be mostly unexpressed, and we discuss possible 

improvements to facilitate the use of such data. 

On the second issue, based on selected examples of the literature on the socio-economic 

impact of EO data, and our own research, we identify some helpful economic methods, and we 

critically discuss them. We suggest that there is much room for improvement in this area of studies, 

as certain empirical methods available to economists, such as econometric methods based on quasi-

experimental settings, social cost-benefit analysis techniques, and other quantitative approaches 

did not find yet frequent applications in the estimation of the socio-economic benefits of EO data. 

Again our findings point to the need for cross-fertilization between remote sensing science and 

applied economics, particularly applied welfare economics.  

This paper is structured as follows: Section 2 provides an overview of the use of EO data in the 

field of economics and related social sciences, i.e. how data is currently supporting the study of 

different socio-economic phenomena and possible future extensions. Section 3 provides an 

overview of economic methods that have been deployed to estimate the socio-economic benefits 

of EO data and discusses the unexploited potential arising from more extensive use of new 

quantitative methods. Finally, section 4 concludes the paper pointing to the need for dialogue and 

collaboration between remote sensing scientists and economists and sets a future research agenda. 

 

 

                                                             
2 Welfare economics is a branch of economics that studies how the allocation of resources and goods affects social 
welfare. It seeks to evaluate costs and benefits of changes to the economy and drive public policy toward to achieve 
beneficial socio-economic outcomes for the society 
https://www.investopedia.com/terms/w/welfare_economics.asp#:~:text=Welfare%20economics%20is%20the%20stu
dy,of%20people%20in%20the%20economy. 

https://www.investopedia.com/terms/w/welfare_economics.asp#:%7E:text=Welfare%20economics%20is%20the%20study,of%20people%20in%20the%20economy.
https://www.investopedia.com/terms/w/welfare_economics.asp#:%7E:text=Welfare%20economics%20is%20the%20study,of%20people%20in%20the%20economy.
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2. The contribution of EO data to the study of socio-economic issues  

In this section, we explore different ways in which EO data can contribute to support research 

in the field of social sciences with a particular focus on socio-economic subjects.  

By doing a simple search on Scopus, which is the largest database of peer-reviewed literature, 

including scientific journals, books and conference proceedings,3 we have identified 6,012 peer-

reviewed publications during the period 1998-2018, related to Earth Observation and belonging to 

the category of ‘social sciences’, as for the classification of the database4. More specifically, we 

searched for publications containing the combination of words “satellite remote sensing” into the 

title, or keywords or abstract5. These knowledge outputs represent less than 10% of the total 

scientific publications related to EO, which are still much more prevalent in other fields such as 

material sciences, earth science, engineering and so on. However, the number has been rapidly 

increasing during the last years, as figure 1 shows. For instance, the amount of publications in 2018 

is seven times higher than twenty years before. Most of these publications come from China (16%), 

followed by India (11%), United States (11%), Germany (6%), Italy (4%), Japan (4%), and several 

other European and non-European countries. 22% of these publications are funded by the National 

Natural Science Foundation of China, 6% by the National Aeronautics and Space Administration 

(NASA), 4% by the National Science Foundation, 3% by the National Basic Research Program of 

China, 2% by the European Space Agency (ESA) and 1% by the European Commission. 51% of such 

publications are journal articles, 44% conference papers while the remaining percentage includes, 

books, book chapters, reviews, editorials and so on. While being classified as documents in ‘social 

sciences’, 19% of these publications also belong to the category of ‘computer science’, ‘earth and 

planetary science’ (14%), ‘environmental science’ (9%), ‘agricultural and biological sciences’ (3%) 

and ‘engineering’ (3%) while the remaining is fragmented across several other fields of studies. Only 

120 documents, during the whole period, have been published within the category ‘economics, 

econometrics and finance’ as defined by Scopus. However, again, this sub-branch of literature in 

social sciences has been rapidly growing over the last years where the number of publications in 

2018 is more than six times higher than the initial period (figure 2). 81% of publications in economics 

                                                             
3 https://www.scopus.com/home.uri.  
4 We have performed a manual check by titles for about 15% of these publications to see these were properly 
categorized. 
5 We find 1,800 documents if we compute a research on Scopus by using the combination of words “earth observation”, 
9,586 if we use “satellite data”, 4,448 if we use “satellite imagery”. The increasing trend of publications during the period 
and related statistics are consistent to all queries. Date of the query: January 2021. 

https://www.scopus.com/home.uri
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are journal articles and among the top 10 most popular journals of publications we find ‘Space 

policy’, the ‘Journal of cultural heritage’, ‘Environment Development And Sustainability’, ‘Resources 

Conservation and Recycling’, ‘Ecological economics’, ‘Marine policy’, Forest Policy and Economics, 

‘Journal Of Environmental Economics And Management’, ‘World Development’6. We have also 

spotted other papers in top journals, such as ‘The Journal of Economic Perspectives’ edited by the 

American Economic Association and the ‘Quarterly Journal Of Economics’ which is a ‘blue ribbon’ 

journal in the field, edited at the Harvard Department of Economics7.  

To better understand why economists and other social scientists are increasingly interested in 

EO data, we have selected some topics in the academic literature that provide several examples 

where satellite are boosting the amount of information social scientists can obtain to study different 

socio-economic phenomena (Donaldson and Storeygard, 2016) (Table 1). By providing high spatial 

resolution images on the Earth, with wide frequency and geographical coverage, EO gives the 

possibility to build new useful datasets at a lower marginal cost compared to terrestrial surveys. 

Hence EO data can be used by social scientists to answer numerous research questions requiring a 

geographical setting. We can classify these topics into five main research strands. 

