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Abstract: Estimated population is one of the most widely used products of demographic analyses. Population estimates 
are difficult to complete with accuracy for small areas because small areas can grow or decline rapidly, can change direc-
tions from growth to decline or from decline to growth, or undergo substantial changes in age, sex, race/ethnicity and 
other demographic characteristics. As a result, it is essential any ongoing program of population estimation periodically 
evaluate the results of past estimates against actual census counts for the target population. Only by assessing the accuracy 
of past efforts, is it possible to know the nature of errors made and to take steps to improve future estimates. In this paper I 
present the results of the evaluation of the 1990 population estimates produced by Component Method II, Ratio-
correlation, and Housing Unit Method compared to the 1990 Census counts for 254 counties and 1,210 places in Texas.  

Three error measures are used to assess the accuracy of population estimates of Texas for 1990. They are the Mean Alge-
braic Percent Error (MALPE), the Mean Absolute Percent Error (MAPE), and the Mean Percent Absolute Difference 
(MPAD). The evaluation of population estimates presented here suggests that the estimates are generally adequate and 
show levels of error that, when compared to the 1990 Census counts, are within generally accepted ranges. They also 
show the expected patterns by population size and population change. Of the several methods tested, no single one pro-
duced more accurate estimates than the average of two or three methods. The assessment of the accuracy of the place-
level estimates show substantially higher levels of errors than those found for counties. 
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I. INTRODUCTION 

Population estimates and projections are among the most 
widely used products of demographic analyses [1-5]. Popula-
tion estimates for the state, counties, and places are essential 
for planning different types of services, such as health care, 
schools, highways, water, and sewer. Planning for health 
services requires accurate information on the number of per-
sons by age (for services targeting children or elderly), sex, 
marital status, distribution in different areas, and place of 
residence. Population estimates provide a basis for allocation 
of resources between areas in relation to population size. The 
federal government uses the Census Bureau’s national and 
subnational population estimates in calculating the distribu-
tion of many billions of dollars in the form of block grants 
each year to states and jurisdictions within them. Some state 
governments use State Data Center (SDC) population esti-
mates to administer the state revenue sharing program. For 
example, the State of Florida uses it’s population estimates 
to distribute more than $1.5 billion each year to local gov-
ernments [6]. Population estimates are also necessary to pro-
vide denominators to compute many types of rates and ra-
tios, such as birth rates, death rates, labor force partici-  
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pation rates, school enrollment rates, dependency ratios, and 
sex ratios in non-census years. Population estimates play an 
important role in market analysis, public facility and envi-
ronmental planning, and form a major basis for determining 
the present and future markets for a variety of goods, serv-
ices, and other aspects of private-sector planning and market-
ing efforts [4]. They are often critical elements in the analy-
ses leading to decisions of whether or not to build a new 
school, fire station, library, hospital, a shopping mall, or 
highway [7]. Thus, population estimates make an important 
contribution to the activities of governments, organizations, 
and businesses in non-census years. Intercensal estimates 
provide data for years between two existing censuses, such 
as 1980 and 1990, while postcensal estimates provide data 
for years since the last census [8]. 

Census data are normally used for reapportionment pur-
poses. However, for some cases when census data were ob-
solete, estimated population figures were used for reappor-
tionment. For example, in 1988 intercensal population esti-
mates were used for redistricting Palm Beach County, Flor-
ida and in 1991 Los Angeles County, California, used popu-
lation estimates for redistricting purposes (for detailed dis-
cussion, see [9] and [10]). 

Population estimates are difficult to complete with accu-
racy for small areas because small areas can grow or decline 
rapidly, or may even undergo substantial changes in age, sex, 
and race/ethnicity, and other demographic characteristics. 
All these factors increase the difficulty for making accurate 
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estimates. As a result, it is essential that any ongoing pro-
gram of population estimation periodically evaluate the re-
sults of past estimation against actual census counts of the 
population [3-5]. Only by assessing the accuracy of past ef-
forts is it possible to know the nature of errors made and to 
take steps to improve future estimates.  

II. BACKGROUND 

Texas is one of the few states that have produced popula-
tion estimates for counties and places since the mid-1980s. 
The Texas Population Estimates and Projections Program’s 
population estimates for counties were calculated using an 
average of Component Method II and Ratio-correlation 
Method and for places using the Component Method II only. 
For this paper, population estimates for counties were calcu-
lated using the Component Method II, the Ratio-correlation 
Method, and the Housing Unit Method separately as well as 
estimates calculated using an average of the three methods. 
Population estimates for places were calculated using the 
Component Method II and the Housing Unit Method sepa-
rately as well as an average of two methods and were evalu-
ated against the actual 2000 census counts. Due to space 
limitation, estimated population produced by different meth-
ods for counties and places are not given here but are avail-
able from the author upon request. This paper will also rec-
ognize the basic principles of population estimates which are 
discussed following the section on specific methods. In addi-
tion, it is important to understand the changes in Texas popu-
lation during the 1980s’ since the 1990 estimates, I am 
evaluating were based on the 1980 Census Count. 

III. ESTIMATING METHODS 

In this paper I evaluate the 1990 population estimates 
produced by Component Method II, Ratio-correlation 
Method and Housing Unit Methods to the 1990 Census 
counts for counties and places in Texas. First I would like to 
give a brief description of each of these three methods then I 
will talk about the evaluation procedure and results of the 
analysis. 

