Appendix 1:
Propensity score estimation through the ZIP model
There are a set of partition {g1,g2,…,gQ} on the study “area” (Taiwan). The presence-absence status of bird species k in the grid gi is denoted by Wi,k. For Wi,k=0, we assume that it can be attributed to a structural zero stated in the autoregressive logistic model (A1), or to a random zero (contained in (A2)) which is a realization of a Poisson variate Ui,k (i=1,…,Q) with mean rate . By this definition, we mean: the probability that the event {Wi,k=1} equals to {Ui,k}.
	
The zero-inflated Poisson (ZIP) model comprises two parts; the conditional autoregressive logistic model (A1) and the Poisson model (A2):

,     (A1)
,      (A2)

where  equals to the probability that Wi,k is a Poisson random variable, and 1- is the probability of structural zero. Furthermore,  is the vector denoting the presence of all other species than the k-th species,  is the environmental factor vector, and  with  being the indicator of the event A, denoting the sightimg record of the Queen’s contiguity-based surrounding neighbors.
 These conditions imply that the probability of random zero is exp(). Borrowing the terminology in Rosenbaum and Rubin (1983) [1], we define the propensity score (W, used for a later matching) used for matching as 
         (A3)
In order to estimate the “association” between the AIV outbreaks and the presence of each bird species, we introduced in a previous study the method of propensity score matching and employed a bootstrap resampling to produce repeated realizations of McNemar  values [2]. For the purpose of comparison, we use conditional likelihood based on the set-up of ordinary matching or counter-matching to produce effect estimates of individual bird species.[3~5]

A global risk score for predicting outbreaks: an algorithm
(i) Using 68 bird species, along with their respective p-values derived from conditional likelihood inference via models (A1) to (A3), we extracted a subset denoted as , following the determination of individual bird species' p-values. This subset was obtained using various potential thresholds for p-values ranging from 0.05, 0.10, 0.15, 0.20,...to 0.90. (See Figure 2.) If the selected threshold p-value is represented as , then we denote the resulting subset of  as . Obviously,  whenever . In essence, the higher the chosen p-value threshold, the smaller the number of variables filtered out, resulting in a larger subset; furthermore,  exhibits a nested property. For the sake of symbolic clarity, we continue to designate the chosen covariables corresponding to the p-value threshold  as .

(ii) By employing ordinary logistic regression, disregarding the matching design, all bird species encompassed in  are utilized to compute the comprehensive risk score:
,            (A4)
[bookmark: _GoBack]where  is the -vector of the i-th grid, possibly with adjustment for environmental/terrestrial factors, and  is the coefficient estimate of this ordinary logistic regression. We choose to exclusively employ (A4) for calculating the risk score because the selection of bird species within  relies on the outcomes of conditional likelihood inference. However, the estimation of each bird species' risk parameter is conducted independently through propensity score matching. Consequently, neither conditional likelihood nor conditional logistic regression can offer a comprehensive score estimate of this kind. 

(iii) We link the risk scores  with either a case grid or a control grid to generate the ROC curve.
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