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Report 
Project summary: Seasonal influenza and Influenza like Illnesses (ILI) pose a serious public health risk 
and in turn affect the economy. Various factors affect ILI cases and mortality, including the pathogen and 
its interaction with the host, as well as environmental and socioeconomic factors such as meteorology, 
household structure, air pollution, urbanization, and population. Despite the growing number of studies on 
influenza and ILI, challenges remain in forecasting the timing of seasonal onset, outbreak patterns, and key 
factors affecting transmission. In particular, the impacts of meteorology and air quality on ILI have been 
challenging to understand, with linear regression studies focused on different geographic regions producing 
contradictory results.  For example, influenza seasonality has been associated with cold-dry conditions in 
temperate mid-latitudes, but with humid-rainy conditions in tropical climates (Tamerius et al., 2013).  These 
apparently contradictory results imply that the relationships between influenza cases and atmospheric 
variables may be too complex to be captured by linear regression models. In this seed project, we analyze 
meteorology and air quality variables from numerical models to determine which atmospheric variables are 
most helpful in predicting weekly changes in recorded flu cases.  In contrast to most previous studies that 
relied on linear regression analysis to predict the timing of the flu onset or peak, we employ a robust 
machine learning algorithm to evaluate the contribution of atmospheric variables to weekly changes in 
recorded ILI cases.  These results may also be relevant to the spread of other respiratory illnesses such as 
Corona Virus Disease – 2019 (COVID-19). 
Introduction and Project background: Previous studies have determined that the meteorological 
variables associated with the timing of ILI cases differ between geographical regions. Most of these studies 
have identified correlations of influenza patterns with key climate variables like temperature, humidity, and 
precipitation (Liu et al., 2019). Additionally, previous exposure to air pollutants, particularly fine particulate 
matter (PM2.5) and ozone, has been shown to be associated with greater susceptibility and poorer outcomes 
for respiratory illness (Chen et al., 2017).  However, statistical correlations between air pollutants and 
influenza mortality are not well-understood. This project aimed to improve that understanding by developing 
a machine learning approach that employs Random Forest regression models to identify meteorological 
and air quality features that demonstrate significant impact on seasonal influenza outbreaks in the 
contiguous United States (CONUS). We also analyze the key meteorological and air quality variables that 
drive ILI percentage counts in separate National Climate Assessment (NCA) regions. In recent decades, 
machine learning approaches have been increasingly used in the study of infectious diseases to discern 
the key factors driving their patterns. For example, a Random Forest (RF) regression model was found to 
perform better than conventional moving average methods in identifying factors associated with H1B1pdm 
influenza infections (Petukhova et al., 2018).  

Data and Approach: We compare the performance of three models for one-week-ahead prediction of ILI 
data to asses the impacts of meteorological features and air quality variables on influenza infection. The 
models contained information about the infection history and either no meteorological data (RFr), one week 
of meteorological data (RFM), or meteorological data including lags up to four weeks (RFMd).   Influenza 
case numbers were obtained from the CDC; meteorological and air quality data were obtained from the 
NASA MERRA-2 reanalysis product. 

Results and Accomplishments: Inclusion of meterological and air quality data in the RF model improved 
the one-week-ahead prediction of ILI. The four unique meterological features that primarily contributed to 
improvement in predictability of ILI cases were identified for each of the models. For the RFM, we find that 
total column Ozone (O3), Surface Pressure (PS), Surface sulfate mass concentrations (SO4), and total 
precipitable water vapor (TQV) are the key variables driving percentage of ILI counts across CONUS 
(hereafter, RFM with SM). For the RFMd, in addition to O3, TQV, and SO4, an unexpected result was the 
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finding that the quasi-geostrophic vertical velocity at the 500mb pressure level (OMEGA_500) played a key 
role in prediction of ILI.  Box plots in Figure 1 shows the improvement in the RF model on adding 
meteorological variables compared to the control experiment. This is suggestive of a possible mediating 
role of synoptic-scale air stagnation events in contributing to air pollution effects on respiratory illness 
outcomes, although further work would be required to validate this hypothesis. Since aILI is tied to severity 
of symptoms it is difficult to discern whether the observed effects are the result of atmospheric impacts on 
airborne transmission (e.g., due to longer residence time of viral particulates in dry air), impacts on host 
susceptibility to infection, or impacts on the severity of symptoms among individuals previously exposed to 
pollutants.   
Impacts/Benefits: Our results suggest that population-scale respiratory illness transmission and/or 
outcomes are tied to atmospheric variables, and therefore may be sensitive to changes in future climate.  
In particular, air stagnation events are projected to occur more fequently in many regions under future 
climate conditions, leading to more frequent exceedences of clean air thresholds for ozone and PM2.5.  
Our results suggest that projected future increases in air stagnation and poor air quality have the 

potential to cause future flu seasons to be 
more severe than otherwise expected.  
These findings may also prove relevant to the 
transmission of other infectious diseases, 
including COVID-19 and future emerging 
respiratory illnesses. A manuscript 
describing these results is in preparation 
for submission to the journal Geohealth.  

Figure 1. One-week-ahead flu forecast is 
improved by inclusion of meteorological and 
air quality variables in the random forest (RF) 
model. Box plots show the improvement in 
mean squared error (MSE) differences 
between the control RF model and 

experiment. 
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RFr  : RF model with no meteorology,  
RFM: RF model with all meteorological features 
RFM with SM : RF model with a subset of meteorological features 
(RFM with SM) 
RFMd includes all meteorological features with a 4-week lag, 
RFMd with SMd represents the model with a subset of 
meteorological features with a 4-week lag  
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