
hSNS – Portuguese public hospital performance assessment using a multicriteria decision analysis framework

A network Data Envelopment Analysis to estimate nations’ 
efficiency on the fight against SARS-CoV-2

Duarte Caldeira Dinis*, a

*presenting author

Miguel Alves Pereiraa, b

Diogo Cunha Ferreirab

José Rui Figueiraa, b

aCEG-IST, Instituto Superior Técnico, Universidade de Lisboa bCERIS, Instituto Superior Técnico, Universidade de Lisboa



Motivation

• The ongoing SARS-CoV-2 pandemic is deeply impacting health systems worldwide;

• COVID-19 is characterized by relatively high admission rates for patients, particularly
those requiring intensive care unit (ICU) treatment (Remuzzi & Remuzzi, 2020), and
long hospital stays (Rees et al., 2020);

• This drastically diminishes the response capacity of health services to provide
consistent and appropriate care for COVID and non-COVID patients;

• It is, thus, important to assess the efficiency of different countries in responding to
the current crisis, identifying which health systems are presenting the best/worst
performances.
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Network Data Envelopment Analysis (DEA)

• Network DEA extends conventional DEA by considering the internal structures of the
entities under analysis, the decision-making units (DMUs), for efficiency
measurement;

• The approach allows the internal components of a DMU to be assessed by
considering intermediate inputs (or products), and intermediate outputs, both
desirable and undesirable;

• As with DEA, network DEA models can be oriented to output-maximization, or input-
minimization.
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General series structure with five single-division stages

Inputs
𝑥1𝑗 − ℎ𝑒𝑎𝑙𝑡ℎ 𝑒𝑥𝑝𝑒𝑛𝑑𝑖𝑡𝑢𝑟𝑒 𝑀€

𝑥2𝑗 − 𝑡𝑒𝑠𝑡𝑖𝑛𝑔 𝑒𝑞𝑢𝑖𝑝𝑚𝑒𝑛𝑡 €

𝑥3𝑗 − 𝑑𝑖𝑠𝑖𝑛𝑓𝑒𝑐𝑡𝑖𝑜𝑛 𝑎𝑛𝑑 𝑠𝑡𝑒𝑟𝑖𝑙𝑖𝑠𝑎𝑡𝑖𝑜𝑛 €

𝑥4𝑗 − 𝑜𝑥𝑦𝑔𝑒𝑛 𝑡ℎ𝑒𝑟𝑎𝑝𝑦 €

Desirable intermediate products

𝑧𝑗
(1,2) − 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑡ℎ𝑎𝑡 𝑢𝑠𝑒 𝑃𝑃𝐸

Undesirable intermediate products

𝑞𝑗
(1,2) − 𝑝𝑜𝑝. 𝑡ℎ𝑎𝑡 𝑑𝑜𝑒𝑠 𝑛𝑜𝑡 𝑢𝑠𝑒 𝑃𝑃𝐸

𝑞𝑗
(2,3) − 𝑖𝑛𝑓𝑒𝑐𝑡𝑒𝑑 𝑝𝑜𝑝.

𝑞𝑗
(3,4) − 𝑖𝑛𝑓𝑒𝑐𝑡𝑒𝑑 𝑝𝑜𝑝. 𝑖𝑛 ℎ𝑜𝑠𝑝𝑖𝑡𝑎𝑙

𝑞𝑗
(4,5) − ℎ𝑜𝑠𝑝𝑖𝑡𝑎𝑙 𝑝𝑜𝑝. 𝑖𝑛 𝐼𝐶𝑈

Desirable outputs
𝑦1𝑗 − 𝑛𝑜𝑛 − 𝑖𝑛𝑓𝑒𝑐𝑡𝑒𝑑 𝑝𝑜𝑝.