 

<INSERT FIGURE 1 & 2> 

 

Night lights as an indicator of economic growth 

First of all, the increasing availability of EO data is particularly useful in the study of developing 

economies (but also in some developed countries at subnational levels), where usually the lack of 

ground-based data limits the possibility to study economic growth adequately. Traditionally 

economists rely on data obtained by extensive surveys of firms and households. The process is 

usually rather labour-intensive, as each statistical unit needs to be contacted by an officer and asked 

questions about output, prices, stocks at the firm level or on consumption and income at the 

household level. While these surveys can be currently based on online systems (in the past they 

                                                             
6 Please note that not all documents included in these journals, altought all related to economic subjects, necessarily 
relate to the contribution of EO data to socio-economic issues. 
7 We spotted these journals by using the Scopus query “satellite data”. With this query we run a risk to include 
documents related to other types of satellite data beside EO (e.g. navigation). However, by performing a manual 
check, we noticed that many documents are related to EO and are not included in our main query “satellite remote 
sensing”. 
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were mostly based on surface mail or in-person interviews), the coverage of internet is uneven, 

particularly in less developed economies. Even surveys by telephone may be difficult in some rural 

areas. This creates two problems: considerable costs of data collection and heterogeneity of 

coverage, hence issues of reliability. The problem is not entirely solved by such proxies as the data 

on the consumption of electricity for the same reasons (in developing countries, millions of people 

are not connected to the networks or illegally connected).   

In this respect, Henderson et al. (2012) have demonstrated that satellite night lights data are a useful 

proxy for Gross Domestic Product (GDP) growth at temporal and geographic scales for which 

traditional data are of poor quality or simply unavailable. Whatever the kind of access to the 

electricity network by a household or a small business in the black economy it has been observed 

that night lights are statistically correlated with electricity consumption, which in turn is a well-

known proxy for overall standard of living. Moreover, the change over time of night lights is a proxy 

of economic growth. 

In this vein, Lee (2018) uses data on night lights to investigate how regional inequality in terms of 

the spatial distribution of economic activities evolves when a country like North Korea, for which 

official statistics are almost not existent, become isolated due to sanctions decided by the 

international community. Storeygard (2016) studies whether Sub-Saharan cities, which are better 

connected to the main port of their country, grow faster than cities with poorer road connections 

when the oil price rises. As data on income in the region are poorly available the author uses 

information on satellite night lights over a period of 30 years as a proxy of GDP growth and find that 

an oil price increase of the magnitude experienced between 2002 and 2008 induces the income of 

cities near the main port to increase by 7% of GDP relative to otherwise identical cities 500 

kilometres farther away. Clark et al. (2017) also use satellite night lights as an independent 

benchmark for comparing various Chinese economic indicators, showing that the rate of Chinese 

growth is higher than what is reported in the official statistics. 

The spatial dimension of economic growth is, traditionally, of major interest for economists and 

demographers, because it is well known that growth reshuffles the urban-rural patterns, and major 

migrations may only add to this interest. Hence, it should be explored in future if there other types 

of EO data beyond night lights that can be exploited to study economic development through their 

correlations with GDP broken down at appropriate geographical units. 

Housing and built environment  
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Secondly, satellite data are also handy to construct new detailed datasets on specific items that 

are not available from official statistics nor other sources, such as detailed indicators of housing 

quantity, quality or built-up land cover (Vogel et al., 2018). Again, traditionally, statistics in this area 

needed long, costly, and cumbersome procedures, such as census officers asking questions to 

households and firms every ten years, or visually inspecting dwellings, a tradition that goes back 

over more than twenty centuries (Alterman, 1969), particularly in ancient Egypt and in the Roman 

Republic. 

The collection of these data is not easier in contemporary economies because of the large 

number of slums and other shantytowns after the disruption of traditional villages in developing 

countries, but also because of the fast change of the built environment in developed economies. 

Moreover, the type of housing and built environment is correlated to a number of socio-economic 

dimensions. 

In this respect, social scientists are increasingly supported by experts of remote sensing and 

machine learning. For example, Marx et al. (2019), by combining a resolution of 0.5 meters satellite 

images of the Kibera slum in Nairobi between 2009 and 2012 and data collected from a big survey 

with dwellers, show how ethnic patronage affects both the determination of rental rates and 

housing quality. The authors find that slum residents pay lower rents and live in higher quality 

dwellings (measured through the luminosity reflected by corrugated iron roofs) when they have the 

same ethnicity as the locality chief, showing that ethnic patronage has both distributional effects 

and consequences on welfare in the residential market of the slum. Vogel et al. (2018) employ 

satellite data to analyze local economies by defining urban markets with built-up land cover 

classified from daytime satellite imagery in India. By constructing this innovative dataset with an 

artificial intelligence algorithm, the authors can capture more markets, more urban population and 

more variation in the spatial distribution of economic activity compared to night-time light intensity. 

 

Satellite data as indicators of environmental policy effectiveness 

Thirdly, satellite data are also beneficial as a benchmark when available official statistics are 

not credible or disguised, for example, due to political reasons. For instance, Chen et al. (2013) 
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compare aerosol optical depth data from MODIS8 with the air pollution index of Beijing, which is not 

always considered reliable as based on official statistics. They show that air quality effectively 

improved during the preparation of the Olympic games due to the government commitment in 

taking measures such as traffic controls and introduction of emission standards, among others, for 

a total cost of USD 10 billion. Just one year after the end of the Olympics, however, such effect 

weakened by 60%. These results suggested that actual environmental improvement depends on the 

sustained political motivation behind the interventions. Burgess et al. (2012) cannot rely on official 

statistics to study deforestation in Indonesia. Hence, by combining MODIS data on deforestation 

with Geographic Information System (GIS) data on administrative districts over the period 2001-

2008 they find that, as national logging rules are enforced at the local level, potentially corrupt local 

bureaucrats and politicians respond to incentives of deforestation consistently with their rent 

maximization. Jayachandran (2009), by combining daily satellite measures of airborne smoke and 

dust with info from the 2000 census on "missing children", estimates the impact of air pollution due 

to illegal forest fires in Indonesia on infant and fetal mortality. The author finds that the spread of 

pollution of a big illegal fire in 1997 caused 16,400 infant and fetal deaths with a striking difference 

in the mortality rates between richer and poorer places. Additionally, a recent study conducted by 

the OECD estimates that a 1μg/m3 increase in PM2.5 concentration causes a 0.8% reduction in real 

GDP that same year in Europe, due to reductions in output per worker caused by absenteeism at 

work or reduced labour productivity. (OECD, 2019) 

Given the paramount importance of environmental policies by governments, and the lack of 

good data on their actual implementation and success (usually relying on scattered and uneven 

ground sampling), it seems that EO data may be very helpful to environmental economists to ensure 

credibility of their analyses. 

