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Geocoding to Create Survey Frames

With the Delivery Sequence File (DSF), from the United States Post Office,
surveys can cheaply and easily create address frames and samples. Many studies
have examined the coverage of these frames (see for example Dohrmann, Han,
and Mohadjer 2006; Iannacchione, Staab, and Redden 2003;
O’Muircheartaigh, Eckman, and Weiss 2002). However, these studies do not
discuss geocoding.

Geocoding is a key step in turning the DSF into a survey frame. Survey
researchers who use these frames should understand the role geocoding plays,
whether they do this work themselves or buy already-geocoded frames or
samples.

Geocoding is necessary because there is a mismatch between the geographies
on the DSF and those used in most surveys. The DSF contains only street
address, city, state, zip code, and other fields related to mail delivery. Household
samples, however, are often based on census geographies such as counties,
tracts, and blocks. Geocoding translates the address data into census blocks.

We have learned a lot about the geocoding process over the past ten years of
work with the DSF. In this article, we share what we have learned. We explain
what geocoding is and how it works. We also discuss what can go wrong.

Geocoding is a two-step process. First an address is assigned a geographic
coordinate (usually latitude and longitude). Then the coordinate is mapped to
census geography. All addresses placed in tracts or blocks selected for the survey
are part of the frame.’

1 There are two common geocoding software programs: ArcGIS, from ESRI, and MapMarker Plus, from Pitney Bowes Business Insight
(formerly MaplInfo). This article focuses on MapMarker Plus, but the two programs work similarly.


https://doi.org/10.29115/SP-2012-0026
https://doi.org/10.29115/SP-2012-0026

Geocoding to Create Survey Frames

7422

‘i’fi’ Even

Odd

Baltimore Ave, 7400 — 7499 block

Figure 1  Example of street-level geocoding.

Step 1: Coordinate Assignment

To assign coordinates, the software compares each address to a database of
street segments and house-number ranges. The database contains the location
of the centerlines of street segments and the even/odd house number patterns.
The program finds the street segment that matches the address, and
interpolates the location of the address within the segment (Zandbergen 2008).

Consider the example address:

7422 Baltimore Avenue
College Park, MD 20740-3208

The address is first matched to the 7400-7499 street segment of Baltimore
Avenue inside the 20740 zip code. The software then places the address 22
percent of the way down the block, on the even-numbered side of the street.
See Figure 1 for an example.

When several units have the same street address, such as the units in an
apartment building, all receive the same coordinate (Pitney Bowes Maplnfo
2008). Note that the software will also geocode addresses that do not exist, if
they fall in a valid address range.

This coordinate assignment method is called street-level geocoding. Eckman
and English (2012) show that 83.3 percent of all residential addresses on the
DSF geocode at this level. It is the most precise nationally available method of
geocoding in the United States (Zandbergen 2008).

Sometimes the software is not able to find the street segment in the zip code.
In these cases, it will use a less precise method. Postal-level geocoding assigns a
coordinate based on the zip code. The software will attempt to geocode to the
zip + 4 level.? If found in the database, the address is assigned to the centroid of
that zip + 4.

2 The zip + 4 is the full nine digit zip code assigned by the United States Postal Service, 20740-3208 in the example. For more information on

how United States’. zip codes are structured, see http://www.usps.com/fags/ziplookup-fags.htm.
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If the zip + 4 code is not present on the address or is not found in the database,
the software next tries geocoding to zip + 2. If that method also fails, the
software will use the five digit zip code centroid. (The three-digit zip code
and city-level geocoding are also possible, if all else fails. We find these are not

needed when geocoding the DSF.)

Ideally, the assigned coordinates are very close to the true location of the
address. Studies of the distances between the two points found errors of
around 50 to 200 meters, and larger in rural areas than in urban areas (Bonner
et al. 2003; Cayo and Talbot 2003; Morton et al. 2007; Schootman et al. 2007;
Strickland et al. 2007; Ward et al. 2005; Whitsel et al. 2004, 2006).

Coordinates assigned by street-level geocoding are more likely to be close to
their true location than those assigned by postal geocoding. zip + 4 codes refer
to small areas, and geocoded coordinates assigned at this level may be accurate.
In urban areas, zip + 4 codes are often one side of a census block, or floors of a
large building. zip + 2 and zip geocodes are less accurate.

However, even street-level geocoding can be far off the mark. Sometimes the
database is wrong about which side contains the even numbers and which the
odd (O’Muircheartaigh, Eckman, and Weiss 2002; Schilp 2005). This error can
affect block assignment in step 2, which is crucial for making a high quality
survey frame.

Step 2: Block Assignment

The second step of the geocoding process translates the address’s coordinate
into a census block code. MapMarker Plus lays a block layer over the
coordinates. Each address is assigned to the block that it falls into. If the address
is assigned to a block selected for the survey, it becomes part of the frame.

