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Introduction
For the Urban Patterns dataset, the numbers of housing units for 1940 through 1960
were estimated using the data on housing units by year-built from the Neighborhood
Change Database (Urban Institute and Geolytics 2003). For areas tracted in 1970, the
data for 1970 were used. Values for the smaller numbers other tracts were estimated
from either the 1980 or 1990 year-built data, using the oldest data available to estimate
the housing unit counts for all prior years.
Estimating the number of housing units for prior census years from the year-built data is
subject to several types of errors. The classification of the units by year-built category
will have error because of lack of knowledge as to exactly when the structure was
constructed. Units will have been lost from or added to the stock of units in existence at
the earlier year. This occurs as a result of demolitions, the subdivision or combination of
units, and movement of structures from residential to nonresidential use and vice versa.
We would expect most of this change to be losses of units from the stock. Finally, some
small bias is introduced as the year-built data refer to calendar years and thus refer to
units built before January 1 of the census year, while the census nominally includes
units built through April 1.
In addition to the error associated with the use of the year-built data, the estimates
derived from the Neighborhood Change data will include the error associated with the
estimation of the 1970 year-built data (or data from later years) for the 2000 census
tract boundaries.
Obviously it is impossible to determine the error in these estimates from the year-built
data by comparing them with the correct values for the census tracts. If we had those
values, no estimation procedure would have been necessary. Some inferences can be
made about the extent of the error, however. Census 2000 data on housing units by
year-built can be used in an analogous fashion to estimate tract housing unit counts for
the census years from 1970 through 1990. These estimates can then be compared with
the housing unit counts from the Neighborhood Change Database to provide an
indication of the extent of the error associated with using the year-built data.
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Data and Methods
The starting point for the creation of dataset for this analysis is the set of data prepared
for all of the census tracts within the Combined Statistical Areas/Metropolitan Statistical
Areas that was used for creating the Urban Patterns dataset, derived from the
Neighborhood Change Database (Urban Institute and Geolytics 2003). The
Neighborhood Change Database includes housing unit data normalized to the 2000
census tract boundaries for all tracts for 1990 and 2000 and for those areas that were
tracted in 1970 and 1980. (Most built-up portions of large urban areas were tracted in
1970 so the untracted areas are in the outlying portions of the metropolitan areas.)
Numbers of housing units for the census years 1940 through 1960 and for those tracts
in untracted areas missing data for 1970 and, in some cases, 1980, were made from
housing units by year-built data. The 1970 year-built data were used to make these
estimates where available. The oldest year-built data available for 1980 or 1990 was
used for the 1970 and 1980 estimates for the areas not tracted in those years. For this
analysis, only those tracts within areas tracted in all four years were retained so
comparisons could be made with actual census data.
Tract data from the 2000 census on housing units by year-built were added from the
Neighborhood Change Database. Note that since these are for the 2000 census tracts,
no error is introduced by conversion to different tract boundaries. These data were used
to make estimates of the numbers of housing units for each census year from 1940 to
1990.
The analysis begins with the examination of the error from using the estimates of
housing units derived from the 2000 year-built data compared with the housing unit
counts from the Neighborhood Change Database for 1970 through 1990, first for tracts
with no boundary changes from 1970 to 2000 and then for the changed tracts. The
estimates of housing units for 1940 through 1960 from the year-built data are then
compared with the estimates made from the 2000 year-built data to further consider the
effect of time. Finally, the increases in misclassification of tracts as urban resulting from
the use of the year 2000 year-built estimates is considered.
Using Year-built Estimates versus Census Counts
The analysis begins by comparing the estimates of housing units for 1970 through 1990
derived from the 2000 year-built data with the actual housing unit counts from the
Neighborhood Change Database for the those tracts for which the boundaries were not
changed from 1970 though 2000. Because this uses only the unchanged tracts, the
Neighborhood Change Database values are the actual census counts for the census
tracts, not estimates made by adjusting the original tract data to 2000 tract boundaries.
The first comparison uses regression, with the estimates of housing units derived from
the 2000 year-built data being used to predict the actual count of housing units from the
census. These are the results from 1990 back through 1970 for 11,766 census tracts:
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R2