 

Economic data comparability at fine-grain geographical level 

Fourthly, satellite data are also helpful to perform geographical comparisons among statistics 

that otherwise would not be comparable. For example Costinot et al. (2016) attempt to quantify the 

consequences of climate change on agricultural productivity in three different scenario, by using a 

                                                             
8 MODIS (or Moderate Resolution Imaging Spectroradiometer) is a key instrument aboard the NASA Terra and 
Aqua  satellites (https://modis.gsfc.nasa.gov/about/) 

http://terra.nasa.gov/
http://aqua.nasa.gov/
https://modis.gsfc.nasa.gov/about/


10 
 

rich dataset (FAO and GAEZ9) which contain data on soil, topography climatic condition to predict 

the yield, crop by crop, for each of 1.7 million fields covering the surface of the Earth. They find that 

in the best scenario, climate change amounts to a 0.26% decrease in world GDP with a 

heterogeneous effect across countries.  

In a political economy perspective (the branch of economics interested in the interplay 

between economic performance and politics) Hodler and Raschky (2014) look at regional 

favouritism using a panel of 38,427 subnational regions from 126 countries with observations from 

1992 to 2009. By combining satellite data on the intensity of night lights from NOAA with resources 

cited in the codebook of the Archigos database and various Internet sites, the authors mapped 1990-

2010 political leaders' birthplaces and found that subnational regions have more intense night-time 

light when being the birth region of the current political leader. They also show that regional 

favouritism is most prevalent in countries with weak political institutions and poorly educated 

citizens.  

More recently, the importance of earth observation data has also been highlighted to understand 

changes caused by the COVID-19 pandemic. One study has focused on the effect of the pandemic 

on global issues such as energy consumption, emissions, climate change, poverty, globalization and 

biodiversity (Diffenbaugh et al. 2020). The authors believe that while short-term impacts derive 

from the reduced human activity, longer-terms impacts are likely to result from indirect effects of 

the economic recession on global poverty, green investment and human behaviour. (Diffenbaugh 

et al., 2020). 

 

EO data in econometric models as exogeneous variables 

Lastly, another way in which satellite data are increasingly used in social sciences is when geography, 

weather, or other aspects of the Earth are used as a source of exogenous variation for estimating 

the impact of various 'treatments'. (Kudamatsu, 2018). For example, Saiz (2010) uses satellite-data 

on the use of land provided by the United States Geographic Service (USGS) to show how geography 

determines housing supply. He constructs a measure of exogenously undevelopable land in cities 

due to geographical constraints by calculating the area lost to internal water bodies and wetlands 

and land which exhibits slopes above 15%. He finds that residential development is constrained by 

                                                             
9 Global Agro-Ecological Zones dataset based on GIS/Satellite- solutions 
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the presence of sloped terrain and that land constrained area show inelasticity in housing prices and 

are more highly regulated. Flückiger et al. (2015) show that negative economic shocks in the 

fisheries sector are associated with an increase in maritime piracy. They use the variation in the 

phytoplankton abundance for 109 countries measured by satellite data in the period 2004-2009, as 

a source of such shocks to avoid endogeneity problems between piracy and fish catches. They find 

that phytoplankton abundance is positively related to fish catches but negatively associated with 

the incidence of piracy. Lower abundance of phytoplankton deteriorates economic opportunities in 

the fishery sector increasing the relative attractiveness of engaging in piracy activity. 

<INSERT TABLE 1> 

 

 

The above-mentioned examples suggest that there is a huge potential for the use EO data in 

the context of socio-economic research. Economists are increasingly interested in testing their 

hypotheses and models with rigorous econometric methods that require large and frequent 

microdata, possibly available in such a way that statistical variation over space and time can be fully 

exploited for the estimation of regression coefficients10.  

This potential is, however, not yet fully exploited. Beyond the long-lasting discussion within the 

space community on the users' uptake initiative (see for example European Commission, 2016b), 

there are some additional issues that are specific to social sciences. These are possibly arising by the 

fact that the dialogue between economists and scientists in remote sensing and related disciplines 

has been so far rather limited. A first constraint relates to the format of the data. Even when satellite 

data (not often) are available freely and openly, they are usually in formats not readily usable by 

economists11. To give an example, when data are available in a common shapefile format they need 

to be converted by a geographic information system (GIS) software which groups observations in 

the unit of analysis considered (e.g. countries, regions, provinces). However, this skill is not common 

among social scientists, for example, it is not typically part of a post-graduate curriculum in applied 

economics. Hence economists must often ask support to GIS experts. Clearly, the availability, in the 

                                                             
10 Regression coefficients are estimates, based on the available sample of data,  of the unknown population 
parameters and describe the relationship between dependent and independent variables. 
11 For data formats see for instance https://earthdata.nasa.gov/esdis/eso/standards-and-references#data-formats for 
NASA and http://earth.esa.int/SAFE/ for ESA. Some data providers make available tools that support the exploitation 
of the data (see for example 
https://earth.esa.int/eogateway/search?skipDetection=true&text=&category=Tools%20and%20toolboxes) although 
these are rarely known by economists and other social scientists. 

