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OUTLINE



WHAT A RESEARCH INFRASTRUCTURE IS?
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…”They include: major scientific

equipment (or sets of instruments);

knowledge-based resources such as

collections, archives, or scientific data; e-

infrastructures, such as data and

computing systems and communication

networks…”.

Source: European Union Horizon 2020 Work Programme
James Webb Space Telescope  

SKA



OPEN UNVERSE AS A RESEARCH INFRASTRUCTURE?  
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…”Such infrastructures may be ‘single-sited’, ‘virtual’ or

‘distributed’… By offering high quality research services to

users from different countries, by attracting young people to

science and by networking facilities, research

infrastructures help to structure the scientific

community and play a key role in the

construction of an efficient research and

innovation environment.”.

Source: European Union Horizon 2020 Work Programme PRACE the virtual laboratory



 New research organizational models have

evolved gradually away from the top-down Big

Science paradigm.

 Acknowledgement by the scientific communities of

the need of creating common platforms, shared

by a plurality of teams.

 This is the essence of the RI concept, and has

far-reaching consequences in terms of funding,

ownership, governance, organization,

stakeholders involvement and openness to

outsiders, including the laypeople.

RI AS A NEW PARADIGM
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THE INGREDIENTS OF THE NEW RI PARADIGM

 Flexible accessibility to multiple users

 Shared management

 Human capital incubator

 Technological hub

 Public involvement

 Large CAPEX and OPEX with multiple funders

 Generation of an unprecedented amount of digital information

 Under this angle contemporary telescopes, probes in outer space,

etc. are similar to particle accelerators and genomics platforms and

other bioscience databases
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THE OPEN SCIENCE MODEL

What is the social value of open data in this context ?

Three effects:

- On researchers

- On citizen-scientists

- A public good value

The key feature and potential benefits of the Open Universe initiative:

 Expanded data availability to the global community of space science. This is similar to what

has been achieved with the Human Genome Project and with other large-scale bio-

databanks

 Engagement of citizen-scientists. This is similar to the zoo-universe and other platforms but

on a much larger scale

 Public good value for non-users

Human Genome Project [1990-2003]

Credit : Darryl Leja NHGRI 7/19
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A CBA MODEL FOR RIS: BENEFITS (1)

Customary partition of economic agents in the applied welfare economics literature:

• Drèze, J. and Stern N. (1990)

• Johansson, P-O and Kriström, B. (2015)

• Firms: profit maximization

(producer surplus).

• Consumers: maximizing their

utility (consumer surplus).

• Employees: maximizing their

income for a given amount of

efforts.

• Tax-payers: adjusting their

decisions as a consequence of

the existing fiscal constraints to

minimize the burden of

taxation.
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A CBA MODEL FOR RI: BENEFITS (2)

FIRMS EMPLOYEES: 

early career researchers

TAXPAYERS

Quasi option value (QOV) Existence value (EXV)

Technological externalities

(  )

Human Capital Formation 

(  )

CONSUMERS SCIENTISTS VISITORS

Social benefits to consumers 

of services (  )
Knowledge output (  ) Cultural effects (  )

?
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SOCIAL CBA OF RI - METHODOLOGY IN A NUTSHELL
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CULTURAL IMPACT: ILLUSTRATIVE EXAMPLE

• 1,5 million: yearly visitors at Kennedy Space Center

• 50 years: time horizon of KSC

• 75  million: total number of visitors

• 100 USD : WTP per visitor (including travel cost)

Benefit (undiscounted)  = USD 7.5 x 109

WTP of millions of virtual visitors through the web, media, etc
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CULTURAL EFFECTS OF LHC 
TRAVEL ZONES CONSIDERED

Zone 1

Zone 2

Zone 3

VALUATION THROUGH THE 

TRAVEL COST METHOD

Origin 

zone

Radius distance 

from CERN

Share of 

visitors

Source/ 

Assumption

Zone 1 500 km 24% CERN

Zone 2 500-1,500 km 50% Own assumption

Zone 3 Beyond 1,500 km 26% Own assumption

ZONE 1 ZONE 2 ZONE 3

LHC

TRAM TAXI

PLANETRAINROAD

BUS

Main assumption:
• % of visitors by mode of transport
• Travel cost by zone 

Source:
HEATCO values of travel time by 
modes of transport

BENEFITS TO PERSONAL VISITORS: 

QUANTIFICATION OF VISITORS

Total number of visitors to LHC  =  1,579 thousand
Total number of visitors to travelling exhibitions = 824 thousands

Main source: CERN staff

Main assumption:
Future number of 
visitors

MASS MEDIA BENEFITS: 