III.A. Component Method II 

Component Method II depends on the use of three char-
acteristics of population that directly determine population 
change: births, deaths and net migration. Thus, for any pe-
riod, the population can be determined using the following 
equation: 

Pt = Po + B - D + NM 
where:  Pt = population for the estimate period 
   Po = population at the base period 
   B = births between Pt and Po 

   D = deaths between Pt and Po 

   NM = net migration between Pt and Po 
A population estimate is developed with Component 

Method II by updating the base population as enumerated in 
the most recent census, by adding to it the natural increase 
(births minus deaths) that occurred between the census and 
the estimate date, and estimating the amount of net migration 
in the area [11]. Component Method II typically takes direct 
account of natural increase through actual data on births and 
deaths while using symptomatic data for assessing net migra-
tion. Component Method II assumes that the rate of migra-
tion of school-age population can be used to assess the mi-
gration rate for the population 64 years of age and younger 
and that Medicare data can be used to estimate the migration 
rate for the population 65 years of age and older. There is 
some variation in terms of school-age population. Some pre-
fer to use the elementary school enrollment for grades 1 to 8, 
while others prefer to use the elementary school enrollment 
for grades 2 to 8. The Texas State Data Center’s Population 
Estimates Program uses the elementary school enrollment 
for grades 1 to 8 (both public and private schools).  

Component Method II provides reliable results at the 
county level assuming that actual birth and death data are 
available at the county level. However, it is difficult to ob-
tain birth and death data at the place level (particularly small 
places). It is also difficult to collect private school enroll-
ment for grades 1 to 8. Another concern is the implicit as-
sumption that migration patterns of the elementary school-
age population may be generalized for the population age 64 
and under. 

III.B. Ratio-correlation Method 

The Ratio-correlation Method is a multiple regression-
based technique which compares change in one areal unit to 
change occurring in a parent area. Such estimates are devel-
oped using the following multiple regression equation: 

Y = βo + β1X1 + β2X2 + ...... βnXn + e 
where: Y = the dependent variable to be estimated 

(e.g., population) 
   βo = the intercept to be estimated 
   βi = the coefficient to be estimated 

Xi = independent variables, such as births, 
deaths, voter registration, etc. 

   e = error term 
The dependent and independent variables are expressed 

in the form of a ratio. For example, to obtain the estimate of 
population for a county in 1991, where the state population 
is known, the following equation could be applied: 
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In the equation above, all of the indicator values are 
known except county population. In order to obtain the inter-
cept and coefficients to use in solving the equation, estimates 
of the values must be obtained. This is done by solving the 
equation for past periods for which all the values are known. 
For example, the coefficients obtained by solving the equa-
tion for the past periods (e.g., 1980-1990) can be used in the 
above formula for a 1991 estimate. Thus, 1980-1990 inter-
cept and coefficients can be obtained by solving the equation 
for 1980-1990 period such as: 

The dependent variables used in the Ratio-correlation 
Method for population estimates for counties in Texas are 
births, deaths, school enrollment, voter registration, and ve-
hicle registration.  

III.C. Housing Unit Method 

The Housing Unit Method is regarded as one of the most 
reliable methods for making population estimates for small 
areas and is one of the easiest to apply [12]. The Census Bu-
reau uses the Housing Unit Method for population estimates 
for places [13], and some state agencies including ones in 
Florida and Texas use it for population estimations. The 
logic of the Housing Unit Method is that every one lives in 
some type of household [6]. The Housing Unit Method pro-
duces population estimates by taking into account the num-
ber of occupied housing units times the average number of 
persons per household. In terms of an equation it can be ex-
pressed as: 

Pt = (OHUt x PPHt)+ GQt 

where:  Pt = total population at time of estimate 
   OHUt = occupied housing units on the estimate date 
   PPHt = household size or population per household 

on the estimates date 
   GQt = the group quarters population at the time of es-

timate 
Each of the components of the Housing Unit Method can 

be estimated using a variety of data sources, such as building 
permits and demolition data, or utility data based on active 
residential electric utility meters (for a detailed discussion, 
see [12]). The form of Housing Unit Method used in Texas’ 
population estimate is: 

Pt = (OHUt + BPt – DU t -VUt ) x PPHt + GQt 

where: Pt = total population at time of estimate 
OHUt = occupied housing units counted in the most 
recent census (by type, e.g. single family, multifam-
ily, mobile home) 

BPt= building permits issued by type between the 
most recent census and the time of estimate (adjusted 
for time lag) 
DUt = units reported demolished by type between the 
most recent census and the time of estimate 
VUt = Vacant units reported by type at the time of es-
timate 
PPHt = household size or population per household 
on the estimate date 

Building permit data can be obtained from the U.S. De-
partment of Commerce, which collects the data directly from 
counties and cities throughout the United States. The Texas 
State Data Center also collects residential building permit 
data, from the counties and cities in Texas. In addition, the 
Texas State Data Center collects data on vacancy rates and 
mobile homes, since the U.S. Department of Commerce does 
not collects data for either. 

There are some problems associated with using building 
permit data for the Housing Unit Method. Some counties and 
places neither issue building permits nor provide data to the 
U.S. Department of Commerce or Texas State Data Center 
(in 2005, 13 counties did not provide building permit data to 
the U.S. Department of Commerce and the Texas State Data 
Center). The U.S. Department of Commerce no longer col-
lects data on demolition permits. Finally, most of the coun-
ties and places do not provide data on vacancy rates to the 
Texas State Data Center. 

Other potential sources of housing unit data are problem-
atic as well. Since utility data or other residence information 
is not collected by any control source in Texas, these data 
would be expensive to acquire and verify. 