https://statisticsbyjim.com/glossary/regression-analysis/
https://statisticsbyjim.com/glossary/estimator/
https://statisticsbyjim.com/glossary/population/
https://statisticsbyjim.com/glossary/parameter/
https://earthdata.nasa.gov/esdis/eso/standards-and-references#data-formats
http://earth.esa.int/SAFE/
https://earth.esa.int/eogateway/search?skipDetection=true&text=&category=Tools%20and%20toolboxes
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first place, of data already in a format ready-to-use for socio-economic studies would boost their 

use12. This would require that remote sensing experts consult economists and other social scientists 

at an early stage of the design of EO user-systems, so that users can, at the same time, download 

the data and the software needed to process them in a way that is meaningful for economics 

analysis. One may look elsewhere to see how this can be done, for example, online genomics data 

are provided to biologists by the European Bioinformatics Institute (EMBL-EBI) along with relatively 

simple software and online tutorials13 . Currently, EMBL data is in the range of 3 million unique IP 

access per month, and around 30 million requests to the website per day (EMBL-EBI, 2019). This 

dissemination achievement would not have been possible without investment in software, online 

tutorials, and a close dialogue with the scientific community of users, beyond computation biology. 

Second, satellite data often display spatial dependence which consists in correlation among 

nearby units. It is commonly observed that data collected for points in the geographical space are 

not independent, meaning that observations from one location tend to exhibit values similar to 

those from nearby locations, as in the case of night lights. This problem typically arises when dealing 

with any geographical data but become particularly severe when higher data resolution is 

considered (Griffith and Chun, 2016). Consequently, when EO data are used as an independent 

variable of the econometric analysis, the estimation of regression coefficients is potentially biased. 

Spatial econometrics is a technique designed to incorporate dependence among observations 

(regions, cities or points in space) that are in close geographical proximity. Hence the ability to deal 

with spatial econometric analysis is a technical skill needed to estimate relationship among variables 

in a correct way in a geographic setting (LeSage and Pace, 2010; Donaldson and Storeygard, 2016). 

This is something economists are more frequently accustomed to consider in econometric analysis, 

but it would be an advantage if the design of EO systems would consider the implications of spatial 

correlation for the provision of data at the proper level of aggregation. An example is a software 

giving the possibility to easily increase or decrease the level of data aggregation according to social 

                                                             
12 Economists usually deal with cross-sectional data (they observe many subjects i.e individuals or firms or countries at 
the one point of time); time series  (they observe a single subject i.e a country over a period of time); panel data (they 
observe several subjects over a period of time). For example, to easily perform econometric analysis with EO data on 
night lights, economists would ideally need a spreadsheet or CVS panel data format file where each row represents an 
administrative geographical unit (e.g. region A, region B , region C) in a certain year and each column disclose the related 
night light intensity value for that region in that particular year; or in the case of EO data on cultivated crops they would 
require an a spreadsheet or CVS format file where each row represents a geographical area (e.g. squared meter field A, 
squared meter field B) and each column disclose the squared meter amount of crop A, crop B etc.). 
13 https://www.ebi.ac.uk 
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scientists’ specific needs, particularly when they need to set the analysis in the form of panel data ( 

observations repeated over time in a matrix form). 

Additionally, possible measurement errors deriving from the application of algorithms in 

remote sensing science can also affect the interpretation of socio-economic phenomena by social 

scientists leading to misleading conclusions (Donaldson and Storeygard, 2016). For example, Kimani 

et al. (2017) study the performance of seven satellite products to collect rainfall data in West Africa. 

Accurate rainfall observations are crucial to support better agricultural and water management 

decision-making, particularly in less developed economies. The authors show that satellite 

observations lead to systematic overestimation of rainfall in mountainous areas and 

underestimation when elevation is <2500 and need to be combined with wind direction and 

elevation data. However, most economists are unaware of the delicate treatment of the original 

satellite data that is needed before these are disseminated, and again, this issue calls for some form 

of interdisciplinary dialogue.  

 

3. The contribution of economics to the estimation of the socio-economic benefits of EO data 

In the previous section, we have provided some examples on how EO data can contribute to 

advancing research in economics and related social science fields and producing new knowledge 

‘per se’. Here, in turn, we discuss how economists can contribute to empirically estimating the socio-

economic benefits deriving from services and applications based on EO data. Here we focus 

exclusively on the last segment of the EO value chain. The so-called downstream sector broadly 

includes all the products and services which can exist only thanks to the availability of EO data and 

concerns the conversion of data into value-added applications, products and services which are 

ultimately used by final users for different purposes (OECD, 2016; European Commission, 2017). 

Hence, we do not consider here the benefits for firms which are able to extrapolate the information 

from EO data (intermediate users), rather we focus exclusively on the benefits for final users of EO 

applications.  

We provide selected examples of socio-economic benefits related to the last generation of satellites 

designed, built and managed by government-sponsored space agencies, such as the European Space 

Agency (ESA) and the National Aeronautics and Space Administration (NASA) where public 

investments and related policies in EO space programmes rely on the prediction and estimation of 

current and future benefits in the long term (Tassa, 2019).   
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In the last 20 years, various methodologies have been applied to evaluate the socio-economic 

benefits derived from the use of EO data (PWC, 2016; WMO, 2015; Hof et al. 2012), drawing on 

varying techniques, including applied welfare economics, gross revenue estimates, value-added 

analysis, and general equilibrium modelling (Smart et al. 2018). Each of this method has advantages 

and disadvantages (Hof et al. 2012; Smart et al. 2018). Here we review some of the most popular 

approaches, and we provide a critical discussion of pros and cons of each of them from the 

perspective of applied welfare economics, pointing to possible further contributions and 

development of the current evaluation methods  

 

The Value of Information  

The Value of Information (VOI) approach consists in quantifying the welfare change between a 

state in which a certain action is taken, based on currently available information, and a different 

state in which the same action is taken using improved information (Macauley, 2006; Gallo et al. 