𝑦2𝑗 − ℎ𝑜𝑚𝑒 𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑖𝑒𝑠

𝑦3𝑗 − ℎ𝑜𝑠𝑝𝑖𝑡𝑎𝑙 𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑖𝑒𝑠

𝑦4𝑗 − 𝐼𝐶𝑈 𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑖𝑒𝑠

Undesirable outputs
𝑏1𝑗 − ℎ𝑜𝑠𝑝𝑖𝑡𝑎𝑙 𝑑𝑒𝑎𝑡ℎ𝑠

𝑏2𝑗 − 𝐼𝐶𝑈 𝑑𝑒𝑎𝑡ℎ𝑠
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Division-wise constraints and efficiency (Example: Division 4)
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System-wise constraints and efficiency
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Output oriented model – SOCIAL PERSPECTIVE
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Input oriented model – ECONOMIC PERSPECTIVE
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Dealing with missing data

• Some values for 𝑥1𝑗, 𝑥2𝑗, 𝑥3𝑗, 𝑥4𝑗, 𝑞𝑗
(3,4), 𝑞𝑗

(4,5) and 𝑦1𝑗 have been estimated

through linear regression;

• Values for 𝑦3𝑗 , 𝑦4𝑗 , 𝑏1𝑗 , and 𝑏2𝑗 have been rewritten as a function of the

intermediate products that generate them in a given division 𝑝, weighted by a

simulated value 𝛼(𝑝,𝑜) (where 𝑜 denotes the operational environment):
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𝛼1𝑗
(4,𝑜)

~ 𝑈(0.12, 0.22) (Piroth et al., 2020)

𝛼2𝑗
(5,𝑜)

~ 𝑈(0.72, 0.82) (Rahim et al., 2020)



Case study – Countries

• A total of 55 countries, modelled as DMUs, have been assessed for 2020:

OECD Members (37) OECD prospective members (6) Other countries (8)

Australia Hungary Poland Argentina Algeria

Austria Iceland Portugal Brazil Egypt

Belgium Ireland Slovakia Bulgaria Morocco

Canada Israel Slovenia Croatia Russia

Chile Italy South Korea Peru Thailand

Colombia Japan Spain Romania Tunisia

Czechia Latvia Sweden Ukraine

Denmark Lithuania Switzerland OECD key partners (4) Vietnam

Estonia Luxembourg Turkey China

Finland Mexico United Kingdom India

France Netherlands United States Indonesia

Germany New Zealand South Africa

Greece Norway

10



Case study – Descriptive statistics
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Case study – Results – SOCIAL PERSPECTIVE
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Case study – Results – ECONOMIC PERSPECTIVE
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Case study – Results – AGGREGATE PERSPECTIVE

Q1 Q2 Q3 Q4

Q1 4 3 2 1

Q2 3 3 2 1

Q3 2 2 2 1

Q4 1 1 1 1

Economic perspective
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Conclusions

• None of the DMUs is systematically efficient on average in any of the considered
perspectives – SOCIAL and ECONOMIC;

• Estonia, Iceland, Latvia, Luxembourg, the Netherlands, and New Zealand (≈10% of
the sample) present high mean system efficiency scores in the AGGREGATE
PERSPECTIVE (Q1 level);

• A total of 20 countries (≈36% of the sample) present low mean system efficiency
scores in the AGGREGATE PERSPECTIVE (Q4 level);
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Conclusions (cont.)

• Australia, Austria, Estonia, Germany, Iceland, Japan, Latvia, Luxembourg, the
Netherlands, New Zealand, South Korea, Spain, Sweden, and Ukraine (≈25% of the
sample) present high mean system efficiency scores in the SOCIAL PERSPECTIVE (Q1
level);

• Another 14 countries (≈25% of the sample) present low mean system efficiency
scores in the SOCIAL PERSPECTIVE (Q4 level);
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Conclusions (cont.)

• Algeria, Estonia, Finland, Iceland, Ireland, Latvia, Luxembourg, Mexico, Morocco, the
Netherlands, New Zealand, Romania, Slovenia, and Tunisia (≈25% of the sample)
present high mean system efficiency scores in the ECONOMIC PERSPECTIVE (Q1
level);

• Another 14 countries (≈25% of the sample) present low mean system efficiency
scores in the ECONOMIC PERSPECTIVE (Q4 level).
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