IV. PRINCIPLES OF POPULATION ESTIMATION 
AND PROJECTION 

The history of population estimates and projections sug-
gests certain basic findings from past analyses that merit 
recognition in an evaluation of any estimation or projection. 
These basic findings or principles, as outlined by [4, 11, 14, 
15, and 16] show that no single method has been found to 
consistently produce more accurate estimates and projections 
than any other method, and that population estimates and 
projections are generally more accurate: 

1. For geographic areas with larger populations than for 
those with smaller populations. For example, popula-
tion estimates tend to be more accurate for an entire 
country or state rather than for subareas within the 
country or state. Data from larger areas are generally 
reliable compare with smaller areas. Natural disasters 
in local areas may have a major impact on the popula-
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tion in the immediate area but will have virtually no 
impact on the national population. For example, the 
city of Galveston in Texas lost most of its population 
due to Hurricane Ike but the State of Texas was not 
impacted because the dispersed populations were ab-
sorbed by neighboring cities in Texas. Likewise, the 
city of New Orleans lost most of its population im-
mediately following Hurricane Katrina and the State 
of Louisiana was impacted to some extent but the na-
tional (U.S.) population was not influenced. All of the 
dispersed populations were absorbed by the neighbor-
ing states. Similarly, a military base closing would 
have almost no impact on the population at a state or 
national level but it would definitely reduce the popu-
lation of a small county or place significantly. Like-
wise, a newly established industrial base may increase 
the population significantly for a small county or 
place but not for the population at state or national 
level.  

2. For total populations rather than for population sub-
groups because estimates of such characteristics in-
volve additional assumptions that may prove to be in 
error. Population estimates that bear a greater level of 
detail such as age, sex, race and ethnicity thus pro-
duce greater levels of error. 

3. For short rather than long periods of time past the ref-
erence date for the base data used in the estimates (i.e. 
last census.) Population estimates that bear a longer 
duration between the base population and the estima-
tion date, may result in a greater degree of error. For 
example, estimates for 1991 may be more accurate 
than estimates for 1998 or 1999, based on 1990 Cen-
sus population. 

4. For areas that show consistency in the direction of 
population change during the estimation period com-
pared to the period from which the base data are de-
rived. If the direction change varies from growth to 
decline or from decline to growth then accurate esti-
mates of the population are difficult. 

5. For areas that experience slow rather than rapid 
change. A period of dramatic population change 
(growth or decline) makes population estimates more 
difficult. 

6. If completed with data that directly determine popula-
tion change (such as data on births, deaths, and mi-
gration) rather than with data that employ indirect or 
symptomatic indicators of population change (such as 
voter registration, vehicle registration, and school en-
rollment). 

7. No single method of population estimation will al-
ways be the best choice. The average of methods may 
be employed as a basis for improving the accuracy of 
population estimates. Using multiple techniques will 
provide a means of checking the validity of the esti-
mates since similar results obtained from a variety of 
different methods tend to suggest the overall accuracy 
of the result.  

In sum, an estimate is likely to be most accurate if it is 
based on direct birth, death, and migration data and is for the 

total population of a large area showing slow change that is 
in the same direction and form as the change in the recent 
past. In general, the greater an area’s departure from these 
conditions, the greater the error in estimates. 

V. POPULATION CHANGE IN TEXAS IN THE 1980s 

Texas population has undergone dramatic change in the 
last 30 years. After rapid population growth during the 1970s 
and early 1980s, the rate of population growth fell to its low-
est level during the mid-1980s before beginning to show 
patterns of renewed growth during the late 1980s and the 
1990s. Such a dramatic pattern of change in population 
trends make it difficult to accurately estimate the population. 
The population of Texas increased from 14,229,191 in 1980 
to 16,986,510 in 1990. This was an increase of 2,757,319 
persons or 19.4 percent. Only California and Florida had 
larger numerical increases than Texas, 6,092,119 and 
3,191,602, respectively. However, the growth was not the 
same everywhere in the Texas. During the 1970s, 44 (17.3 
percent) of the state’s 254 counties and only 20 percent of 
the 1,279 places lost population. During 1980s, 98 (38.6 per-
cent) of the 254 counties and 557 (46.1 percent) of the 1,208 
places lost population. 

Overall, during the 1980s the State of Texas and its com-
ponent areas showed not only extensive population growth 
but also dramatic changes in rates of growth from 3.5 per-
cent per year in the early 1980s to 0.5 percent per year dur-
ing the later part of the decade. The patterns of population 
change in many counties and places changed from growth to 
decline or from decline to growth during the 1980s. These 
changes make accurate estimates of the population for the 
state and for counties and places within Texas very challeng-
ing.  
VI. METHODS FOR EVALUATION 

Given the patterns and principles noted above, several 
widely used procedures were selected to evaluate the popula-
tion estimates for Texas [3,7]. These methods generally rely 
on comparisons of values of error measures for the estimates 
being evaluated relative to expected patterns and relative to 
those for estimates from other sources. The estimates were 
evaluated relative to the expected patterns of increased rates 
of error with decreased population size and increased rates of 
error with increased rates of population change. They were 
also evaluated relative to their tendency to underestimate or 
overestimate the population of different types of areas. 
Comparison of estimates to those from other sources assists 
in identifying which factors may be impacting the accuracy 
of estimates, because the assumptions can be compared to 
those used by other sources. Such a comparison often helps 
to determine which of the assumptions are increasing or de-
creasing the accuracy of the estimates.  

Several error measures are used to assess the accuracy of 
estimates. The error of an estimate is determined by subtract-
ing the estimated population value for an area from the cen-
sus count (for purposes of this paper, the 1990 census count) 
and dividing the difference by the census count. This propor-
tion is then multiplied by 100 to produce a percentage rate of 
error.  

