Appendix A: Missing data

	Data may be missing for a number of reasons.  This document will discuss some of the reasons why data may be missing, some techniques for handling missing data, and implications thereof.

	One reason that data may be missing is that there are legitimately zero events.  For example, in the CDC Wonder dataset for drug overdose deaths, Loving County, TX does not appear.  Loving County is one of the smallest counties in the country, with 134 people.
	There may be a small, but non-zero, number of events.  In the same dataset, Grimes County, TX has ten deaths, and an unreliable, but non-zero rate.  This can lead to the situation discussed by Andrew Gelman where counties have either extremely high or extremely low rates, due to having one event or zero events in counties with small populations.[footnoteRef:1]  This may also be due to release guidelines.  For example, Utah has a comprehensive guide for data release which is similar to that used by New Mexico and Montana.[footnoteRef:2] [1:  http://www.stat.columbia.edu/~gelman/research/published/allmaps.pdf]  [2: https://ibis.health.utah.gov/pdf/resource/DataSuppressionSummary.pdf] 

	Data may be missing due to exogenous factors, for example, issues with reporting at specific facilities or with specific organizations.  For example, hospital discharge data may be missing due to issues with reporting or ICD-10-CM transition issues at specific providers.  These issues are unrelated to the specific values.
	Finally, data may be missing due to reporting factors related to specific outcomes.  For example, law enforcement may not want to release high or low arrest rates; neonatal abstinence syndrome may or may not be released due to awareness in specific geographic areas or facilities that serve specific populations.

	The approach to take with missing data depends on what the data is to be used for.  For mapping, if an indicator is only available at the state level, then it may be useful to map, but would be useful for prioritizing outcomes among counties.  Examples of indicators which may not be available for all counties include: death rates, hospitalization rates, prescription drug monitoring program data.  On the other hand, for modeling, it may be better to include rates based on small values knowing those rates will even out in the regression process.  To go back to the Texas counties example, including a zero value for Loving County and unreliable rates for other counties is fine, because it will group with other similar counties in the regression model.  This would be preferable to using a statewide or imputed rate for modeling.  

	The following are some, but not a comprehensive, guide of ways to fill in missing or incomplete data.

	Use a statewide rate
	Use a rate for counties of a similar geography (Northwest, Eastern, etc).
	Use a rate for counties of a similar characteristic (NCHS Urban / Rural Classification, etc.)
	Aggregate counties based on geography (median of rates from surrounding counties)
	Aggregate counties based on characteristics (median of rates with NCHS Urban / Rural 	Classification)
	Multiple imputation methods
	Modeling techniques
	Bayesian smoothing

[bookmark: _GoBack]	Jurisdictions are encouraged to weigh the usefulness of such techniques, along with the ease of use of explaining such to partners.  Public health partners without extensive statistical training may find basic techniques easier to understand than complicated techniques.  