Year

Regression
Coefficient
Estimated Units

Constant

1990

0.97

1.02

21

1980

0.94

1.02

78

1970

0.83

1.02

176

The prediction is very good for 1990, with an R2 value of 0.97 indicating that the
estimates from the year-built data account for nearly all of the variation in the census
counts. The relationship is not quite as strong for 1980, with an R2 of 0.94. Going 30
years back, to 1970, produces a more significant drop in fit to 0.83.
The regression coefficients are all 1.02, very close to the value of 1 which would be
expected if the values from the year-built data are accurate estimates of the actual
census values. The constant terms are all positive which, combined with the regression
coefficients just over 1, indicate that the actual census counts are generally higher than
the estimated values and, because the regression coefficients are slightly greater than
1, the differences increase somewhat with the size of the tracts.
The size of the constant is very small for 1990, only 21 units. It increases going back in
time to 176 units for 1970. The positive constants increasing with the number of
decades before the 2000 year-built data used to make the estimates is consistent with
the loss of units from the stock, which would be expected to increase over time.
The magnitude of the loss for the typical tract can be seen by examining the mean
difference between the census count and the estimates from the year-built data:
Year

Mean Number of
Housing Units

Mean Difference
Actual vs
Estimated
Housing Units

Mean Difference
as Percent of
Mean Units

1990

1,546

-49

-3.2

1980

1,485

-108

-7.3

1970

1,388

-199

-14.3

For 1990, the mean difference was -49 housing units, which was a drop of 3 percent of
the mean number of housing units in a tract, a relatively small error. By 1980, the mean
difference had increased to 7 percent of the mean tract units, and by 1970, the
difference was up to 14 percent.
Alternatively, the percentage difference for actual housing units compared with the yearbuilt estimates can be calculated for each tract and the mean of the percentage can be
computed:
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Year

N

Mean Percentage
Difference Actual
vs Estimated
Housing Units

1990

11,658

-1.9

1980

11,673

-6.6

1970

11,613

-12.0

These means are comparable to and slightly smaller in magnitude than the mean
differences as a percentage of the mean.
Not all of the differences are positive. Loss of units from the stock may be the major
source of error in using the year-built data to estimate housing units for earlier years but
is certainly not the only source of error. Some error may involve overestimates of the
numbers of units in prior years that would to some extent balance out the
underestimates due to stock loss. To examine this, we look at the mean of the absolute
differences (or deviations):
Year

Mean Number of
Housing Units

Mean Absolute
Value of
Difference Urban
Patterns vs
Estimated
Housing Units

Mean Absolute
Value of
Difference as
Percent of Mean
Units

1990

1,546

93

6.0

1980

1,485

141

9.5

1970

1,388

236

17.0

The mean absolute differences and the percentages of mean units are, of course, larger
than the mean differences. Percentages of the mean number of housing units range
from 6 percent in 1990 up to 17 percent by 1970.
Following is the scatterplot of the census counts of the number of units for 1990 versus
the number of housing units estimated from the 2000 year-built data
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For 1990, tracts cluster quite closely in a line with only a few significant outliers. The
pattern for 1980 was similar, with of course somewhat greater variation around the line.
By 1970, we see much greater dispersion in the pattern, reflecting the drop-off in the
accuracy of the estimates over time:
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The 2000 year-built data provides quite good estimates of numbers of housing units for
census tracts for 1990. Increasing stock losses make the mean underestimates
somewhat more significant for 1980. The errors are definitely more substantial for
estimates 30 years back, for 1970.
Comparing Results for Unchanged and Changed Tracts
The results in the previous section provide support for the use of the year-built data to
estimate housing unit counts for earlier census years, examining those cases in which
the boundaries of the census tracts have not changed. They also clearly show the
expected result that the error in such estimates increases with the period of time prior to
the date of the year-built data.
This would seem to support the use of the year-built data from the Neighborhood
Change Database for 1970 (or the earliest year for which it is available) for the
estimation of housing units for earlier census years. One additional source of error is
introduced in this situation, however. For those tracts where the boundaries have
changed between 1970 and 2000, the Neighborhood Change Database has estimates
of the year-built data for 1970 that have been made for the 2000 tracts using data for
the 1970 tracts. And the number of tracts for which the boundaries have changed is
much larger than the number for which boundaries are unchanged, 24,816 versus
11,766.
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Estimates of housing units for 1940 through 1960 can also be made from the year-built
data for the year 2000. This would eliminate the error associated with estimating 1970
year-built data for 2000 tract boundaries. But this would introduce increased error
because the estimates are being made 40 to 70 years prior to the year-built date
compared with using the 1970 year-built data to make the estimates. Given the
increasing error in the year-built estimates with the length of time prior to the year-built
data from which the estimates are made, it may be reasonable to expect that this would
exceed the error in the estimation of 1970 year-built data for 2000 census tractsin the
Neighborhood Change Database. But it would be nice to have some evidence to
support this.
A direct test of the error associated with the Neighborhood Change Database estimation
of earlier year tract data for the 2000 tracts is not possible because those values are not
available. (If they had been, there would have been no need for the Neighborhood
Change Database estimation.) However, estimates of housing units for 1970 to 1990
from the 2000 year-built data provide some basis for inferring the magnitude of the
Neighborhood Change Database estimation error. The general magnitude of the error
associated with the estimation of housing units from the year-built data is known from
the analyses for the unchanged tracts reported in the previous section. Because the
tract boundaries were unchanged, the comparison included no error associated with
Neighborhood Change Database estimation for 2000 tract boundaries. Differences
between the Neighborhood Change Database housing unit counts for the changed
tracts and the estimates from the year-built data will include both the error from the
year-built estimation and the error from the Neighborhood Change Database tract
estimation for year 2000 tract boundaries. The extent to which those differences are
greater than the differences observed for the unchanged tracts may provide a basis for
inferring the differences resulting from the Neighborhood Change Database estimation.
Some caution should be made in drawing these inferences, however. The changed
tracts and the unchanged tracts are two separate sets that are not independent samples
from all of the tracts. The changed tracts had their boundaries changed for a reason.
Often, the reason was that growth in the area required the delineation of smaller tracts.
The changed tracts will likely have very different profiles in terms of the age of the
housing stocks compared to the unchanged tracts. Thus the error associated with the
use of the year-built data to estimate numbers of housing units could be substantially
different. For this reason, the comparison of results for the unchanged and changed
tracts can only be suggestive.
These are the regressions of the the numbers of housing units reported in the
Neighborhood Change Database on the estimates of the numbers of housing units
derived from the 2000 year-built data for the changed tracts, following the results
reported earlier for the unchanged tracts, for comparison:
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R2

