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MEASURING THE ACCURACY OF POPULATION 

PROJECTIONS: AN APPLICATION OF EXPLORATORY 

DATA ANALYSIS 

Peter Pflaumer 

ABSTRACT: The accuracy of U.N. population projections is examined. The goal is 
to measure the amount of uncertainty associated with past projections of the United 
Nations in order to provide a reaiistic measure of the uncertainty in the projection that 
the U.N. makes in the future. Various descriptive measures of the forecast error data set 
are presented and methods from exploratory data analysis and Cluster analysis are applied. 
The data consists of the medium variant of projections made by the U.N. between 1960 and 
1985 for 101 countries. The findings show that the forecasting Performance is satisfactory 
for the majority of countries. However, relatively laxge forecast errors occurred mainly in 
African countries. In some African countries the population growth has been substantiaüy 
underestimated. 

KEY WORDS: forecasting Performance, Cluster analysis 

1. INTRODUCTION 

Population forecasts have received a great deal of attention during the past years. They 

are widely used for planning and policy purposes. Planners and policy makers need a 

reliable insight into future developments in the size and composition of their populations. 

However, forecasting is a difficult task. Most users of population forecasts now realize 

that populations are not perfectly pTedictable. As a result, there has been an increasing 

interest in questions relating to the Performance of population projection models. In this 

paper the accuracy of U.N. population projections is statistically examined. Our goal 

is to measure the amount of uncertainty associated with past projections of the United 

Nations in order to provide a reaiistic measure of the uncertainty in the projections that 

the U.N. makes in the future. This paper continues the investigation of Keyfitz (1981). 

His paper concentrates on the construction of confidence intervals, whereas our paper 

presents various descriptive measures of the forecast error data set and applies methods 

from exploratory data analysis and Cluster analysis. 

1 



2. METHODS 

The measures of error considered are based on the differences between the projected and 

the actual annual population growth rates. Keyfitz (1981) and Stoto (1983) have shown 

that this measure adjusts for the length of the projection period. 

Let Po he the population at the beginning of the projection period, and PT be the actual 

population T years later. It is easily shown that the actual average annual growth rate is 

r=lln(pT/p0). (1) 

The projected average annual growth rate is 

f = i/»(ft./P0), (2) 

where Py is the projected population at time T and Po is the estimated population at the 
beginning of the projection period. The following measures of error are considered for the 
analysis: 
(1) the average error or bias 

BIAS = ^ - r,-) = ~ £ d' (3) 

(2) the mean absolute error 

MAE=^ ifi ~ r<i= ^ 
n * n w 

(3) the mean square error 

MSE=^ "r*-)2 = ^ 

(4) the root mean square error 

RMSE = (6) 

(5) Theil's inequality coefficient 

V2 = Tfji - n)2 (7) 

£<•? 

If U2 > 1, the prediction power of the forecaster is worse than a naive zero-change predic-
tion, i.e. f<+i = 0. 
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(6) modified Theil's inequality coefficient 

vi _ ~ n)2 m 

E(n - «)2 ( ' 

If V2 > 1 the predictive power of the forecaster is worse than the prediction that assumes 
the growth rate of the past period, i.e. ft+j = r*. In our investigation the growth rate of 
the past period always compromises the average growth rate during the last 5 years. 

(7) Theil's inequality proportions 

UM = (bias Proportion) (9) 

(S- — S )2 

Us = - (variance proportion) (10) 
MoE 

TTC ^(l — p )SfSr / . x 
= MSE (covariance Proportion) (11) 

with 
7V = actual growth rate of country i 
ff — projected growth rate of country i 
di = ^ - r, 
Qi 

= actual growth rate of country i in the past period 
ri = 

Ti = 

Sr = 
\/m(n-ri)2 

Sf — 

P 
= 

SfSr 

3. DATA AND SUMMARY OF FINDINGS 

Our data consists of the medium variant of projections made by the U.N. between 1960 

and 1985 for 101 countries with a population of one million or more. The total population 

size of these countries exceeded 3.3 billion in 1985. China has not been included in the 

analysis. The projected growth rates are compared with actua! growth rates, which are 

documented in various issues of the Demographic Yearbook. The year the forecast was 

made (jump-off year), the base and target year of the forecast, and the corresponding 

symbols of the errors d, where d is the difference between the projected and the actual 

growth rate, are given in Table 1. Projections ranging from five to twenty years into the 

future were examined. D05B60, e.g., symbolizes the five-year forecast error for projections 
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Table 1: Summary of U.N. Projections 

Jump- Forecasting Error symbol 

off year period d 

1963 1960- 1965 D05B60 

1960- 1970 D10B60 

1960- 1975 D15B60 

1960 - 1980 D20B60 

1968 1965 - 1970 D05B65 

1965- 1975 D10B65 

1965- 1980 D15B65 

1965 - 1985 D20B65 

1973 1970- 1975 D05B70 

1970- 1980 D10B70 

1970- 1985 D15B70 

1978 1975- 1980 D05B75 

1975 - 1985 D10B75 

1983 1980- 1985 D05B80 

made in 1960. It shows the deviation from the annual actual average growth rate between 

