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Real-time COVID-19 forecasting: challenges and 
opportunities of model performance and translation

The COVID-19 pandemic brought mathematical 
modelling into the spotlight, as scientists rushed to use 
data to understand transmission patterns and disease 
severity, and to anticipate future epidemic  outcomes. 
However, the use of COVID-19 modelling has been 
criticised, in part because of a few particularly erroneous 
projections at the start of the pandemic.1 More than 
2 years into the pandemic, models continue to face serious 
obstacles as tools for informing outbreak response.1 
Population-level health outcomes are difficult to predict 
accurately, especially cases and hospitalisations,2 as 
discussed in the International Institute of Forecasters 
blog. This Comment, drawn from our experiences with 
real-time prospective COVID-19 modelling, details 
these obstacles. We aim to highlight areas where further 
research and investment can improve the use of models 
for informing outbreak responses in the USA, with a 
summary of recommendations in the Panel.

Data quality is one of the most important drivers of 
model performance. If data are inconsistent or do not 
reflect reality, models have no reliable ground truth 
from which to learn or be evaluated. Unfortunately, the 
public health infrastructure in the USA was not equipped 
to provide timely, high-quality data on COVID-19 health 
outcomes, and required several disparate efforts to 
fill this need.3 However, inherent flaws remain in the 
COVID-19 data reporting system. For example, decision 
making on how to collect and share COVID-19 data 
fell to individual US states. Each US state has its own 
reporting idiosyncrasies (eg, defining what counts as a 
COVID-19 case or death, whether this definition includes 
probable cases or deaths, and how to define a probable 
case or death), limiting comparative analyses across 
locations. Additionally, artificial spikes or drops in the 
reported numbers of COVID-19 cases and deaths, which 
can result from backlogged testing results released 
from resource-constrained laboratories or batch death 
certificate reviews conducted by states, occur frequently 
and with irregular pattern, and affect both the training 
and evaluation of models that rely on the data. 
Other COVID-19 data, such as vaccinations, testing, 
hospitalisations, and genomic surveillance, have their 
own quality issues, largely because of an inadequate 

data reporting infrastructure, absence of universal data 
standards, and sampling bias.3

In addition to data on health outcomes, many 
modellers have relied on human behavioural data for 
COVID-19 forecasting and scenario analysis with the 
aim to predict transmission patterns more accurately, in 
particular at points when dynamics are rapidly changing. 
However, it is difficult to collect real-time behavioural 
data because human behaviour is inherently hard to 
track. Some COVID-19 risk-reduction behaviours were 
captured through surveys administered on Facebook, 
which represents a substantial step forward in collecting 
open and timely behavioural data; however, these data 
still have sampling and self-reporting bias, and data 
collection ended in June 25, 2022.4

New variants have also played a considerable role 
in surges in the number of COVID-19 ases and deaths 
worldwide. To this end, increased genomic surveillance 
has the potential to inform and improve predictions. 
As of Dec 31, 2021, only 5% of cases in the USA are 
sequenced, compared with more than 50% in other 
countries, including the UK, Iceland, and Australia.5 
To give modellers the best chance of success, we need 
to invest in a data system that provides open, timely, 
and standardised data at a high spatial and temporal 
resolution.

For more on the International 
Institute of Forecasters blog 
see https://forecasters.org/
blog/2021/09/28/on-the-
predictability-of-covid-19/

Panel: Summary of recommendations

1 Invest in infrastructure for data collection
• Prioritise collection of timely high temporal and spatial resolution data
• Standardise reporting of data across jurisdictions (eg, US states)
• Pursue high-quality data that captures risk-reduction behaviours
• Expand genomic surveillance

2 Prioritise translational work
• Adopt Pollett and colleagues’ EPIFORGE guidelines to improve model transparency
• Document and share experiences on translational work and lessons learned
• Control public messaging around research
• Consider more interpretable targets and ways to express uncertainty
• Adopt incentive structures in academia to reward translational work

3 Build an information-sharing ecosystem that is better suited to the needs of 
outbreaks
• Strike a balance between speed and quality of publications
• Implement safeguards to prevent misuse of research by the public
• Create an organised, centralised home for epidemic research
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Because of the uncertainty and fear surrounding 
this unprecedented outbreak, the scale of which has 
not been witnessed before, modelling results were 
sensationalised by the media and skewed to serve 
predetermined political purposes. Given that the 
misunderstanding of scientific findings can have 
serious consequences, modellers have a responsibility 
to facilitate appropriate interpretation of their work. 
Modellers must be explicit in stating how assumptions 
and limitations should shape interpretation, and 
conduct transparent reporting as outlined in Pollett 
and colleagues’ EPIFORGE guidelines.6 Additionally, 
modellers should be trained to communicate directly 
with the media to better explain the science and to help 
manage the corresponding public health messaging.

