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The need for world health predictions

Operational weather predictions have shown us how
a process-based approach relying on four key build-
ing blocks helps weathering storms. Nowadays, weather
forecasts allow to predict events and enable planning
relief actions few weeks in advance Hoskins [5], Buizza
and Leutbecher [2]; Siilmann et al. [9].

We propose the establishment of a Health Prediction
Center (localization site to be decided), with the mission
to generate knowledge-based, reliable, skilful probabilis-
tic predictions to help managing health-related risks. The
Center should be global in scope, given that health chal-
lenges can impact at global scales (see,.e.g., the COVID-
19 pandemic).

As for weather, health predictions should be probabilis-
tic rather than deterministic ones (a ‘yes’ or ‘no’ forecast
scenario), to recognize the fact that they are affected by
uncertainties (e.g. due to initial and observation errors,
poorly simulated multicausality, and model approxima-
tions) that have to be estimated. The Center will rely on
a state of the art model and a systemic approach, and will
address the increasing call for a more systematic use of
mathematical models, . to assess available intervention
options effectively and therefore indirectly for those decid-
ing on and implementing public health policies.’, [6].
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Whoever tried to use the available data to monitor the
spread of the COVID-19 epidemic in different parts of
the world, realized that often the same variable (e.g. the
number of infected cases) was measured differently in
each country. This made the comparison of the spread in
different countries uncertain, and also made extremely
difficult to understand whether control and prevention
measures taken in one country could have an effect in
another. Robust predictions were consequently very rare.

This scenario retraces the one for weather predictions
in the 1960-70s: few observations were collected, often
with different methods, very few were exchanged, only
simple weather models were developed [4, 10]. People
were still rather sceptical about any reliability of weather
forecasts for more than few days. A big step forward
occurred in the 1970s, when the World Meteorological
Organization (WMO) promoted the adoption of stand-
ards in data collection and exchange, and it established
the Global Telecommunication System (GTS) to co-
ordinate data exchange. Meteorological services started
developing their own models and operational forecasts.
The European Union established the European Centre for
Medium-Range Weather Forecasts (ECMWF), to address
weather prediction with the support of numerical meth-
ods. Nowadays, numerical weather forecasts are a fun-
damental source of extremely valuable information for a
wide range of human activities [1-3], providing decision
makers with standardized, high-quality data for scenario
analyses able to assess the impact of interventions.

©The Author(s) 2021. This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material
in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material

is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the
permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativeco
mmons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/
zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://orcid.org/0000-0002-3754-2271
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12967-021-02771-z&domain=pdf

Buizza et al. J Trans| Med (2021) 19:102

The four key processes of a prediction system
Analogously for weather, any prediction system should
include four key processes:

1. Observe, to identify relevant variables to estimate the
state of the system, to define measurement standards,
to collect continuously and exchange them in real
time.

2. Interpret and model, to understand which are the
main drivers, how different system components
interact, and how phenomena with local or global
scale can affect its dynamics.

3. Estimate and predict, to have an accurate knowl-
edge of the current state of the system, by optimiz-
ing the information extracted from the observations
with a first-guess of the state of the system defined
by a short range forecast, and to forecast how it will
evolve.

4. Diagnose and verify, to understand whether the
model is capable to reproduce realistically the system
dynamics, and to inform the users of the quality of
the predictions, measured using agreed metrics and
standards.

The continuous loop between these four main pro-
cesses helps refining the prediction system, and generate
increasingly valuable forecasts.

Considering the modelling aspects, we do not expect
that health systems follow laws similar to the ones that
describe the behaviour of the Earth system components
that determines its weather and climate. In health sys-
tems, the level of complexity is higher because humans
can modify the determinants of diseases and protect
themselves, thus interfering with the spontaneous
dynamics of the system in a way that does not occur for
weather. Health models need to take also these aspects
into account.

The key players of a prediction infrastructure

In weather, the meteorological infrastructures rely on
organizations that work at three different levels: the
World Meteorological Organization (WMO), interna-
tional centers such as ECMWE, and national meteorolog-
ical services. The WMO aims to coordinate development
and promote coordination and collaboration at the global
level. International centers such as ECMWF in Europe,
and few of the national meteorological centers issue
global forecasts, while the vast majority of the national
meteorological centers focus on the local scale and the
short-range. These forecasts are generated by nesting the
limited-area high-resolution models in the global fore-
casts, which provide them with the initial and boundary
conditions necessary to drive the limited area models.
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A similar model based on three interacting layers is
envisaged for health predictions with National Health
Services and International Health Institutions, includ-
ing the proposed Health Prediction Center, working in a
coordinated manner to improve the flow of standardized
data and the exchange of health predictions (Fig. 1).

Parallelism between weather and health prediction
Table 1 aims to show the parallelism between the meth-
odologies and actions followed in operational weather
prediction according to the four key processes, and the
ones that could be followed in health prediction. Similar-
ities include the need for timely observations, although
the observed variables, data platforms and methods are
different. Data assimilation methods are also similarly,
aimed at estimating the system’s states at regular time
intervals and to be used to initialize predictions for the
future states. Ensemble-methods could be used in both
scenarios to provide uncertainty estimates.