Year

Regression
Coefficient
Estimated Units

Constant

Unchanged tracts
1990

0.97

1.02

21

1980

0.94

1.02

78

1970

0.83

1.02

176

1990

0.94

1.02

63

1980

0.83

0.98

117

1970

0.79

1.00

98

Changed tracts

The R2 values are somewhat lower for the changed tracts, but only by 0.03 and 0.04 in
1990 and 1970. For some reason, the drop is larger, from 0.94 to 0.83 in 1980.
Interestingly, the R2 values for the changed tracts in 1990 and 1980 are the same as the
values for unchanged tracts in 1980 and 1970. It is almost as if the increase in the error
associated with the changed tracts is equivalent to the increase in error associated with
estimating one decade farther back from the year-built data. The regression coefficients
are near 1, but 1980 is again an outlier with a coefficient slightly below 1. The constant
terms are larger for 1990, much larger for 1980, and actually smaller for 1970. The
much larger constant term for 1980 is consistent with the lower regression coefficient of
0.98 for that year.
The following table compares the mean absolute differences between the numbers of
housing units from the Neighborhood Change Database and the numbers estimated
from the 2000 year-built data:
Year

Mean Absolute Value of Difference
Urban Patterns vs Estimated Housing
Units
Unchanged Tracts

Percent Change in
Mean, Unchanged
to Changed Tracts

Changed Tracts

1990

93

134

44.2

1980

141

194

38.1

1970

236

204

-13.6

For 1990 and 1980, the mean absolute difference is greater for the changed tracts
compared to the unchanged tracts. This is consistent with the assumption of additional
error being introduced by the estimation of the numbers of housing units for 2000
census tracts in the Neighborhood Change Dataset. However, both of the percentage
increases in the absolute difference are less than 50 percent. If one could assume that
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the errors introduced by the estimation of housing units from the year-built data are the
same for both groups of tracts (which may not be the case), then one might conclude
that the error introduced by the estimation of housing units for 1970 to 1990 for the 2000
tracts in the Neighborhood Change Database is much less than the error introduced by
the estimation of the counts from the 2000 year-built data. For 1970, the mean absolute
value of the difference is actually lower for the changed tracts. This suggest lower errors
in the estimation of units from the year-built data for the changed tracts, perhaps
because of differences in those tracts from the unchanged tracts?
In sum, the comparison of the 2000 year-built estimates with the Neighborhood Change
Database counts for the unchanged and changed tracts shows that error associated
with the year-built estimation is substantially larger than the error associated with the
Neighborhood Change Database estimation for the tracts with boundary changes.
Estimating Housing Units for Earlier Years
This section examines the extent to which using the 1970 year-built data to estimate
housing units for the earlier years results in improvements over using the 2000 yearbuilt data to estimate units for those same years. Actual census housing unit counts for
the 2000 tracts are not available for the census years 1940 through 1960. However
comparison of the estimates derived from the 1970 and 2000 year-built data can
provide some evidence of the advantage associated with using the former.
The differences for 1960 through 1940 between the estimates derived from the 1970
and 2000 year-built data are used to make the comparison. This provides a measure of
the extent to which the loss of housing stock over a longer period of time produces on
average lower estimates from the year-2000 year-built data. The means are for the
unchanged tracts, to eliminate the effect of error associated with the estimation of the
1970 year-built data for the 2000 tract boundaries:
Year