See Figure 2 for an illustration. In the first panel, addresses are geocoded (the
stars). They are assigned to the block where the star lies. Blocks 2002, 2003, and
2004 are selected for the survey. In the second panel, only addresses assigned to
these blocks are on the frame.

Ideally, this process places addresses into the block where they really are.
Investigations of the accuracy of assighment to census geographies have
reported that 35% of addresses are placed in the wrong blocks, and five percent
in the wrong tract (Krieger et al. 2001; Morton et al. 2007; Ratcliffe 2001;
Schootman et al. 2007; Strickland et al. 2007).

When addresses are placed into the wrong block, the frame may have problems
of undercoverage or overcoverage. Undercoverage happens when the frame
excludes addresses that are inside the selected area. Undercoverage in face-
to-face surveys is hard to detect and can lead to bias. Although missed unit
techniques have been proposed to fix undercoverage, their performance is not
promising (Eckman and O’Muircheartaigh 2011; McMichael et al. 2008).

Survey Practice



Geocoding to Create Survey Frames

o

R R I T I E TR
: Block 2001 : : Block 2002 : : Block 2005 :
% w| % % |y %
IR0 2 - - - N - A A - L G- - N - - 4
*ﬁﬁ-'&s’tﬁ'x’r b= - - B - 4 ﬁ-ﬁ-ﬁs’-\'ﬁ-ﬁ'*
a4 -8 R4
¥ Block 2003 o s Block 2004 2 | Block 2006 %
b | % % | % w
P O & & xox W
Shaded blocks are those selected for survey
b
OB %
Block 2002 e
%
E: 4 <4
- . B - B
A
| T
®  Block 2003 . Block 2004 %
S | % <4
T aaas wla s EaE %

Addresses in selected blocks become the survey frame

Figure 2 Geocoded addresses become a survey frame.

Overcoverage happens when the frame includes addresses that are not valid
housing units or are outside the area. Some overcoverage is easy to fix.
Interviewers can identify non-residential addresses. However, when an address
in Block 2001 is incorrectly placed into Block 2003, that unit is overcovered.
Such errors can be hard for interviewers to notice, or may cause them
confusion. This type of overcoverage can also lead to bias.

Correct block placement depends on how the coordinate is assigned in step 1.
When postal-level geocoding is used, block assignment is likely to be wrong.
Addresses that geocode to the zIP or zIP+2 centroid are assigned to the block
that contains the centroid. This block will be correct only by chance.

Block assignment is more likely to be correct when an address geocodes at the
street-level. However, even these coordinates can be placed in the wrong block,
especially if there are side-of-street errors. The odd and even sides of a street are
often in different census blocks. There are no estimates of how often side-of-
street errors occur, or of undercoverage and overcoverage due to such errors.

There is another type of error that can lead to incorrect block assignment.
Sometimes the database used to assign coordinates and the block layer used to
assign block codes do not line up. We call this the layer-oftset problem.
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Figure 3  Layer-offset problem.

Figure 3 shows an example. This map is made up of two layers. One is the
street database used in geocoding. The other is the block layer used to assign
coordinates to census geographies. The shaded area in Figure 3(a) indicates the
blocks selected for inclusion in the survey. The survey frame will be made up of
all addresses whose coordinates fall inside this shaded area.

Zooming in to the northwest corner of the selected area shows that the block
(shaded) layer does not line up with the street layer. In Figure 3(b), we can see
that while the boundary of the shaded area is meant to be Matau Way, the block
layer contains a kink in the street that is not present in the street layer. This
issue can lead to undercoverage and overcoverage, but there are no estimates of
how often this error occurs in the map layers.

Most commercially-available map data are derived from Census Bureau
Topologically Integrated Geographic Encoding and Referencing (TIGER)
data. We hope that the Census Bureau’s project to improve TIGER data for
the 2010 Census will reduce the side-of-street and layer-offset issues.

We want researchers to be knowledgeable consumers of geocoded data.
Researchers who purchase frames or samples from the DSF should know
where the data come from and how they are geocoded.

Armed with this information, different surveys will make different choices.
For example, a survey which plans to merge in the distance from each selected
address to the nearest hospital may decide to use only addresses that geocode at
the street-level. This approach has a net coverage rate of 86.7 percent nationally.
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Another survey may decide not to worry about geocoding accuracy but can use
only addresses that an interviewer can visit (no post office of similar addresses).
This approach has a net coverage rate of 92.3 percent nationally. Both of these
coverage rates vary considerably by state, which raises concerns for regional
surveys (reanalysis of data in Eckman and English 2012).

The role of geocoding in surveys is sure to increase in the next decade. This
article has provided some background about the geocoding process in the
context of frame creation. However, geocoding is used not only to make
frames, but also in data collection and analysis. English and Pedlow (2005)
discuss using geocoding to assign interviewers to cases. Nusser (2007) reviews
other uses of geocoding and other types of geographic information systems
(GIS) in surveys. We hope this article inspires survey researchers to learn more
about GIS tools — how they can improve survey data and the errors they can
introduce.
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