Three error measures are commonly used in such as-
sessments. The formulas for these measures are shown in 
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Fig. (1). They include the Mean Algebraic Percent Error 
(MALPE), the Mean Absolute Percent Error (MAPE), and 
the Mean Percent Absolute Difference (MPAD). This later 
measure is also referred to as the weighted mean absolute 
percent error. The Mean Algebraic Percent Error (MALPE) 
is also known as Mean Percent Error (MPE).  

The Mean Algebraic Percent Error (MALPE) is simply 
the arithmetic average of the percent errors for each area 
(county, place, etc.). This value is useful, but because posi-
tive and negative values cancel out one another in computa-
tion, it may provide somewhat misleading estimates of error. 
For example, if the populations of one area were to be un-
derestimated by 50 percent and the populations of the second 
area were to be overestimated by 50 percent, the MALPE 
would be 0.0 percent, suggesting that the estimates were 
perfect when in fact the two component estimates were quite 
inaccurate. 

The Mean Absolute Percent Error (MAPE) is the mean of 
the absolute values of the errors, that is, ignoring the sign of 
the value. Given that the magnitude, rather than direction of 
the error is usually the major concern, the MAPE provides a 
more useful overall estimate of total error and is the most 
widely used measure of error in evaluations of population 
estimates and projections. Both MALPE and MAPE, how-
ever, share a common weakness, in that errors for all places 
contribute equally to the overall error rate computed. Sup-
pose the estimate for an area with 1 million people fell 
within two percent of the actual count, and the estimate for 
an area of 100 people fell within 18 percent. The MAPE for 
the two areas would be 10 percent (2 plus 18 divided by 2), 
although the estimate for the area with most of the popula-
tion was quite good. The problem is that neither MALPE nor 
MAPE take the size of the areas in the computation into ac-
count. 

The Mean Percent Absolute Difference (MPAD) or 
weighted mean absolute percent takes the size of areas into 
account by weighting the values of areas proportionally to 

their size (population size of the area as a proportion of the 
sum of the populations of all the areas of interest). The 
MPAD is thus also widely used in evaluations of population 
estimates and projections. 

For this paper, the values of these three error measures 
are presented for each type of area (i.e., counties and/or 
places), for the areas grouped by population size in 1990 and 
for rates of population change from 1980 to 1990. Data are 
also shown for the number of overestimated and underesti-
mated areas to indicate the extent to which the estimates tend 
to be biased either upward or downward. The number of 
areas estimated within certain ranges of error is provided to 
indicate how many areas are estimated within specified lev-
els of error. Finally, the errors in the estimates are compared 
to those from other sources. 

VII. RESULTS 

1990 population estimates produced by Component 
Method II, Ratio-correlation Method, and Housing Unit 
Method are evaluated against the 1990 actual census count. 
The results of the evaluation of these population estimates 
are presented first for counties and then for places by each 
individual method and for an average of combined methods. 

VII. A. The Results of the Evaluation of County-Level 
Estimates 

Table 1 presents the three error measures for different es-
timation methods for counties in Texas. The results in this 
table show an overall Mean Algebraic Percent Error of -1.27 
percent, a Mean Absolute Percent Error of 6.50 percent, and 
a Mean Percent Absolute Difference of 3.65 for Component 
Method II (Table 1, Panel I). The MALPE, MAPE, and 
MPAD for counties with populations less than 1,000 are 
2.98, 19.85, and 13.99, respectively. The highest MALPE, 
MAPE, and MPAD are for counties with population less 
than 2,500. There are 23 counties in Texas with population 
less than 2,500. The lowest MALPE is for counties with popu- 

Fig. (1). Error Measures Used to Evaluate the Population Estimates Produced by Component Method II, Ratio-correlation and Housing Unit 
Methods. 
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Table 1. Mean Algebraic Percent Error (MALPE), Mean Absolute Percent Error (MAPE), and Mean Percent Absolute Difference 
(MPAD) between 1990 Census Counts and Estimated Population Produced by Component Method II, Ratio-correlation, 
and Housing Unit Methods for Counties in Texas 

Method 
Population Size 

1990 

Number of 

Counties 
MALPE MAPE MPAD 

Panel I:  Component Method II 

< 1,000 5 2.98 19.85 13.99 

1,000- 2,499 18 4.27 13.37 14.41 

2,500- 4,999 29 -6.81 8.54 8.16 

5,000- 9,999 43 -1.00 6.36 6.46 

10,000-24,999 70 -2.54 5.54 5.52 

25,000-49,999 38 0.35 4.82 4.64 

50,000-99,999 23 1.18 4.14 4.05 

100,000+ 28 -1.28 4.43 3.18 

 

All Counties 254 -1.27 6.50 3.65 

Panel II:  Ratio-correlation Method 

< 1,000 5 -1.81 17.74 10.72 

1,000- 2,499 18 -1.35 4.70 4.65 

2,500- 4,999 29 -4.59 7.28 6.95 

5,000- 9,999 43 -2.01 4.05 4.02 

10,000-24,999 70 -1.03 5.36 5.20 

25,000-49,999 38 -0.59 3.15 3.25 

50,000-99,999 23 1.47 3.51 3.40 

100,000+ 28 -0.16 2.92 2.08 

 

All Counties 254 -1.25 4.79 2.50 

Panel III:  Housing Unit Method* 

1,000- 2,499 6 14.60 14.60 13.49 

2,500- 4,999 21 10.41 14.47 13.81 

5,000- 9,999 40 7.24 12.83 12.24 

10,000-24,999 65 -0.16 7.62 7.36 

25,000-49,999 38 -6.39 9.77 9.84 

50,000-99,999 23 -6.51 10.86 10.87 

100,000+ 28 -1.95 9.26 7.77 

 

All Counties 221 0.63 10.32 8.31 

* For counties for which housing data were not available to implement the Housing Unit Method only the Component Method II estimate was employed. 
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Table 1. contd…. 

