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At the Centers for Disease Control and Prevention (CDC) we regularly use US Census data in 
analyses relating to population health and safety. For variables unavailable in the decennial Census 
100% counts, we used sample estimates collected via the Census long form, Summary File 3 (SF3). 
SF3 data, collected at a single point in time and based on a sample size of approximately one in six 
households, were last collected in 2000. Now we depend on estimates from the Census’s American 
Community Survey (ACS), conducted over various time periods ranging from one to five years.  
The ACS sample size is roughly one in 12 households for five-year sample sets. Here we examine 
the effects of the difference between SF3 and ACS sample size at three scales: state, county, and 
census tract level. We look at the coefficient of variation (CV), a relative measure of sampling error 
for a critical variable in many health studies, percentage of persons below the poverty level. 
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We downloaded American Community Survey 2006-2010 and SF3 2000 poverty estimates for US states, 
counties, and census tracts. In ArcGIS 10, we joined each data set to its associated spatial data layer, i.e. state, 
county, or tract. The ACS data include a poverty estimate for each enumeration unit as well as a margin of 
error (MOE) for each estimate. We used the ACS Toolbox, developed in CDC/ATSDR/DTHHS/GRASP, to calculate
the standard error (SE) and coefficient of variation (CV) for each estimate. Formulas are:

          SE = MOE/1.645 for data at the 90% confidence level (the Census standard)
          CV = (SE/Estimate) * 100

The SF3 2000 data do not include a MOE or SE for estimates. To calculate SEs for SF3 data, we used the 
method described in the Census 2000 Summary File 3 Technical Documentation. The formula for calculating an 
unadjusted SE for percentages (in this case poverty percentage), is:

          SE = √(5/base of esImated percentage) * esImated percentage * (100-esImated percentage)

We then multiplied each unadjusted SE by a design factor the Census provides in a look up table. The design 
factor is based on the variable and percent-in-sample, The adjusted SE was then entered into the CV formula 
above to obtain the relative sampling error for each of the SF3 estimates.

The CV maps on the left are the primary focus. These maps show relative sampling error for poverty percentage 
estimates. The CV maps are sized so the map reader can distinguish the increasingly smaller enumeration units 
as we move from states, to counties, to census tracts. The actual poverty percentage values are shown in the 
smaller map series below.

The National Research Council (NRC), which provides independent advice to the government on science and 
technology, recommends a CV threshold of no higher than 12%. Esri, a GIS software company, uses a less strin-
gent set of ranges, indicating high (CV<=12%), medium (CV 13 to 40%), and low (CV>40%) estimate reliability. 

We see highly reliable estimates for all enumeration units at state level, for both 2000 SF3 and 2006-2010 ACS. 
We expect this given the large population size at state level; even the much smaller sampling rate of the ACS 
(~1 in 40 households) versus SF3 (~1 in 6 households) does not increase the CV beyond the NRC threshold.  
Once below state level, however, our maps show the ACS estimates to be much less reliable than the SF3 
estimates. For both SF3 and ACS, estimate reliability decreases as the enumeration unit - and therefore the 
population – decreases. However, unlike SF3, ACS demonstrates large numbers of unreliable estimates, 
particularly at the census tract level. 
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For most surveys, the larger the sample size, the more reliable the estimate. The small sample sizes for ACS 
data, particularly below the county level, result in estimates that may be unsuitable for many analyses. When 
working with ACS data for small areas, the analyst/cartographer should, at minimum, include a caveat 
indicating substantial error may exist. Optimally, the analyst should map the coefficients of variation to show 
error for each enumeration unit. The ACS implemented improvements during 2011 data collection to decrease 
sampling error, but the benefits will not be apparent until 2016. In the meantime, researchers may investigate 
using local ancillary data to improve ACS estimates.  
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Reliability High Medium Low Unavailable

States 100 0 0 0

Counties 99 1 0 0

Tracts 40 55 4 1

Reliability High Medium Low Unavailable

States 100 0 0 0

Counties 71 29 1 <1

Tracts 1 71 26 2

SF3 2000

ACS 2006-2010

*Classes are based on Esri reliability threshold ranges. 
     The National Research Council recommends a CV 
     no higher than 12%.
** When a poverty percentage estimate is 0, the CV
     cannot be calculated because of a 0 denominator
     in the equation.
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