Mean Difference
Urban Patterns vs
Estimated
Housing Units
1960

-199

1950

-217

1940

-229

For all 3 years, the estimates made from the 2000 year-built data are about 200 units
lower than the estimates from the 1970 year-built data. This suggests that estimating 3
decades farther back results in a loss, on average, of about 200 units from the stock. In
the comparison of the 2000 year-built estimates with the actual census counts for the
unchanged tracts from 1990 through 1970, the mean difference for 1970, 30 years prior
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to the data of the year-built data, was 199 units. So the differences seen here for the
earlier estimates are completely consistent with that value observed for 1970.
Misclassification Tests
One major application of the housing unit counts in the urban patterns research is the
classification of tracts and areas as urban and exurban areas. This section compares
the classification of tracts by whether or not they meet the urban density threshold for
the Neighborhood Change Database counts and the 2000 year-built estimates for 1970
to 1990. (Note that classification of a tract as meeting the urban density threshold is not
the same as classifying the tract as part of the urban area, as the latter requires
contiguity with the main urban area, and some tracts not meeting the urban density
threshold can be included within the urban area.) Because a very high percentage of all
tracts are classified as at least exurban during this period, the exurban classification is
not considered.
The analysis starts with the tracts that have not had boundary changes from 1970 to
2000. The first step is the comparison of the mean housing unit densities calculated
from the actual counts from the Neighborhood Change Database and from the
estimates from the 2000 year-built data:
Year

Mean Housing Unit Densities
Neighborhood Change
Database Data

Year-built Data

1990

6,117

6,053

1980

6,099

5,742

1970

6,177

5,207

Mean densities are stable for the Neighborhood Change Database counts. They are
lower and drop off significantly for the values estimated from the year-built data. This
shows the effect of loss of stock on estimated densities.
These are the percentages of the tracts classified as urban, with a density greater than
213.33 housing units per square mile that is used as the minimum density threshold in
the Urban Patterns dataset:
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Year

Percent Tracts Classified as Urban
Neighborhood Change
Database Data

Year-built Data

1990

92.8

92.5

1980

92.1

90.6

1970

91.1

90.2

The differences are very small, and most tracts exceeded the urban threshold.
Now, the percentage of tracts that are misclassified using the 2000 year-built data as
compared with the Neighborhood Change Database data:
Year

Percent Urban Tracts
Misclassified as Not
Urban

Percent Not Urban
Tracts Misclassified
as Urban

1990

0.6

3.3

1980

0.8

2.4

1970

1.3

2.9

The percentage of urban tracts misclassified was very low, increasing from about a half
a percent in 1990 to slightly over 1 percent in 1970. The percentage of tracts not urban
misclassified ranged from over 2 percent to slightly over 3 percent.
This is encouraging, in that a very small percentage of the tracts would have been
misclassified using the year-built data. However, since most of the unchanged tracts are
urban and have higher densities, not much classification error should have been
expected, especially error in misclassifying urban tracts as not urban.
Restricting the analysis to the unchanged tracts excludes the effects of errors
introduced by the Neighborhood Change Database estimation. However, a very high
percentage of the unchanged tracts are urban, reducing the variability available for
examining classification error. And the changed tracts are very different from the
unchanged tracts, as will be seen in doing the comparisons.
These are the mean densities for the unchanged and changed tracts for the original
Neighborhood Change Database data:
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Year

Mean Housing Unit Densities
Unchanged Tracts

Changed Tracts

1990

6,117

1,870

1980

6,099

1,656

1970

6,177

1,370

The tracts with boundary changes, which are predominantly in areas with increasing
numbers of housing units, have much lower densities than the tracts without changes in
boundaries. And unlike the unchanged tracts, with relatively stable mean densities over
time, the mean densities in the changed tracts increased significantly from 1970 to
1990, showing the growth that had occurred in these areas.
And here are the percentages of tracts having urban densities in the original data:
Year