Models can also guide public health policy. To inform 
decision makers, the best approach is often direct 
collaboration with modellers. These mutually beneficial 
relationships allow modellers to better understand 
the needs of decision makers and help all stakeholders 
to better understand the details and limitations 
of epidemic and pandemic modelling. In addition, 
documenting the process of sharing models with 
decision makers is crucial to advance knowledge of best 
practices for science translation.7

One aspect of modelling that could be redesigned for 
easier interpretation and use by various stakeholders 
and the public is the selection of prediction targets. 
These targets have predominantly been the numbers 
of incident cases and deaths, despite poor forecast 
performance for these data during crucial moments for 
decision making, as discussed in the Forecasters blog. 
Simpler and more interpretable targets that still convey 
useful information should be considered as alternatives. 
One example is a categorical target that predicts if any 
indicators (eg, cases, deaths, or hospitalisations)  in a 
future period will be in a state of rapid growth, moderate 
growth, no change, moderate decline, or rapid decline. 
Predicting a broader range of targets, especially if some 
targets allow increased forecast accuracy and reliability, 
could enhance public trust in modelling and better meet 
the needs of stakeholders.

Another crucial aspect of model translation is 
communicating the range of plausible outcomes instead 
of point predictions only. Modellers should clearly 
commun icate uncertainty and translate statistical 
concepts into formats that are interpretable by 

stakeholders and the public. For example, the 50% and 
95% CIs shown on the COVID-19 Forecast Hub often 
include both upward and downward trends. Without 
additional explanation, these confidence intervals can 
be difficult to interpret. One alternative might be for 
modellers to provide the percentage chance that the 
trend will be increasing, flat, or decreasing. Clearer 
communication of uncertainty can build trust in 
modelling and prevent misuse of models.

An important barrier to successful translation of 
models is the current state of research dissemination. 
Within 10 months of the first confirmed case, 
125 000 COVID-19 scientific articles were shared, 
with 30 000 of them on preprint servers.8 Preprints 
excel at quickly sharing new research but do not have 
the quality assurance traditionally provided by peer 
review. Additionally, there is evidence that preprints 
can be misused in harmful ways to spread extremist 
ideologies and misleading medical information.8 Some 
of these harms might be mitigated by more transparent 
reporting on the limitations and proper interpretations 
of models.6 However, even within the scientific 
community, the sheer volume of information obstructs 
efficient synthesis of the literature to establish best 
practices.9 Efforts to address some of these problems 
exist, such as recruiting researchers to conduct rapid 
and publicly available reviews of papers.10 Nevertheless, 
these disparate efforts (including informal reviews 
on social media) still leave information scattered and 
difficult to synthesise. We need to strike a balance 
between publishing speed and quality, implement 
safeguards to prevent research from being misused, and 
develop a more organised, centralised way to vet and 
disseminate timely information.

Although COVID-19 forecasting and public health 
responses have been heavily dependent on partnerships 
with academic research teams, university-based 
modellers face considerable barriers when choosing to 
engage in crucial, but time-consuming, translational 
work—eg, building, maintaining, and communicating 
modelling results. Extant incentive structures do not 
recognise these efforts, and instead reward traditional 
forms of academic achievement (eg, peer-reviewed 
publications and secured grant funding). The value of 
this type of translational work needs to be recognised 
and elevated to continue the academic community’s 
engagement in real-time outbreak mitigation and 

For more on the International 
Institute of Forecasters blog 

see https://forecasters.org/
blog/2021/09/28/on-the-

predictability-of-covid-19/

For more on the COVID-19 
Forecast Hub see https://
covid19forecasthub.org/
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maximise its impact. Establishing prestigious awards for 
outstanding work of this kind and encouraging journals 
to focus on effective messaging during times of crisis 
could encourage more publications to focus on these 
essential efforts, and more universities to recognise and 
reward academics accordingly.
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(1U01IP001122) and the National Institutes of General Medical Sciences 
(NIGMS; R35GM119582). The content is solely the responsibility of the authors 
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Decision Making Covid Modeling Accelerator and the CDC (U01CK000589). 
ST has been supported by the NSF (2127976) and the CDC SHEPheRD Project 
(200-2016-91781). The funders of the study had no role in the 
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