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The world.
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Non-Pharmaceutical Interventions (NPIs)
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• Hierarchically coded NPIs

• 8 themes (e.g., Social Distancing) 

divided into 63 categories (Closure of

Educational Institutions) divided into

>500 subcategories (Closure of

Kindergartens) 

Desvars-Larrive, A., Dervic, E., Haug, N. et al. A structured open dataset of government interventions in 

response to COVID-19. Sci Data 7, 285 (2020).



How to measure the effectiveness of NPIs?

• Until there are no vaccines or antiviral medications, non-pharmaceutical

interventions (NPIs) are the only option to moderate the virus spread

• To combat the first wave, most governments implemented bundles of highly

restrictive NPIs with limited scientific evidence and under rapidly changing

epidemiological situations.

• Several trackers started to categorize & document NPIs in numerous countries. 

• In total, we considered 3 such databases with ~50k NPI implementations in >200 

countries (we focus here on one of those).

• So, looking back at March—April 2020, what did work? What did not work?
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Haug, N., Geyrhofer, L., Londei, A. … & P. Klimek. Ranking the effectiveness of worldwide COVID-19 

government interventions. Nat Hum Behav 4, 1303–1312 (2020).



Methods

• Correlate NPIs across countries with the time-dependent effective reproduction 

number R(t) with

• 1) Timeseries regression model using LASSO regularization

• 2) Regression model with case-control design

• 3) Random Forest

• 4) Transformer deep learning model

• Validation: (i) within models (e.g. cross validation, leave-one-out analysis), (ii) 

across models by comparison of rankings of significant results, (iii) comparison

across 3 different databases
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4 different methods

Haug, N., Geyrhofer, L., Londei, A. … & P. Klimek. Ranking the effectiveness of worldwide COVID-19 

government interventions. Nat Hum Behav 4, 1303–1312 (2020).



How countries implemented NPIs

• Each circle is a category of NPIs

• Circle size proportional to effectiveness

• Color shows NPI theme (broad

classification)

• From bottom to top: epidemic age, time 

since 30 cases appeared

• Progression from soft NPIs to lockdown

• The hammer: bulk of NPIs comes about

10days after reaching 30 cases.
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Haug, N., Geyrhofer, L., Londei, A. … & P. Klimek. Ranking the effectiveness of worldwide COVID-19 

government interventions. Nat Hum Behav 4, 1303–1312 (2020).



Effectiveness Ranking

• Most effective: close everything

where people meet in smaller

groups for extended period of time 

(offices, schools, restaurants, bars, 

…), movement restrictions, increase

healthcare capacity

• Also effective: risk communication

(toward public & stakeholders), 

governmental assistance for

medically and economically

vulnerable populations
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Haug, N., Geyrhofer, L., Londei, A. … & P. Klimek. Ranking the effectiveness of worldwide COVID-19 

government interventions. Nat Hum Behav 4, 1303–1312 (2020).



Timing matters
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Effectiveness varies over time …

Haug, N., Geyrhofer, L., Londei, A. … & P. Klimek. Ranking the effectiveness of worldwide COVID-19 

government interventions. Nat Hum Behav 4, 1303–1312 (2020).



Context matters
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…and effectiveness varies between countries.
• Tracing & tracking more

effective in high GDP 

countries with low

accountability in governance

• NPIs to increase healthcare

capacity (PPE, medical

supplies) more effective in 

countries with high control

of corruption, regulatory

quality and government

effectiveness

Haug, N., Geyrhofer, L., Londei, A. … & P. Klimek. Ranking the effectiveness of worldwide COVID-19 

government interventions. Nat Hum Behav 4, 1303–1312 (2020).



How effective was the lockdown?

• There is no lockdown per se, lockdown is defined as a bundle of NPIs including 

curfews or other individual movement restrictions and comprehensive closure of 

public places.

• In almost all cases, some of the NPIs where already in place before the lockdown 

was implemented

• Typically, the lockdown added a “little delta” on top of these measures

• A suitable combination (sequence and timing of implementation) of a smaller 

package of NPIs can substitute the lockdown in terms of effectiveness
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Overall, lockdowns show significant but rather moderate effectiveness

Haug, N., Geyrhofer, L., Londei, A. … & P. Klimek. Ranking the effectiveness of worldwide COVID-19 

government interventions. Nat Hum Behav 4, 1303–1312 (2020).



How effective were school closures?

• Literature is undecided on the role of schools, estimates can be found for all over

the place (from no role at all to schools driving 60% of incidence and mortality)

• Further analyses (finer catgories) reveal that school closures the biggest

reductions when targetting pupils aged 12y—18y.

• There are smaller effects for kindergartens and primary schools.

• This is in line with contact tracing data showing the lowest virus attack rates in 

the age group <10y but the highest rates for adolescents and young adults.

• If school closures become necessary as a preventive measure, they should target

age groups 12+.
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Schools play a role in the virus spread but age differences must be considered!

Haug, N., Geyrhofer, L., Londei, A. … & P. Klimek. Ranking the effectiveness of worldwide COVID-19 

government interventions. Nat Hum Behav 4, 1303–1312 (2020).



Austria.
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Introduction
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• As part of the COVID Forecast Consortium we operate one of three

epidemiological models to forecast hospital utilisation via expected developments

in case numbers

• In each of these models, case numbers rise exponentially unless

• NPIs are strong enough (social distancing, test-trace-isolate, etc.)

• We approach herd immunity

• Effects of NPIs can therefore be estimated & forecast from such models via 

observed changes in infection rates.

M. Bicher, M. Zuba, …, P. Klimek, Supporting Austria through the COVID-19 Epidemics with a Forecast-Based 

Early Warning System, medRxiv 2020.10.18.20214767.



Extended SIR-X Model
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B. F. Maier und D. Brockmann, Science 368(6492), 742–746, 2020.

M. Bicher, M. Zuba, …, P. Klimek, https://www.medrxiv.org/content/10.1101/2020.10.18.20214767v2

https://www.medrxiv.org/content/10.1101/2020.10.18.20214767v2


Validation & Forecasts
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Consolidated forecasts typically

work better than individual ones, 

(irrespective of how we consolidate

them)

Example for

reporting

from mid-

September

M. Bicher, M. Zuba, …, P. Klimek, Supporting Austria through the COVID-19 Epidemics with a Forecast-Based 

Early Warning System, medRxiv 2020.10.18.20214767.



Nursing homes.
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Testing for mitigation (done right)
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Lasser J, et al. Agent-based simulations for optimized prevention of the spread of SARS-CoV-2 in nursing 

homes, submitted (2020).



Prevention, not closure.
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Lasser J, et al. Agent-based simulations for optimized prevention of the spread of SARS-CoV-2 in nursing 

homes, submitted (2020).



Key Takeaways

• The earlier we respond to rising case numbers with NPIs, the more effective they

are, the stronger we can rely on other mitigation measures than lockdowns.

• Testing for mitigation most efficient when performed once or twice a week, 

concrete strategies need to be tailored to individual settings. 

• Wishing everyone a joyful christmas!
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