
7 th INTERNATIONAL CONFERENCE NOVA Health
Tackling Pandemics: Strategies for Prevention, Preparedness and Response

From Maps to Action: Comprehensive Strategies for Pandemic 
Prevention and Response

César Capinha, Iuria Betco & Jorge Rocha



The Growing Challenge of Pandemics: The increasing frequency and impact of pandemics globally, 
highlights the need for proactive strategies.

Geospatial Analysis as a Key Tool: Mapping and spatial data have a key role in understanding and
combating pandemics.

Case Studies: Dengue in Europe and respiratory diseases (Pneumonia and COVID-19) in Portugal—as 
examples of the relevance of such strategies.

Objective: Set the stage for exploring comprehensive strategies, linking data-driven insights to 
actionable outcomes.

Context



DENGUE



1. Environmental suitability in Europe

Data from existing models in 
Europe (7 present, 5 future)

Transform in binary scale
(absence/presence)

Harmonize spatial resolution
(25 km)

Identify common and 
divergent areas/patterns

Identify future  trajectories 
(2 timeframes)

Classify consensus level and 
uncertainty

Categories Present (7 models) Future (5 models)

Unsuitable, low

uncertainty
5 to 7 models agree unsuitable 4 to 5 models agree unsuitable

High uncertainty Only 3 or 4 models agree Only 2 or 3 models agree

Suitable, low

uncertainty
5 to 7 models agree suitable 4 to 5 models agree suitable



Present conditions Future trajectories

Suitable regions will encompass 21% more area,
adding to the 47% of the continent that is suitable
nowadays.

Areas of high uncertainty (high disagreement
between models) mainly in eastern Europe,
northern Britain, Ireland and central Spain.

1. Environmental suitability in Europe



Functional urban area (FUA) - a city and its commuting zone. A densely inhabited city and a less densely populated 

commuting zone whose labor market is highly integrated with the city (OECD, 2012). 

62 metropolitan areas

• Large metropolitan (above 1.5 million people)

• Metropolitan (250.000 to 1.5 million people)

3 medium-size urban areas

• 3 medium areas (100.000 to 250.000 people), in 

Corsica, Sardinia and Estonia

2. Suitability in European urban areas

Urban Audit 2018, GISCO

• Predominant class within FUA boundaries

• Future worst-case scenario – 1/3 urban area covered by a 

more unfavorable variation than given by the baseline



Present conditions
Future conditions

12% unsuitable

39% uncertain 

49% suitable 

0% unsuitable

17% uncertain 

83% suitable 

2. Suitability in European urban areas



• Cities located in northern Europe expected to undergo
the most severe changes (from unsuitable to suitable)

Arhus, Copenhagen, Gothenburg, Stavanger

• Cities of central Europe, Great Britain and Ireland are
expected to become suitable (from uncertain today)

Berlin, Dublin, Geneva, London, Prague, Vienna

• Uncertainty remains in the future for cities such as:

Edinburgh, Madrid, Munich, Warsaw

2. Suitability in European urban areas



Shared Socioeconomic Pathways (SSP) - Future pathways of societal development 

3. Urban population exposed in 2050 

Data from Global Population Grid (1 km) - https://sedac.ciesin.columbia.edu/data/set/popdynamics-1-km-downscaled-pop-base-year-projection-ssp-2000-2100-rev01

 5 alternative outcomes for trends in demographics, economics, technological development, lifestyles, governance…

 Provide quantitative projections of key elements, including national level population growth, educational
composition, urbanization, and economic growth.

SSP3 - intermediate level of growth regarding demographics, economics, technology, governance (Gao, 2020; Jones & O’Neill, 2016).

Population density Population change



3. Urban population exposed in 2050 Suitable cities present
~60 million

Suitable cities future (2050)
~110 million

o Paris - 14 million
o London – 12 million
o Barcelona – 4.8 million
o Berlin – 4.7 million
o Milan – 4.6 million
o Valencia – 1.7 million
o Porto – 1.2 million



 Monthly data (quantity)

 Imports by country

 Period: 2004 – 2019

 Specific products:

Live
Plants

New
Tires

Used
Tires



ECDC, march 2022

Portugal

2002 
2005 
2007 
1973 
2000 
1964 
2012 
1999 
1945 
1965

45%

11%

58%

15%

46%

34%



Portugal

 Upward (positive) trend

 Statistically significant

 Magnitude > new tires (sen)





PNEUMONIA



2018-2023



Random Forest

V003 Isolated classical buildings

V005 Classical buildings in band

V007 Another type of classic 
building

V014 Buildings built before 
1919

V027 Buildings with adobe wall 
structure or loose stone 
masonry

V028 Buildings with another 
type of structure

V032 Non-Classic Family 
Accommodations

V033 Collective 
accommodation

V118 Resident individuals 
employed in the primary sector

Global Model-agnostic



Vila de Rei Local Model-agnostic

V003 Isolated classical buildings, V005 Classical buildings in band, V007 Another type of classic
building, V014 Buildings built before 1919, V027 Buildings with adobe wall structure or loose
stone masonry, V028 Buildings with another type of structure, V032 Non-Classic Family
Accommodations, V033 Collective accommodation, V118 Resident individuals employed in the
primary sector



Pombal

Vila de Rei

Macedo de Cavaleiros

Model
Residuals



SARS-CoV-2





15 Sep 2020 18 Jan 202114 Out 2020 13 Nov 2020 31 Dec 2020





LOCALGLOBAL

PROBABILITY 
DENSITY MODEL



Lisbon (AML)

Porto (AMP)

Without restrictions Public transportation Essencial activities

Without restrictions Public transportation Essencial activities



Porto (AMP)Lisbon (AML)



Estimated values considering the upper and lower thresholds of the confidence interval (95%) of Rt (dashed lines). 
Official recorded cases of new infections are represented as points, daily values until the 6th July, and cumulative weekly values afterwards. 

 Daily new cases - Estimations vs oficial records (23 March 2020 to 26 October 2020)

 2 scenarios: Unrestricted mobility & Restricted to Essential activities



Final Remarks

Key Insights: Lessons learned from the case studies emphasize the importance of early detection and 
intervention.

The Power of Integration: Value of combining geospatial data, public health policies, and community 
engagement.

Call to Action: Encourage stakeholders to adopt comprehensive approaches to pandemic prevention, 
grounded in data and collaboration.

Future Directions: Innovations like AI, real-time data integration, and predictive analytics to enhance 
pandemic preparedness.



Thank You
…and see you soon

jorge.rocha@edu.ulisboa.pt
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