2018).  

Most commonly, studies on VOI of Earth Observation refer, among others, to the value of 

weather information on issues such as agricultural productivity and natural resource management 

(Macauley, 2006). However, exploitation of EO data is increasingly contributing to generating 

knowledge in several other fields which can be concretely used by a broader range of final users 

(e.g. governments, firms and citizens) to make decisions or inform policies about different issues. 

Understanding the value of such information is extremely important to justify investment in EO 

infrastructure and related applications (Smart et al. 2018). For example, a report by NASA (2013) 

evaluated the benefits of the Volcanic Ash Advisory Center's use of AURA data looking at flight 

cancellations and revenue losses due to Eyjafjallajökull Vulcan eruption in 2010. The analysis based 

on VOI found that, during this event, the use of NASA satellite data reduced the probability of an 

aircraft experiencing a volcanic ash incident by approximately 12%, saving USD 25–72 million in 

avoided revenue losses due to unnecessary delays and avoided aircraft damage costs. If the data 

had been used from the beginning of the incident, an estimated additional USD 132 million in losses 

and costs might have been avoided.  
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Bernknopf et al. (2018) supported by VALUABLES14 estimated the value of information deriving 

from the Gravity Recovery and Climate Experiment (GRACE) satellite mission for drought 

monitoring. Even though quantification of the actual VOI was not possible because of the 

unavailability of county-level data to estimate the effects of drought assistance on local agricultural 

outcomes, the authors show how using satellite data may have changed county eligibility for 

drought assistance. 

The VOI approach gathers a very diverse set of methodologies and it is often combined with Cost-

benefit and Cost-effectiveness Analysis. For example, another report of VALUABLES uses this 

approach to show that exploiting the information provided by LANDSAT satellite is the most cost-

effective way to manage and mitigate threats caused by wildfires. EO data allows saving USD 35 

million in five years compared to the information provided by aerial inspection (Bernknopf et al.; 

2019). However, this study demonstrates the cost savings of satellite imagines, without quantifying 

the potential benefits of improved information in increasing the protection of natural and anthropic 

resources. Indeed EO-derived information is valuable when it informs decisions and actions; hence 

it is strictly linked to its use (Macauley, 2006; Craglia and Pogorzelska, 2020). 

Other interesting case studies on VoI are reported in Kruse et al. (2018). VOI methods are 

instrumental to the estimation of the socio-economic benefits of EO as they allow transforming the 

usage of EO information into an economic value. However, one of the main drawbacks of this 

approach is that, in some cases, it is based on the estimation of the Willingness to Pay based on 

stated preferences, which relies on surveys of individuals and private/public institutions to estimate 

the maximum amount they would be willing to pay for the information; hence it is based on 

subjective opinions linked to socio-economic and cultural conditions. This is why a crucial point 

consists of carefully designing the contingent valuation experiment. Besides the challenge of 

interviewing a representative sample of the reference population, another important issue is getting 

people to tell the truth. The hypothetical bias is the difference between monetary values people say 

they would be willing to pay in a hypothetical scenario with what an individual might actually pay in 

the real setting (Florio and Giffoni, 2020). Policy consequentiality techniques are strictly connected 

to the truth-telling issue and commonly used for improving the realism of the survey by conveying 

to respondents the idea that their choice will actually impact the decision to invest in EO (Florio and 

                                                             
14 A collaboration between Resource for the Future (RFF) and NASA to measure how satellite information can benefit 
people and environment 
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Giffoni, 2020). Hence ex-ante hypothetical bias and ex-post mitigation measures are essential to 

estimate the WTP in a more robust way (Arrow et al., 1993; Johnston et al. 2017). 

 

The value chain approach 

The value chain approach consists in tracing the impact (usually on added value or income) of 

the use of the EO applications through subsequent steps within the EO value chain, from first-tier 

direct users to other indirect users (e.g. citizens groups which can indirectly benefit from EO 

applications) to the whole society at large. At each step of the value chain, the benefits are assessed, 

summed up and the value calculated. This methodology has become popular for the calculation of 

the benefits of Copernicus, where interesting cases of analysis are provided by the European 

Association of Remote Sensing Companies (EARSC). For example, in Belgium, a group of potato 

farmers have started using an application based on EO data to get information on their fields for 

better management practices (Sawyer et al., 2019). This information can help to improve yields by 

up to 20% and the overall quality of potatoes, hence increasing revenues and income for the farmers 

and the whole potato industry value chain (agronomists, consultants, processors, distributors, 

supermarkets etc.) up to the final consumers. Overall benefits along the value chain are estimated 

around €1m to €2m without considering a range of not quantified benefits such as environmental 

gains (Sawyer et al., 2019).  

In road infrastructure and management, a new mapping service, showing ground motion based 

on EO, is supporting public administration in Norway. EARSC estimates an economic benefit of 

between €3.8m and €8.7m per year mainly deriving from saving costs in construction, management 

of the road infrastructure (Sawyer et al. 2020). Benefits again are summed up along the value chain 

from the Norwegian Public Road Administration, to the road constructors up to the road users, 

citizens and society. 

Sawyer et al. (2015) also estimated the economic value generated by the use of satellite 

imagery in supporting navigation in the Baltic Sea. Satellite imageries replace helicopters in helping 

icebreakers finding the best routes through the ice. These benefits are estimated between EUR 24 

million and EUR 116 million per year and include reduced fuel costs of icebreakers, helicopters and 

ships, reduced operational costs of ships due to arrival delays and savings from reducing collision 

(insurance and damage). Other benefits arise within port infrastructures (which can operate more 
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efficiently), factories, and citizens that can be sure supermarkets are properly stocked (Sawyer et al. 