Method 
Population Size 

1990 

Number of 

Counties 
MALPE MAPE MPAD 

Panel IV:  Average of Component Method II, Ratio-correlation, and Housing Unit Methods* 

< 1,000 5 -1.93 15.97 9.89 

1,000- 2,499 18 2.44 7.68 7.88 

2,500- 4,999 29 1.54 8.73 8.31 

5,000- 9,999 43 4.27 7.48 7.25 

10,000-24,999 70 0.37 5.00 4.97 

25,000-49,999 38 -1.78 4.75 4.82 

50,000-99,999 23 -1.88 5.06 5.09 

100,000+ 28 -0.58 4.86 4.22 

 

All Counties 254 0.64 6.21 4.49 
 
*   For counties of <1,000 for which housing data were not available to implement the Housing Unit Method, only the Component Method II estimate was employed. 
 
ulation greater than 25,000 and less than 50,000. There are 
38 counties in this category. The lowest MPAD (3.18 per-
cent) is for counties with a population 100,000 or more. 
There are 28 counties in this category. Overall smallest 
counties have the highest MALPE, MAPE, and MPAD com-
pared with largest counties. 

For the Ratio-correlation Method, the overall Mean Al-
gebraic Percent Error is -1.25, and Mean Absolute Percent 
Error is 4.79, and the Mean Percent Absolute Difference is 
2.50 (Table 1, Panel II). The MALPE, MAPE and MPAD for 
counties with population less than 1,000 are -1.81, 17.74, 
and 10.72, respectively. The MALPE, MAPE, and MPAD 
for counties with population more than 1,000 and less than 
2,500 are -1.35, 4.70, and 4.65, respectively. The lowest 
MALPE, MAPE, and MPAD are for counties with popula-
tion of 100,000 or more and are -0.16, 2.92, and 2.05, re-
spectively.  

For the Housing Unit Method, the overall Mean Alge-
braic Percent Error is 0.63, the Mean Percent Absolute Error 
is 10.32, and the Mean Percent Absolute Difference is 8.31 
(Table 1, Panel III). The highest MALPE, MAPE and 
MPAD, 14.60, 14.60, and 13.49 respectively, are for coun-
ties with population more than 1,000 and less than 2,500. 
The MALPE, MAPE, and MPAD for counties with popula-
tion more than 2,500 and less than 5,000 are 10.41, 14.47, 
and 13.81, respectively. The lowest MALPE, MAPE, and 
MPAD are for counties with population more than 10,000 
and less than 25,000 are -0.16, 7.62, and 7.36, respectively. 

Averaging the Component Method II, Ratio-correlation 
Method, and Housing Unit Method produced an overall 
Mean Algebraic Percent Error of 0.64, a Mean Percent Abso-
lute Error of 6.21 percent, and a Mean Percent Absolute Dif-
ference of 4.49 percent (Table 1, Panel IV). The MALPE, 
MAPE, and MPAD for counties with population less than 

1,000 are -1.93, 15.97, and 9.89, respectively. The MALPE, 
MAPE, and MPAD are higher for small size counties com-
pared with the large size counties. In general, the data in 
Table 1 suggest the expected patterns, with error measures 
being larger for counties with smaller population and smaller 
for counties with larger populations. The data in Table 1 also 
suggests that using the average of the three methods is supe-
rior to the use of any single method of estimation. 

Table 2 presents the same error measures by the rate of 
population change from 1980 to 1990. Panel I presents error 
measures for Component Method II, Panel II presents error 
measures for the Ratio-correlation Method, Panel III presents 
error measures for Housing Unit Method, and Panel IV pre-
sents error measures for the average of all three methods. As 
can be seen from Table 2, MALPE, MAPE, and MPAD was 
largest for counties with declining population of 10.0 percent 
or more and also for fastest growing counties with growth 
rate of 40.0 percent or more for Housing Unit Method. There 
were 39 counties with a decline rate of 10.0 percent or more 
and 16 counties with a growth rate of 40.0 percent or more. 
The error measures are smaller for moderate growing coun-
ties (Table 2). The average of three methods produced simi-
lar type of result. Overall, Table 2 suggests that Component 
Method II and Rati-correlation Method produced better es-
timates compared with Housing Unit Method for Counties in 
Texas. 

The ranges of error for the estimates are presented in  
Table 3. The data in Table 3 also provide general support for 
the relative accuracy of the methods. Compared with the 
actual 1990 Census counts, 52.0 percent of all county esti-
mates produced by Component Method II are within the 5 
percent of error range. Another 28.3 percent are in the rage 
of 5.1 percent to 10.0 percent. The estimates produced by the 
Ratio-correlation Method, 68.5 percent are within 5 percent  
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Table 2. Mean Algebraic Percent Error (MALPE), Mean Absolute Percent Error (MAPE), and Mean Percent Absolute Difference 
(MPAD) between 1990 Census Counts and Estimated Population Produced by Component Method II, Ratio-correlation, 
and Housing Unit Methods for Counties in Texas by Percent Population Change, 1980-1990 

