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I.  Statistical models employed 

The hourly historical average μt was defined as 
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where N is the number of previous days included in the analysis and xt-24i is the observed 

occupancy value at the tth hour some i days previously.   

The seasonal autoregressive integrated moving average (ARIMA) (1,0,1)/(0,1,1) model 

including a 24-hour seasonal component was defined as 

  252425241 −−−−− Θ+Θ++=+−− tttttttt wwwwxxxx θθφφ   (eq. 2) 

where the 1-hour lag coefficient φ  ≠ 0 and the 24-hr seasonal coefficient Θ ≠ 0.  

Lastly, given a priori knowledge of strong 24-hour periodicity of ED occupancy 

behavior, we included a simple sinusoidal model with autoregressive (AR)-structured error, 

[ ] ttt wttxttx =−−−−−−− − )1cos()1sin()cos()sin( 21121 ββφββ   (eq. 3) 

where φ is the 1-hour lag coefficient. This form takes advantage of the trigonometric identity 

between a fully specified sine function, α sin(t + ϕ), which is not amenable to linear regression 

methods, and β1 sin(t) + β2 cos(t), which is. The β coefficients in the latter term can be converted 

to the wave amplitude a in the former equation by 2
2
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II.  Determination of Goodness of Fit Metrics 
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For the historical average model, the likelihood ( ) and log-likelihood were derived 

from the standard Gaussian form as follows: 
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 (eq. 4) 

where 1 < j < 24 is the hour of the day, K is the number of days under study, xj,k is an individual 

hourly occupancy value, and μ and σ are the mean and standard deviation for occupancy values 

at time j. The Akaike Information Criterion (AIC) was calculated from the above in the usual 

fashion 

)log(22 L−= pAIC   (eq. 5) 

where p is the number of model parameters, in this case 24.1   

The parameter estimates, log-likelihood values, and AIC values for the two AR-based 

models were provided by the arima() routines, which employ the Kalman filter method, in R 

2.7.1 (Comprehensive R Archive Network, http://cran.r-project.org). The likelihood functions for 

ARIMA models are too complex to be shown. Three parameters (autoregression term, moving 

average term, and 24-hour seasonal term) were included for the seasonal ARIMA (1,0,1)/(0,1,1) 

model, and four for the sinusoidal model with AR-structured error term (autoregression term, 

intercept, cosine component, and sine component). Table 2 in the main manuscript shows the 

parameter estimates.   
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