Applying multiple imputation on waterbird census data
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Abstract: The bulk of waterbird censuses are conducted by volunteers. Shifts in availability
of volunteers leads to missing data. Missing data in waterbird censuses are commonly imputed
using the method described by Underhill and Prys-Jones (1994). This method models the raw
counts in terms of several covariates like site, month, year,. . . The missing data are imputed by
the predictions of this model. Finally, the augmented dataset is analyzed.
Since this method uses the predicted values to impute to missing data, the variances of the
parameters of the final analysis are likely to be underestimated. Two key factors play a role in
this. Firstly, the apparent number of observation in the final analysis is higher than the true
number of observations. Secondly, predicted values are less variable than raw counts. Therefore
the imputation adds data with much smaller variation. Furthermore, the method potentially
biases the parameters estimates, depending on the starting values of the imputation.
We compare this imputation method with a model-based multiple imputation (Rubin, 1987).
A missing value is imputed by random number based on the distribution of the prediction for
this value rather than the predicted value itself. The variance of the augmented dataset will
increase depending on the uncertainty of the imputations and is most likely higher than when
a complete dataset would have been available. Whereas imputing predicted values would result
in a lower variance compared to a complete dataset. Next, we apply the same analysis to the
augmented dataset. The results will off course depend on the randomly imputed numbers. We
accommodate this by repeating the imputation and analysis process several times. The parameters of interest are averaged over the different imputations. Their standard errors are based
on the standard errors of the individual imputations and the variance among the parameter
estimates.
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