Method 

Percent 
Population 

Change, 
1980-1990 

Number of 
Counties 

MALPE MAPE MPAD 

Panel I:  Component Method II 

<-10.0 39 0.57 7.69 6.11 

-10.1 - 0.0 59 -0.67 6.98 4.11 

0.1 - 10.0 67 -2.98 5.41 3.95 

10.1 - 20.0 39 -2.26 6.53 2.34 

20.1 - 30.0 18 0.08 5.21 5.36 

30.1 - 40.0 16 -2.02 7.48 3.15 

40.1 - 50.0 8 2.59 3.75 3.00 

 

50.1+ 8 -0.88 9.89 10.36 

Panel II:  Ratio-correlation Method 

<-10.0 39 1.32 4.19 3.03 

-10.1 - 0.0 59 0.21 4.54 3.72 

0.1 - 10.0 67 -3.00 5.08 3.08 

10.1 - 20.0 39 -1.40 4.96 1.81 

20.1 - 30.0 18 -3.24 4.85 2.41 

30.1 - 40.0 16 -2.36 6.15 3.15 

40.1 - 50.0 8 -2.06 4.19 3.17 

 

50.1+ 8 -1.79 3.96 4.02 

Panel III:  Housing Unit Method 

<-10.0 39 20.42 20.98 21.62 

-10.1 - 0.0 59 10.61 11.27 12.94 

0.1 - 10.0 67 2.12 4.18 6.29 

10.1 - 20.0 39 -3.66 6.83 7.13 

20.1 - 30.0 18 -9.25 9.88 3.96 

30.1 - 40.0 16 -12.84 13.57 6.63 

40.1 - 50.0 8 -20.43 20.43 21.11 

 

50.1+ 8 -22.99 22.99 20.82 

Panel IV:  Average of Component Method II, Ratio-correlation, and Housing Unit Methods* 

<-10.0 39 10.46 11.02 10.86 

-10.1 - 0.0 59 4.86 5.55 6.63 

0.1 - 10.0 67 -0.49 3.19 3.47 

10.1 - 20.0 39 -2.79 5.10 3.66 

20.1 - 30.0 18 -5.33 5.76 2.59 

30.1 - 40.0 16 -7.67 8.14 3.24 

40.1 - 50.0 8 -10.14 10.14 10.31 

 

50.1+ 8 -11.45 11.45 11.78  
*  For counties for which housing data were not available to implement the Housing Unit Method only the Component Method II estimate was employed. 
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Table 3. Range of Percent Error for Differences Between1990 Census Counts and Estimated Population Produced by Component 
Method II, Ratio-correlation, and Housing Unit Methods 

 
Component 

Method II 

Ration- 
Correlation 

Method 

Housing 
Unit Method 

Average of 
CM II, RCM, & 

HU Methods 

Range Number Percent Number Percent Number Percent Number Percent 

0.0- 5.0 132 52.0 174 68.5 86 33.9 135 53.1 

5.1-10.0 72 28.3 60 23.6 59 23.2 73 28.7 

10.1-15.0 31 12.2 11 4.3 38 15.0 27 10.6 

15.1-20.0 13 5.1 5 2.0 31 12.2 13 5.1 

20.1-25.0 1 0.4 2 0.8 20 7.9 4 1.6 

25.1-30.0 2 0.8 0 0.0 7 2.8 1 0.4 

30.1+ 3 1.2 2 0.8 13 5.1 1 0.4 
 
Table 4. Number of Counties, Percent of Counties, Mean Algebraic Percent Error (MALPE) and Mean Percent Absolute Difference 

(MPAD) for Counties with Estimates Above and Below the 1990 Census Counts 

Component 
Method II 

Ration- 
Correlation 

Method 

Housing 
Unit Method 

Average of 
CM II, RCM, & 

HU Methods  

Below Above Below Above Below Above Below Above 

Number* 162 92 152 102 95 158 110 143 

Percent 63.78 36.22 59.84 40.16 37.55 62.45 43.48 56.52 

MALPE -6.09 7.22 5.05 2.72 -10.89 10.99 -6.43 6.08 

MPAD 3.30 4.09 4.40 2.45 8.43 8.66 4.38 4.61 

* One county’s 1990 population was exactly estimated by the base estimates and so is not included in the comparisons shown here. 
 
error range and 23.6 percent are with the range of 5.1 to 10.0 
percent. For the estimates produced by Housing Unit 
Method, 33.9 percent are within the range of 5 percent and 
23.2 percent are with the rage of 5.1 to 10.0. Using the aver-
age of three methods (Component Method II, Ratio-
correlation Method, and Housing Unit Method), 53.1 percent 
of all counties are being estimated within 5 percent of actual 
counts and 28.7 percent within the range of 5.1 to 10.0. 
Overall, only 6 of the 254 counties have a 20 percent or 
more error from the actual 1990 Census counts.  

The result in Table 4 shows that the Component Method 
II and the Ratio-correlation Method tend to be biased down-
ward with 63.78 and 59.84 percent of the counties, respec-
tively being underestimated while the Housing Unit Method 
produced estimates that tended to overestimate the popula-
tion of the counties with 62.45 percent of the counties being 
overestimated. An average of the three methods produced 
estimates that tended to overestimate the population of the 
counties with 43.48 percent of the counties being underesti-
mated and 56.52 percent being overestimated. 

VII.B. The Results of the Evaluation of Place-Level Esti-
mates 

Table 5 presents error measures for place estimates for 
Component Method II, Housing Unit Method, and the aver-

age of Component Method II and the Housing Unit Method. 
For the Component Method II, the overall Mean Algebraic 
Percent Error was 9.10, the Mean Percent Absolute Error 
was 19.79, and the Mean Percent Absolute Difference was 
10.81 (Table 5, Panel I). 