Percent Tracts Classified as Urban
Unchanged Tracts

Changed Tracts

1990

92.8

80.1

1980

92.1

74.3

1970

91.1

62.1

A high and basically unchanging percentage were urban for the unchanged tracts, while
a lower percentage were urban for the tracts with boundary changes and this
percentage decreased going back in time.
Next is a repeat of the analysis done previously for the unchanged tracts but now using
the tracts with boundary changes. These are the mean densities from the original
Neighborhood Change Database values and from the 2000 year-built estimates:
Year

Mean Housing Unit Densities for Changed
Tracts
Neighborhood Change
Database Data

Year-built Data

1990

1,870

1,790

1980

1,656

1,522

1970

1,370

1,166
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As expected, the year-built densities are lower, but not by very large amounts.
Differences increase somewhat going back in time, especially by 1970. The differences
are not as great as for the unchanged tracts, but those densities were much higher.
Next looking at percentages classified as urban:
Year

Percent Tracts Classified as Urban
Neighborhood Change
Database Data

Year-built Data

1990

80.1

79.3

1980

74.3

71.7

1970

62.1

58.9

Again, the percentages are lower for the year-built data. The differences are not great,
but they increase going back in time. These differences are greater than for the
unchanged tracts, but the densities of the unchanged tracts were on average much
higher.
Once more, the percentage of tracts that are misclassified with the year-built data:
Year

Percent Urban Tracts
Misclassified as Not
Urban

Percent Not Urban
Tracts Misclassified
as Urban

1990

1.6

2.0

1980

4.5

2.2

1970

8.4

5.4

Now we have around 2 percent misclassified in 1990, but this increases to the 5 to 8
percent range for 1970.
Comparing the misclassifications for the changed tracts with the tracts where the
boundaries where not changed, these are the total percentages of tracts misclassified
(urban to not urban and not urban to urban):
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Year

Total Percent of Tracts Misclassified
Unchanged Tracts

Changed Tracts

1990

0.8

1.7

1980

0.9

4.0

1970

1.4

7.3

So the percentages of tracts with misclassifications is significantly greater for the
changed tracts in the earlier years.
But the changed tracts had many more nonurban tracts and hence many more tracts
near the urban/nonurban threshold that could be misclassified. So it is not surprising
that much higher percentages of the changed tracts were misclassified. A more relevant
comparison between the unchanged and changed tracts might be the percentages of
the nonurban tracts that are misclassified using the 2000 year-built estimates. These
results are summarized in this table:
Year

Percent of Not Urban Tracts Misclassified as
Urban
Unchanged Tracts

Changed Tracts

1990

3.3

2.0

1980

2.4

2.2

1970

2.9

5.4

Now the differences between the unchanged and changed tracts are more ambiguous.
The classification is actually a fair bit better for the changed tracts for 1990, slightly
worse for 1980, and substantially worse for 1970.
Overall, we see error of several percent in the classification of the nonurban tracts using
the 2000 year-built data, but the differences are not great and the year-built data can be
seen as providing reasonably accurate classification. In practice, the differences will be
even less, as some of the tracts incorrectly classified as urban will be noncontiguous to
the main urban area and some of the tracts incorrectly classified as not urban will be
surrounded by urban tracts, so in these cases the delineation of the areas will not be
affected.
Conclusions
Values for census tract housing unit counts for earlier census years calculated from
year-built data provide reasonable estimates of the numbers of housing units for those
census tracts, especially going 1 or 2 decades back from the year-built data. By the time
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estimates are being made 30 years earlier, the error increases substantially. Therefore,
in using the Urban Patterns dataset, results for 1940 should be interpreted with caution.
Because of the increases in the error for such year-built estimates with the length of
time before the date of the year-built data, the use of the estimates made for 1940
through 1960 from the 1970 year-built data from the Neighborhood Change Database
are superior to estimates made from 2000 year-built data.
From the various comparisons, it can also be roughly inferred that the error associated
with the estimation of values from earlier census year for year 2000 tract boundaries in
the Neighborhood Change Dataset are likely smaller than the error associated with the
use of the year-built data to estimate housing unit counts for earlier years.
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Postscript—May 2016
Analysis of the Urban Patterns data to examine urban densities and density change and
the performance of the negative exponential monocentric model has regularly shown
inconsistencies for 1940. This suggests that the increased error associated with the
year-built estimates going back this far are likely making the data for that year
unreliable. As a result, analyses are being done using data starting with 1950.
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