2015 and Aschbacher, 2017).  

While this approach is very informative, final figures should be interpreted with some caution. 

First of all, in the language of applied welfare economics, the analysis should always consider the 

incremental net benefit, rather than the gross benefit. Let us consider, for example, the study by 

Sawyer et al. 2016. Sawyer et al. (2016) examined the impact of satellite imagery on forest 

management in Sweden. This case study shows how satellites have contributed to the decrease in 

illegal cutting and lack of immediate re-planting and pre-commercial thinning. The cost of collecting 

such imageries was EUR 64,000 against a benefit of EUR 16.1 and 21.6 million per annum. Benefits 

derived from a decreased cost of physical inspections and using aircraft among others (the 

counterfactual), plus the long-term value increase as a result of higher timber production and 

enhanced quality. Other non-economic benefits include the creation of an archive of images, 

improved inter-agency cooperation and wildlife protection. 

In this example the economic benefit possibly arises in two ways: either because satellite data 

make less costly the detection of fraud, normalized with some parameters, such as the forest area 

(this would be a cost-effectiveness indicator); or because compliance increases due the higher 

probability that the infringement is detected and fines apply: In this case, the economic benefit is 

the long term monetary value of forest preservation. However, in both cases, these gross benefits 

should be compared with the alternative techniques available for inspection, such as ground 

observation or use of helicopters or aeroplanes as in Sawyer et al. (2016). Drones are also, in some 

case, an alternative option to be considered. 

Thus the whole value chain method should be robust in terms of a careful analysis of the 

counterfactuals (“What if”), which are more and more difficult to be empirically estimated in 

economic terms the more downstream the chain effect is expected. This happens because causation 

becomes more fuzzy, an well-known issue in applied welfare economics (see below). 

Moreover, the value chain approach crucially relies on values which, in simple terms, are 

quantity (output or consumption) times prices (of goods or services). Economists know very well 

that in distorted markets, because of monopolies, duties, externalities, asymmetric information 

prices are poor indicators of marginal social values. These distortions are often considerable in 

sectors such as agricultural, environment or health, among others. Thus critical scrutiny is needed 

of the actual meaning of the ‘value’ in the value chain method practical applications, because when 
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prices are distorted the social value may differ from the market value, with the latter may be above 

or below the former, according to the specific market considered.   

 

Cost-benefit analysis  

Among quantitative methods, Social Cost-Benefit Analysis (CBA) is one of the most helpful 

microeconomic tools for the evaluation of economic advantages or disadvantages of an investment 

decision from the point of view of the EO final users and the society at large. It consists of evaluating 

the social costs and benefits of this decision in ‘money terms’ to assess the welfare change 

attributable to it (European Commission, 2014). In CBA time series of benefits and costs are 

discounted to bring the value flows back to a common date. All discounted costs and benefits are 

then summed up to calculate the net present value of the social benefits allowing comparability and 

ranking for competing alternatives of collecting the information. In this evaluation, welfare 

economists can offer significant support to the space community, for example significantly adapting 

lessons learned from other subjects (Pezzey and Tonan, 2017; Anand and Sen, 2000; Stern, 2007; 

Florio 2019).  

The CBA technique has been used to estimate the expected benefits of entire EO programmes 

such as GMES/Copernicus and weather forecast satellites (Booz & Co, 2011; Borzacchiello and 

Craglia, 2011; Lafaye, 2017; Eumetsat, 2014) less often for single applications and services based on 

EO data (Almirall et al., 2008; Halsing et al. 2004). An example of CBA for specific EO service is 

provided by USGS on the National Map, a service that offers complete, user-friendly and accessible 

data to decrease the cost or improve the outcome of spatial-data applications. The National Map 

was found to bring a net present value of 2.05 billion USD allowing to recover the costs of the initial 

investments in 14 years. (Halsing et al., 2004).  

In CBA, as in other rigorous impact assessment, the decision to invest in EO services and 

applications must always be based on the incremental approach which compares the net benefits 

of a scenario “with EO data” with a counterfactual scenario “without EO data”. A looser version of 

economic analysis is cost-effectiveness analysis, where costs but not benefits are given a monetary 

value. In this vein, Dawes et al. (2013) carry out a case study in the United States, illustrating the 

benefits of EO data in monitoring air quality. In monetary terms, their analysis shows that satellites 

could provide, in short-time and for free, PM2.5 information to 82% of the 18.1 million people 

https://link.springer.com/chapter/10.1007/978-981-32-9915-3_19#CR62
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currently living in non-monitored areas of Georgia, Colorado and Missouri. In contrast, the purchase, 

installation, and operation of ground infrastructures would have cost USD 25.9 million and covered 

only 44% of those unmonitored people in 5 years15. 

CBA, differently from VOI and from the value chain approach, also introduces significant value 

corrections which consist in evaluating cash flows at their shadow prices. Shadow prices capture the 

social opportunity costs of goods and services as market prices are often distorted, as mentioned 

above, due to inefficiencies (e.g., a situation of monopoly, subsidies, etc.) and are ultimately 

estimated using different methods, including their marginal cost or Willingness to Pay. (European 

Commission, 2014). The analysis also includes the monetary value of positive and negative 

externalities and non-market effects derived from the use of EO applications such as reduced 

pollution, reduced travel time or traffic accidents among others (European Commission, 2014). This 

quantification is not very common within the space sector, where such effects are often discussed 

in qualitative terms. For instance, getting information on issues such as air quality and other 

atmospheric conditions at a lower marginal cost has benefits in terms of lives saved which in cost-

benefit analysis can be quantified in terms of quality-adjusted life-years – QALY -16 and the value of 

the statistical life –VSL-17 (Florio, 2014), reduced health expenses and higher economic returns.  