For the Housing Unit Method the overall Mean Algebraic 
Percent Error was 7.83, the Mean Percent Absolute Error 
was 15.94, and the Mean Percent Absolute Difference was 
8.86 (Table 5, Panel II). Averaging the Component Method 
II and Housing Unit Method produced an overall Mean Al-
gebraic Percent Error of 7.95, a Mean Percent Absolute Error 
of 18.14 percent, and a Mean Percent Absolute Difference of 
9.49 percent (Table 5, Panel III). In general, the data on Ta-
ble 5 suggest the expected patterns, with error measures be-
ing larger for places with smaller population and smaller for 
place with larger populations.  

Table 6 presents the same error measures by the rate of 
population change from 1980 to 1990. Differences in popu-
lation growth rates had the same impact on errors for places 
as for counties (i.e., fastest declining and growing places 
have higher error rates than slowest declining or growing 
places), but the patterns were more clearly visible for the 
places than the counties. As can be seen from Table 6, there 
was  a  tendency  to  overestimate the fastest declining places  
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Table 5. Mean Algebraic Percent Error (MALPE), Mean Absolute Percent Error (MAPE), and Mean Percent Absolute Difference 
(MPAD) between 1990 Census Counts and Estimated Population Produced by Component Method II and Housing Unit 
Method for Places in Texas 

 
Population Size 

1990 
Number of 

Places 
MALPE MAPE MPAD 

Panel I:  Component Method II 

< 1,000 452 15.13 26.29 22.88 

1,000- 2,499 306 6.66 17.33 17.15 

2,500- 4,999 167 8.36 17.30 17.81 

5,000- 9,999 104 2.37 13.38 13.51 

10,000-24,999 107 3.42 15.37 15.63 

25,000-49,999 34 -1.03 15.29 14.89 

50,000-99,999 19 4.74 9.14 9.33 

100,000+ 19 2.46 5.42 7.59 

 

All Places 1208 9.10 19.79 10.81 

Panel II:  Housing Unit Method 

< 1,000 111 4.96 24.30 22.94 

1,000- 2,499 206 10.63 19.09 19.38 

2,500- 4,999 144 9.41 14.15 14.14 

5,000- 9,999 96 7.48 13.35 13.12 

10,000-24,999 101 5.49 10.46 10.54 

25,000-49,999 30 3.46 7.96 7.87 

50,000-99,999 19 5.76 8.19 8.11 

100,000+ 19 5.51 9.13 7.32 

 

All Places 726 7.83 15.94 8.86 

Panel III:  Average of Component Method II and Housing Unit Methods* 

< 1,000 453 11.47 24.19 21.36 

1,000- 2,499 307 6.23 16.37 16.52 

2,500- 4,999 167 8.52 15.76 16.16 

5,000- 9,999 104 4.43 12.76 12.69 

10,000-24,999 107 4.23 12.30 12.43 

25,000-49,999 34 -1.23 12.88 12.51 

50,000-99,999 19 6.24 8.17 8.12 

100,000+ 19 5.00 5.40 6.80 

 

All Places 1210 7.95 18.14 9.49 

*   For places for which housing data were not available to implement the Housing Unit Method, only the Component Method II estimate was employed. 
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Table 6. Mean Algebraic Percent Error (MALPE), Mean Absolute Percent Error (MAPE), and Mean Percent Absolute Difference 
(MPAD) between 1990 Census Counts and Estimated Population Produced by Component Method II and Housing Unit 
Method for Places by Percent Population Change, 1980-1990 

 

Percent Population 
Change, 1980-1990 

Number of 
Places 

MALPE MAPE MPAD 

Panel I:  Component Method II 

<-10.0 267 28.12 29.65 21.39 

-10.1- 0.0 281 12.58 15.24 10.01 

0.1-10.0 212 8.44 13.02 13.18 

10.1-20.0 122 7.67 14.18 6.22 

20.1-30.0 61 1.58 13.11 5.93 

30.1-40.0 44 0.50 15.57 9.71 

40.1-50.0 32 0.14 15.97 9.38 

 

50.1+ 133 -21.78 25.12 18.39 

Panel II:  Housing Unit Method 

<-10.0 127 28.30 28.46 26.27 

-10.1- 0.0 183 13.22 14.49 15.50 

0.1-10.0 148 7.34 8.02 8.76 

10.1-20.0 77 4.24 8.79 6.99 

20.1-30.0 43 -0.37 7.48 4.96 

30.1-40.0 28 -3.52 8.46 2.66 

40.1-50.0 24 0.01 9.22 7.73 

 

50.1+ 84 -7.49 19.85 10.85 

Panel III:  Average of Component Method II and Housing Unit Methods 

<-10.0 267 30.35 30.56 24.32 

-10.1- 0.0 281 12.48 12.75 11.54 

0.1-10.0 212 6.97 9.06 10.59 

10.1-20.0 122 3.54 9.37 6.41 

20.1-30.0 61 -1.61 9.59 5.17 

30.1-40.0 44 -4.60 11.36 5.36 

40.1-50.0 32 -2.90 12.05 5.67 

 

50.1+ 133 -22.29 25.72 14.36 

 
and underestimate the fastest growing places. The Mean Al-
gebraic Percent Error was 28.12 for Component Method II 
and 28.30 for Housing Unit Method for places with declining 
population of 10.0 percent or more. The Mean Percent Abso-
lute Difference was 21.39 for Component Method II and 
26.27 for Housing Unit Method with declining population of 
10.0 percent or more. The MALPE, MAPE, and MPAD 
were higher for the fastest growing places as well. This was 
evident from both Component Method II and Housing Unit 
Method.  