1960 and 1965. If it is positive, the actual growth rate has been overestimated. If it is ne

gative, the actual growth rate has been underestimated. It is a perfect forecast if D05B60 

is zero. Table 2 shows various descriptive measures of the five- through twenty-year fo

recast errors. The results indicate that the forecasting Performance depends on the year 

in which the projection was made. The correlation between jump-off year and forecast 

error was noted by other authors as well. Stoto, e.g., showed that the jump-off year of the 

forecast is strongly correlated with the errors in population growth for forecasts made in 

the United States by the U.S. Bureau of the Census between 1946 and 1971. In the base 

year 1960, the population growth rates were underestimated on the average, whereas in 

the other years they were overestimated. However, the systematic errors are small. The 

errors in the forecasts are mainly due to the covariance proportions. The predictive power 

of the forecasts are much better than a naive zero-change prediction or a simple time series 

prediction, since U2 < 1 and V2 < 1. 

Comparing our results with Keyfitz's results, we see that our RMSEs are larger. The 
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Table 2: Forecast Measures (Percentage Points) 

Variable Lower Median Upper MAD BIAS MAE RMSE 
Quartile Quartile 

D05B60 -0.456 -0.063 0.155 0.283 -0.163 0.399 0.570 
D10B60 -0.421 -0.064 0.202 0.275 -0.199 0.478 0.694 
D15B60 -0.331 -0.025 0.262 0.288 -0.128 0.446 0.627 
D20B60 -0.199 0.062 0.286 0.238 -0.045 0.390 0.544 
D05B65 -0.090 0.101 0.431 0.274 0.121 0.414 0.575 
D10B65 -0.022 0.161 0.396 0.232 0.149 0.421 0.612 
D15B65 -0.004 0.216 0.467 0.242 0.149 0.443 0.583 
D20B65 -0.039 0.255 0.479 0.232 0.204 0.427 0.521 
D05B70 -0.244 0 0.167 0.206 0.016 0.354 0.560 
D10B70 -0.131 0.075 0.284 0.205 0.084 0.392 0.590 
D15B70 -0.160 0.110 0.304 0.214 0.086 0.374 0.490 
D05B75 -0.089 0.003 0.136 0.113 0.044 0.238 0.405 
D10B75 -0.153 0.037 0.266 0.192 0.053 0.364 0.542 
D05B80 -0.182 0 0.222 0.190 0.034 0.288 0.432 

Variable P UM Us Uc U2 V2 

D05B60 0.898 0.081 0.040 0.878 0.037 0.089 
D10B60 0.823 0.083 0.002 0.915 0.072 0.180 
D15B60 0.835 0.041 0.001 0.956 0.064 0.165 
D20B60 0.866 0.007 0.001 0.992 0.049 0.120 
D05B65 0.864 0.044 0.079 0.877 0.050 0.191 
D10B65 0.839 0.059 0.007 0.934 0.063 0.288 
D15B65 0.863 0.066 0.004 0.930 0.060 0.264 
D20B65 0.899 0.154 0.020 0.826 0.048 0.219 

D05B70 0.877 0.008 0.017 0.982 0.047 0.229 
D10B70 0.869 0.020 0.001 0.979 0.058 0.348 
D15B70 0.904 0.031 0.031 0.938 0.041 0.252 
D05B75 0.958 0.012 0.005 0.983 0.026 0.134 
D10B75 0.912 0.010 0.002 0.989 0.051 0.327 

D05B80 0.945 0.006 0.033 0.960 0.031 0.242 

MAD: median absolute deviation of the median 
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reason for this is that we have included more countries, especially more African countries, 

which showed large forecast errors. Some of these descriptive measures are conveniently 

displayed graphically by the use of box or whisker plots, which reveal central tendency and 

spread behaviour. Figure 1 shows box plots of the forecast error by projection span and 

by base year. We observe some extreme outliers, which are the results of exceptional po

pulation growth in some countries, which occurred because of changes in State boundaries. 

Figure 2 gives the distribution of the forecast error for several projections made in 1960 

by projection span in years. In Fig. 3 the distribution of the error D20B60 can be seen. 

This distribution is typical for the other errors. The error distributions are unimodal, but 

the assumption of normality has to be rejected for all error distributions on the 5 percent 

significance level. The results may be summarized as follows: First, there is some evidence 

that the U.N. has improved their ability to produce more accurate population projections 

over time, since the descriptive measures all show steady decline. Second, we can conclude 

that the error for long-term forecasts is nearly invariant with respect to the time period 

over which the projection is made. This result has aJready been found by Keyfitz (1981). 

The independence of the forecast error and the length of the forecast horizon is of course 

only vaüd for errors which are based on growth rates. Other forecast errors generally 

increase with the length of the forecast horizon. Smith and Sincich (1991), e.g., find that 

in most instances there is a linear or nearly linear relationship between forecast accuracy 

and the length of the forecast horizon. 