NEWS BY MEDIA CHART

BENEFIT FOR SOCIAL MEDIA USERS

Estimated n. Users  until 2025 Average duration. Minutes/month

Youtube 436,350 0.5

Twitter 11,825,400 0.5

Facebook 3,460,698 0.5

Google+ 1,139,964 0.5

TOTAL 16,862,412

BENEFIT FOR WEBSITE VISITORS

Main assumption:
Benefit = value of time 
spent on social media: 
approximate 2 minutes/hit

Estimated n. visitors  until 2025

CERN (LHC) website 211,924,673

ATLAS website 168,746,259

CMS website 7,190,918

ALICE website 56,514,575

LHCb website 1,966,268

TOTAL 446,342,693

OUR PRELIMINARY RESULTS

social media users

volunteer computing

website visitors

mass media on general public

personal visitors

Total present value of

cultural effects
2,099.8 million EUR

Source: Florio, Forte e  Sirtori 

2017 (in Technological

forecasting and social change)
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- To a certain extent, these externalities can be measured, valued, and then entered in an RI’s

social cost-benefit analysis. There are two main approaches.

- One is the avoided cost by using open data and open source software.

Users create by themselves information and tools which they have accessed free of charge. Such

avoided costs are a practical way to estimate the willingness to pay (WTP) and is based ultimately on the

opportunity cost of time of scientists, professionals, and laypeople in communities outside the RIs.
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EXAMPLES

− In the cost benefit analysis of the LHC the value of two open access

software – Root and Geant4 – was found by Florio, Forte and Sirtori

(2016) at 2.8 billion euro out of 13.5 billion LHC cost to 2025

− a CBA of the European Bioinformatics institute after interviewing

more than 4500 users has found that:

“Access (use) value: The most direct measure of the value is the time

and therefore costs users spend accessing EMBL-EBI data and services

- an estimated £270 million during the year to May 2015. “ .

http://www.google.it/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjX1v_KsaLWAhURK1AKHfcgC4oQjRwIBw&url=http://rd-connect.eu/organizations/embl-ebi/&psig=AFQjCNGHvWFPUDBRnqOa--Q-8sMDexnYJQ&ust=1505399836354120


The second approach is to search explicitly for the WTP of certain users, either through market data, or

following a stated preference approach, which is well developed in environmental economics since

more than 20 years but not yet in the evaluation of science projects.

Examples

In the CBA of the European Bioinformatics Institute “ measuring the value users place on a freely

provided service... is an estimated £322 million during the year to May 2015. “ This was again based on

the survey of more than 4500 users.

“ This is compared with ....” £47 million annual operational expenditure, with a minimum direct value to

users that is equivalent to around 6 times the direct operational cost. “ Beagrie N and Houghton J. ,

2016)

They also report wider effects (much more uncertain)

Efficiency impacts: Users reported that EMBL-EBI data and services made their research significantly

more efficient. This benefit to users and their funders is estimated, at a minimum, to be worth £1 billion

per annum worldwide - equivalent to more than 20 times the direct operational cost.

Return on Investment in R&D: during the last year the use of EMBL-EBI services contributed to the

wider realization of future research impacts conservatively estimated to be worth some £920 million

annually, or £6.9 billion over 30 years in net present value.
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Moreover, there may be a non-use value of Open Universe as a public good.

 In environmental economics it has been discovered that citizens have preferences

for the pure existence of some goods, even if they do not plan to use them (e.g.

they do not plan to personally access the Human Genome Project database).

 The existence, or intrinsic value of a public good can be revealed by contingent

valuation experiments. Their objective is to discover the willingness to pay

through specially designed surveys of citizens.
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 Methodological guidelines have been provided by a

NOAA high level panel of economists Chaired by the Nobel

Laureate Kennewth Arrow (1993)

 Florio, Forte and Sirtori (2016) suggest that the perceived intrinsic value of the LHC

science to citizens is 3.2 billion euro.

More recently for review and methods see Johnston et al 2017



The Open Universe initiative has certain costs. These need to be predicted with an appropriate

scenario analysis. Against these costs there may be three types of measurable direct social

benefits (without any further benefits from discoveries)

A) Benefits to researchers. These can be quantitatively estimated with two complementary

methods: (1) (average unit value of the time saved) x (frequency of access by

scientists) and/or

B) (marginal willingness to pay for access) x (frequency of access)

C) Benefits to user-citizens. These can be estimated by WTP surveys of samples of citizen-

scientists

D) Benefits to non-users-citizens. These can be estimated by contingent valuation experiments

on the WTP for ‘Open Universe’ as a public good with representative samples of the

population, in compliance with international guidelines .

Small-scale pilot experiments are needed for pre-testing: a new field.

Conclusions
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