The uncertainty is associated with lack of knowl-
edge about context (spatio-temporal diversity), data
nature and models. In weather prediction, the starting
points are the conservation laws of physics. In health
modelling, a multifaceted process includes genetic,
socio-economic, lifestyle and environmental factors.
Before using models as predictive tools, identifying
and quantifying the sources of uncertainty through
well-chosen parameters are fundamental to limit the
amount of bias to a sustainable level. In terms of per-
formance measurement, parallelisms exists: for exam-
ple, a metric developed to assess the quality of clinical
trials, the Relative Operating Characteristic curve, has
been adopted in weather prediction to assess the capa-
bility of a probabilistic forecast system to discriminate

observation
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Services
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Global Health
Telecomm
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WHO

forecasts

Fig. 1 The World health infrastructure: schematic of the interactions
between the National Health Services (NHSs), the proposed Health
Prediction Center (HCP) and other international organizations,

and the World Health Organization. WHO, with the support of the
NHSs and the HPC, defines the type of observations to collect, their
standards, and a communication protocol. The NHSs collect daily
observations, and exchange them in real time via the health global
telecommunication network (GHTN). The HPC has real-time access
to these data, produces global analyses (i.e. snapshots of the actual
health state of the globe) and forecasts, and issue them. Forecasts
and analyses are also exchanged via the GHTN. The NHSs have access
to the HPC global analyses and forecasts, and use them in their daily
operational activities
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between the occurrence and non-occurrence of
weather events.

The key objectives of a Health Prediction Center
The Center should have the following key objectives:

i. To collect and give access to global health data
(observations and predictions generated by differ-
ent, national and international institutions, includ-
ing its own);

ii. To monitor the world health state;

iii. To produce global forecasts;
iv. To carry out the scientific and technical research
needed to improve health prediction models;

v. To coordinate and promote data and knowledge
sharing;

vi. To provide access to objective diagnostic and veri-
fication of all existing health prediction systems;

vil. To support training and knowledge sharing for the
benefit of science and decision-making.

The Center should produce and make available relia-
ble and accurate global health analyses (which provide
an objective, observation-based snapshot of the daily
situation) and forecasts valid for weeks and months
ahead. It should develop data archive capabilities, data
analysis tools and methodologies, and provide train-
ing in health monitoring and prediction. Most impor-
tantly, the Center should build a reliable, realistic, state
of the art, global, probabilistic prediction model. Let us
stress that this probabilistic model needs to simulate
all relevant sources of forecast error. As Saltelli et al.
[8] pointed out, Asking models for certainty or consen-
sus is more a sign of the difficulties in making contro-
versial decisions than it is a solution, and can invite
ritualistic use of quantification. Models’ assumptions
and limitations must be appraised openly and honestly’

The Center will liaise also with other international
health agencies and institutions, and act as a one-
stop trustworthy coordination point, where scientists
and decision makers could find the most updated
and accurate information. It will provide them with
timely ‘global health analyses) generated by merging all
shared global data and short-term first-guess forecasts,
and ‘global health forecasts.

As it was the case for ECMWF in 1975, the European
Union could now integrate the goals of digitalization
and health services with the establishment of the HPC
as a new, independent organization.
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Weathering the next health storm is possible

The Covid-19 pandemic has bound policy makers to an
unprecedented challenge. Control and forecast are the
two main aspects that drive the policy decisions in their
planning and implementation phases. Here we looked
at the prediction problem. We propose to reflect and
learn from the past and from the experience of other
fields, in particular from those experiences which have
already encountered analogous challenges in tackling
complex systems.

The case of weather has provided valuable insights,
and a possible model to follow to build a structured,
accessible, transparent and knowledge-based informa-
tion and forecast system, which can be used to sup-
port health decisions and interventions. We are fully
aware that the weather and health systems are differ-
ent, but they are equally complex, and both require/
benefit from predictions. Relevant accessible data and
adequate models for providing robust predictions are a
necessary step in supporting political negotiations and
the adoption of specific interventions.

Weather affects almost all human activities, and
today we can manage weather-related risks thanks to
the availability of high-quality data and accurate and
reliable predictions.

Health affects all human activities, as we have wit-
nessed in the past few months. We believe that if we had
the equivalent of the weather infrastructure, supported
by realistic and reliable probabilistic prediction systems,
better and more informed decisions could have been
taken. Indeed, Poletti et al. [7] stressed that predictive
modelling can be extremely valuable, provided that it is
knowledge-based, as we discussed above, and called for
a more systematic integration of predictive modelling
into decision-making processes. We therefore call for an
action aiming to establish a Health Prediction Center.
This will develop a global health accessible prediction
model, capable to contribute with accurate analyses and
forecasts to the future health of the global population.
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