CBA is a rigorous method for estimating the net benefits of a service and application based on 

EO data. We are inclined to suggest more widespread use of this approach in the impact analysis of 

EO data, but with some caution. End-users often use EO data in combination with other sources; 

hence it is occasionally difficult to determine the paternity of EO data benefits (quantification 

dilemma) (PwC, 2016). Another limitation to its application may derive from the difficulty in 

capturing the benefits along the value chain (from direct to indirect users). Additionally, the 

quantification of social benefits into monetary terms is often based on the Willingness to Pay which, 

as previously explained, requires due caution as stated preferences methods that are the most 

common way to estimate the WTP needs careful experimental design.  

Treatment econometric methods.  

                                                             
15 A wide range of nonmonetary values and benefits also emerged from a set of interviews with different stakeholders 
including better support to public health programmes or more effective health alerts. 
16 This is a unit of measurement for valuing health outcomes. It is designed to capture in one single measure an 
individual's gain in utility from improvement in both quality of life and length of life. 

https://www.sciencedirect.com/topics/medicine-and-dentistry/quality-adjusted-life-year   
17 This is the marginal rate of substitution between income (or wealth) and mortality risk 
https://strata.org/pdf/2017/vsl-full-report.pdf 

https://www.sciencedirect.com/topics/medicine-and-dentistry/quality-adjusted-life-year
https://strata.org/pdf/2017/vsl-full-report.pdf
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Treatment econometrics focuses on how to causally interpret the effect of some intervention (or 

treatment) on an outcome. This set of methods have been increasingly used in economics to 

evaluate public policies, for instance, programs to fight poverty, environmental and health policies, 

such as the exposure to pollution and so on (Duflo et al., 2007).  

Treatments econometric could be, in principle, used to estimate the impact of EO services and 

applications on an outcome variable of interest. One possible way to carry out the analysis would 

be the comparison of a treatment group, which has access to the EO service, with a control group, 

which does not have access to the service. While to the best of our knowledge, there are yet no 

examples of such applications, EO data are already increasingly used to support the evaluation of 

different policies, hence it would just be a matter of a further step for the space sector to take 

advantage of frontier methods of empirical analysis. For example, Jayachandran et al. (2016) 

evaluate a Payments for Ecosystem Services (PES) program in western Uganda that offers cash 

payments to forest-owners if they conserve their forest. They measure the causal impacts of PES 

through a randomized controlled trial. They find that deforestation, measured with satellite data 

declined in treatment villages compared to control villages during the study period. 

Another way is looking at the trend over time for a particular outcome based on the collection of 

historical data from periods prior to the use of EO application compared to the previous after the 

use of the application. A tentative of a similar approach has been undertaken by researchers from 

NASA (2013) who tried to investigate how a prototype of Malaria Early Warning System (MEWS), 

based on satellite weather forecasting, could help to assess the higher risk of malaria outbreaks and 

target interventions of prevention in Botswana. By using EO data, they tried to understand how this 

early warning system could have impacted the malaria rates over time (pre and post MEWS). 

However, results were weak due to the short period of analysis, and too many confounding factors 

the analysts were not able to account for. Chang (2020) investigated the impact of COVID-19 on air 

pollution in two cities of Taiwan, which were not subject to economic or mobility restrictions. Using 

a difference-in-differences approach and satellite data on air quality and transportation, they 

estimate that pollution increased relative to 2017-2019 due to a shift in preferences for mode of 

transport away from public transportation and towards personal automobiles. Miller (2018) used 

state-, year-, and month-level fixed effects, among other control variables, to show that areas with 

weather warning systems in the United States have fewer fatalities and injuries from tornadoes and 

hurricanes than would have occurred without the weather warning system 
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While this set of methods is becoming increasingly popular among economists ( as also highlighted 

by the 2019 Nobel prize in economics to Ester Duflo, Michael Kremer and  Abhijit Banerjee show), 

applications within the space sector are still very limited. Although this method has some 

complications (e.g. it is essential to accurately take into account confounding factors) to attribute 

welfare changes to the availability of the EO service, we suggest that it has important potential. The 

impact of satellite data, when used in some areas, compared with a control group of other areas 

using other sources of information, lends itself to quasi-experiment econometric analysis. The 

application of such methods may convincingly reveal the potential, if any, to increase policy 

effectiveness with satellite data. 

 

3. Concluding remarks  

In this paper, we have reviewed the current and potential cross-fertilization between earth 

observation and socio-economic studies.  

From one side, we have examined how social scientists and economists can increasingly use 

satellite data in the analysis of different socio-economic issues. Indeed EO is contributing to a 

growing scientific literature which takes advantage of the newly available data to answer a varied 

set of research questions. By providing high spatial resolution images and other data on the Earth, 

with wide frequency and geographical coverage, EO gives the possibility to build new useful 

datasets advancing the process of understanding our societies. Drawing on scientometric 

techniques and the analysis of the literature, we have identified five research strands where EO 

data availability is significantly contributing to empirical socio-economic studies. Future research 

on this issue could be based on a more systematic classification of the content of scientific 

publications in social sciences stemming from EO, for example by supporting manual 

categorization with text mining techniques as the Latent Dirichlet Allocation (LDA) method18.  