Table 7 shows results of the evaluation of estimates in 
terms of range of errors. Overall (average of the Component 
Method II and the Housing Unit Method) 20.9 percent of the 
places (compared to 53.1 percent of the counties) were esti-
mated within 5 percent, 21.7 percent within 5.1 to 10.0 per-
cent, and another 16.0 percent within 10.1 to 15.0 percent of 
the 1990 population count. For the Component Method II, 
42.9 percent of the places were estimated within 10.00 per-
cent while for the Housing Unit Method 40.9 percent of the 
places were estimated within the 10.00 percent of the actual 
census count. 
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The results in Table 8 point to a tendency for the popula-
tion estimates of places to be overestimated compared with 
county estimates both for Component Method II and Hous-
ing Unit Method. This underestimation may be due to the 
undercount in the 1980 census, creating a base population 
that was lower than it should have been. Murdock and Ho-
que [5] evaluated the impact of undercount on the accuracy 
of small-area population estimates and found significant dif-
ferences in using adjusted and non-adjusted population for 
1980 (for detailed discussion see [5]). Another possible ex-
planation is that there might have been an overestimation of 
population in small places in 1990. To my knowledge, there 
is no study that evaluates the impact of adjustment to the 
1990 census. 

The data in Tables 6 through 8 also suggest that in nearly 
all cases, the use of the Housing Unit Method improves the 
accuracy of the estimates obtained. The results of the Hous-
ing Unit Method averaged with Component Method II ap-
pear to lead to a reduction in the error of estimates for places 
in Texas. 

In review, the data for places suggest that place level es-
timates are less accurate than those for counties. They sug-
gest that the use of the Housing Unit Method averaged with 

estimates from the Component Method II may provide the 
means of moving toward improvement of the estimates.  

VIII. CONCLUSION 
Accurate estimates are difficult for small areas and for 

areas showing inconsistency in the direction of change dur-
ing the estimation period. Most of the places in Texas expe-
rienced rather rapid change making it more difficult to do 
accurate estimates of population. Texas is one of the few 
states that has produced population estimates for the counties 
and places since the mid-1980s. Texas Population Estimates 
and Projections Program’s population estimates are calcu-
lated using an average of the Component Method II, the Ra-
tio-correlation Method, and the Housing Unit Method. For 
this paper, population estimates calculated using the Compo-
nent Method II, the Ratio-correlation Method, and the Hous-
ing Unit Method separately as well as estimates calculated 
using an average of the three methods were evaluated against 
actual 1990 census counts. 

Three error measures are used to assess the accuracy of 
population estimates of Texas for 1990. They are the Mean 
Algebraic Percent Error, the Mean Absolute Percent Error, 
and the Mean Percent Absolute Difference. At the county 
level, Component Method II did better than the Housing Unit 

Table 7. Range of Percent Error for Differences between Census Counts and Estimated Population Produced by Component Method 
II and Housing Unit Method for Places in Texas for 1990 

Component 
Method II 

Housing Unit 
Method 

Average of 
CM II and HU 

Methods 

Absolute  
Percent 
Error 

Number Percent Number Percent Number Percent 

0.0 - 5.0 298 24.7 150 20.7 253 20.9 

5.1 - 10.0 220 18.2 147 20.2 262 21.7 

10.1 - 15.0 177 14.7 152 20.9 194 16.0 

15.1 - 20.0 111 9.2 97 13.4 153 12.6 

20.1 - 25.0 87 7.2 74 10.2 89 7.4 

25.1 - 30.0 80 6.6 31 4.3 74 6.1 

30.1+ 235 19.5 75 10.3 185 15.3 

 
Table 8. Number of Places, Percent of Places, and Mean Algebraic Percent Error (MALPE) and Mean Percent Absolute Differences 

(MPAD) for Places with Estimates Above and Below the 1990 Census Counts 

Component 
Method II 

Housing Unit 
Method 

Average of 
CM II and HU 

Methods  

Below Above Below Above Below Above 

Number 443 761 163 562 362 846 

Percent 36.79 63.21 22.48 77.52 29.97 70.03 

MALPE -14.58 22.97 18.06 15.36 -17.04 14.38 

MPAD 11.90 10.48 12.32 8.39 18.66 8.70 
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Method and Ratio-correlation Method. At the place level, the 
Housing Unit Method did better than the Component Method 
II. However, as mentioned earlier, some counties and places 
in Texas neither issue building permits nor provide data to 
the U.S. Department of Commerce or Texas State Data Cen-
ter to be used in the Housing Unit Method. Recent data on 
vacancy rate is also unavailable for most areas. 

The evaluation of the Texas Population Estimates and 
Projections Program’s population estimates presented here 
suggest that the average of two or three methods performed 
better than a single method. The estimates also show the 
expected patterns of error by population size and population 
change. That is, population estimates are more accurate for 
large counties and places than small counties and places. Of 
the several methods tested, no single method produced more 
accurate estimates than the averages of two or three methods. 
The assessment of the accuracy of the place-level estimates 
showed substantially higher levels of errors than the levels 
found for county-level estimates. This higher error rate re-
sults because of the large number of places with small popu-
lation size and the inconsistency in the direction of change 
during the estimation period. For future research, one way to 
improve the accuracy of place level estimates is to add Ra-
tio-correlation method and compare the estimated population 
produced by Ratio-correlation to the actual census counts 
and also taking the average of all three methods to compare 
with the census counts for 2000. For county estimates, I 
would recommend adding the administrative record method 
provided that input data are available to do so and again 
compare with the census counts.   
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