
different patterns of increase of Reff (for details, see S1 Text). We retrained the learning algo-
rithm on simulated datasets consisting of only (1) concave (d2Reff / dt2 < 0; waning immunity)
and (2) convex (d2Reff / dt2 > 0; evolution) trends. Surprisingly, the EWS weights obtained by
fitting to simulated data that comprised both mechanisms of increase performed best, compa-
rable to training on concave/convex data alone (S5 and S6 Figs).

We performed a similar comparison using data simulated from a model with multiple
time-varying parameters, in addition to Reff (which drives the transition), to assess their con-
founding effects (S7 Fig). As might be expected, the presence of covariates reduced

Fig 2. Demonstration of algorithm design and operationalization. (a) To create a training dataset, 105 unique parameter sets were selected according to Latin
hypercube sampling. Half were emerging (R0 had an increasing trend with endpoint R0 = 1), and half were not (no overall trend). (b) For each parameter set, a
stochastic simulation algorithm was used to produce a time series of weekly case reports, subject to observation error. (c) For each simulated time series, 8 EWSs

were calculated (see panel g). (d) The measure of emergence risk, defined as Dt à â1á expÖ�
X8

ià1
wiYi;t � w0Üä

�1, was fitted to the emerging and nonemerging

simulated time series using penalized logistic regression (see Methods), generating EWS weights fwig
8

ià1 used in Dt (fitted values are listed in S5 Table). Our
algorithm detects emergence whenever Dt exceeds the detection threshold c. (e) Using the fitted weights (panel h), we parameterized c by minimizing the
classification error using the ROC curve. In panels (f–i), we present a step-by-step outline of how, for any time series data, our fitted algorithm functions as an early
warning system. EWS, early warning signal; ROC, receiver-operator characteristic.
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