However, despite this important contribution, we have highlighted the unexploited potential due 

to limitations to the use of EO data in social sciences, possibly arising by the lack of sufficient 

                                                             
18 https://radimrehurek.com/gensim/about.html  With this methodology, the title and abstract of each document is 
considered as a set of words that, combined together, form one or more subsets of latent topics characterised by a 
particular distribution of words. The idea behind is that when a paper is related to a certain topic, particular words are 
expected to appear more frequently. The model allows the classification of the main topic of a given document by 
providing the probability of being in a specific topic class in case the document discusses multiple topics. 

https://it.wikipedia.org/wiki/Michael_Kremer
https://it.wikipedia.org/wiki/Abhijit_Banerjee
https://radimrehurek.com/gensim/about.html
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dialogue between economists and scientists in remote sensing and related disciplines. Such 

constraint relates, among others, to the format of the available data, that does not make them 

user friendly; to issues of the spatial dependence of EO data which can bias econometric analysis;  

and to issues of treatment of the original data, which is often unknown to economists in terms of 

possible statistical bias. Hence we stressed for more collaboration and interchange between 

remote sensing scientists and economists when designing EO systems. This could be achieved, for 

example, by strengthening the data support services of public available EO data, which may 

become available to efficiently provide the appropriate format of data, and level of aggregation, 

according to specific users’ requests. Despite an increasing diffusion of important initiatives (for 

example the creation of the NASA Socioeconomic Data and Applications Center – SEDAC- 19 and 

the United States Geological Survey (USGS) Landsat Analysis Ready Data which have started 

disclosing datasets that are of interest to, and usable by, social scientists20 or several GEO 

initiatives21 to improve the availability, access and use of open EO data to impact policy and 

decision making in a wide range of sectors) we believe the potential use of EO data in the study of 

socio-economic phenomena is still unexpressed (as mentioned for example by Tassa, 2019) and 

would require further publicity and technical efforts, for more widespread use. This could also be 

realised through a more effective and systematic dialogue between researchers, academics and 

EO experts, for example through the organization of recurring thematic meetings, ad hoc training 

on the use of data, the design of customized products to better match the demand and supply of 

data within the scientific community. We also suggest that some good worked examples and 

tutorials in the EO data platforms should be given having in mind a social scientist who wants to 

use the data with his/her typical research questions and methods.  

On the other hand, we have discussed how economists, and in particular, welfare economists can 

contribute to empirically estimating the socio-economic benefits deriving from services and 

applications based on EO data. This is a relevant issue, as governments, private and public 

institutions public should rely on the prediction and estimation of current and future benefits in 

the long term before deciding the optimum level of investment in EO systems. By focusing on the 

last segment of the EO value chain, we have reviewed some of the most popular estimation 

                                                             
19 https://sedac.ciesin.columbia.edu/ 
20 https://www.usgs.gov/core-science-systems/nli/landsat/us-landsat-analysis-ready-data?qt-
science_support_page_related_con=0#qt-science_support_page_related_con 
21 http://www.earthobservations.org/index.php 

http://www.earthobservations.org/index.php
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approaches, providing a critical discussion of the pros and cons of each of them. We have also 

highlighted that whilst some of these methods are becoming popular in the space sector, a higher 

involvement of welfare economists is needed. Experts of the EO sector and consulting companies 

may need to design more robust methods for the quantification of socio-economic benefits 

deriving from the exploitation of EO data with an impact into real life. As a matter of fact, while 

there is a non-negligible grey literature in this area, it is perhaps revealing that only a small fraction 

of this research is eventually published in peer-reviewed economic journals, that require that the 

empirical evidence is tested with econometric or other quantitative methods. 

We suggest that there is room for improvement in this area of studies, as certain empirical 

methods available to economists, such as econometric methods based on quasi-experimental 

settings, contingent valuation experiments, social cost-benefit analysis techniques, and other 

quantitative approaches familiar to economists did not find yet frequent applications in the 

understanding of the socio-economic benefits of EO data. Several international efforts are being 

made in this direction, such as the creation of the VALUABLES consortium or the GEOVALUE 

community22 (with a focus on the value and socio-economic impacts of geospatial information for 

decision making). Further interactions could also be further pursued through the organization of 

ad hoc interdisciplinary workshops, recurring meetings, dedicated training, the creation of a 

common glossary, funding opportunity by space agencies for interdisciplinary working groups to 

achieve common goals. 

Hence, we conclude by recommending a more systematic dialogue, collaboration and cross-

fertilization between experts of EO data applications and economists interested in socio-economic 

subjects as this interplay may highly benefit both. Indeed this interaction would lead to easier 

access to data (e.g. for econometric modelling) and would boost, from one side, research in the 

socio-economic field and, from the other side, would support a more precise estimation of the 

current and potential socio-economic benefits of EO leading to more calibrated investment 

decisions.  

Nowadays this interaction is also essential to better analyse interactions between human activities 

and the Earth system, to study the causes, consequences and solutions to problems that arise from 

                                                             
22 http://geovalue.org 

 

http://geovalue.org/
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global change23, as well to advance a system dynamics model of social, economic, and 

environmental earth systems and their interdependencies24. This interaction would also be 

instrumental in pushing forward important projects to monitor the health of the planet, to support 

policy-making and its implementation, perform simulations, improve modelling and predictive 

capacities, reinforce industrial and technological capabilities and artificial intelligence as well as 

high-performance computing (e.g. Destination Earth initiative)25. 
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Table 1: The contribution of EO data in the study of socio-economic issues: selected examples  

Contribution of EO data  Main References 

 Night lights as an indicator of economic growth 
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Clark et al. (2017)  

Provision of housing and built environment information Vogel et al. (2018)  
Marx et al. (2019) 

Satellite data  as  indicators of environmental policy effectiveness 
Chen et al. (2013 
Burgess et al. (2012)  
Jayachandran (2009) 
OECD (2019) 

 Economic data comparability at fine-grain geographical level Costinot et al. (2016)  
Hodler and Raschky (2014)  
Diffenbaugh et al. 2020 

EO data in econometric models as exogeneous variables Kudamatsu, 2018 
Saiz (2010)  
Flückiger et al. (2015)  

 

Source: Own elaboration 
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Figure 1: Number of publications related to earth observation in ‘social sciences’ (1998-2018) 

 

Source: Own elaboration from Scopus 

Figure 2: Number of publications related to earth observation in ‘economics, econometrics and finance’ (1998-

2018) 

 

Source: Own elaboration from Scopus 
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