4. FACTORS INFLUENCING THE FORECAST PERFORMANCE 

In this chapter we want to identify some factors that influence the forecast errors (cf. 

Keilman 1990, 56) .The error measures in Table 3 make it clear that the forecasting Per

formance differs from continent to continent. In Africa the population growth has been 

continueously underestimated. The forecast error is considerable. In Asia and in South 

America the population growth has been constantly overestimated. The forecast error is 

less important. Regarding the low error measures in European countries, in North Ame

rica and in Australia, we conclude that in those countries the forecasting Performance 

is fairly good. The above mentioned results lead to the assumption that the population 

growth rate is a factor which influences the forecast errors. In order to explore this effect, 

we have made this analysis with the average error D20B60. In Fig. 4 the relationship be-
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Figure 1: Box plots of 10 - year - forecast 

errors by base year 

Figure 2: Box plots of forecast errors in 

1960 by projection span 
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Table 3: Error Measures by Continents (Percentage Points) 

Africa Asia South Rest 
America 

Variable BIAS RMSE BIAS RMSE BIAS RMSE BIAS RMSE 
D05B60 -0.495 0.870 0.064 0.569 -0.153 0.515 -0.069 0.234 
D10B60 -0.700 1.104 -0.082 0.624 0.003 0.431 0.018 0.247 
D15B60 -0.616 0.993 0.044 0.505 0.120 0.424 0.041 0.276 
D20B60 -0.518 0.844 0.120 0.429 0.208 0.392 0.091 0.302 
D05B65 -0.173 0.606 0.216 0.704 0.329 0.705 0.154 0.292 
D10B65 -0.171 0.816 0.293 0.561 0.431 0.713 0.143 0.215 
D15B65 -0.244 0.783 0.308 0.517 0.465 0.626 0.205 0.279 
D20B65 -0.116 0.623 0.253 0.462 0.503 0.636 0.263 0.321 
D05B70 -0.024 0.507 0.026 0.671 0.152 0.753 -0.041 0.335 
D10B70 -0.073 0.588 0.173 0.620 0.258 0.816 0.043 0.308 
D15B70 -0.104 0.516 0.109 0.453 0.293 0.680 0.104 0.279 
D05B75 0.004 0.429 0.157 0.392 -0.006 0.513 0.007 0.298 
D10B75 -0.119 0.665 0.142 0.573 0.233 0.633 0.042 0.206 
D05B80 0.003 0.550 -0.009 0.415 0.117 0.423 0.076 0.300 
Mean -0.233 0.707 0.124 0.535 0.211 0.590 0.077 0.278 

tween the forecast error and the population growth rate can be seen. Population growth 

tends to increase the forecast error; the errors can be negative or positive. Since the 

population growth rate depends on birth and death rates, there must also be a relationship 

between the forecast errors and the birth and death rates. Fig. 5 presents a scatter diagram 

of the forecast errors and the birth rates. The correlation between the forecast errors and 

the birth rates are not very strong, but high positive and negative errors are related to 

high birth rates. Finally, the influence of economic growth on the forecasting Performance 

has been investigated. Figure 6 shows a scatter diagram of forecast errors and average 

growth rates of real GNP between 1960 and 1982. We see that larger errors are associated 

with countries having a low economic growth. This more detailed analysis indicates that 

the population growth rate, the birth and death rates, and the economic growth rate each 

have different, but systematic efFects on the biases and the variability of the projection 

errors. There still exists a number of other factors which one may assume are related to the 

accuracy of population forecasts. For example, a negative correlation between population 

size and forecast error could also be found in the projections of the U.N. (cf. Fig. 7). 
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Figure 5: Forecast errors dependent on Figure 6: Forecast errors dependent OB 
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Surprisingly, the size of migration, even if it is relatively difficult to foresee, did not show 

the expected systematic efFect on the forecast error. The reason for this might be the 

incomplete and inexact data for migration streams. 

5. CLUSTER ANALYSIS 

Finally, a Cluster analysis had been carried out in order to find groups of countries with 

similar forecast errors in the past. Because of the erratic nature of short-term forecast 

errors, the Cluster analysis has been restricted to errors with a forecast horizon of at 

least 10 years. Cluster analysis separates objects (countries) into groups or Clusters using 

measurements ( 9 forecast errors: D10B60, D15B60, D20B60, D10B65, D15B65, D20B65, 

D10B70, D15B70, D10B75) on these objects. 
By looking at the characteristics of each Cluster, one is able to determine how different the 

Clusters actually are. Cluster analysis is primarily used where no a priori Classification of 

the data is available. A large number of clustering techniques have been developed. The 

method used here is the K-means algorithm developed by Hartigan (1975). Choosing the 

number of Clusters is one of the most difficult problems of Cluster analysis. However, after 

having performed the Cluster analysis for different numbers of Clusters, we believed that 

three Clusters would probably be optimal. 

Cluster 1 contains the majority of all countries, namely 69 developed and developing 

countries. Cluster 2 contains following 20 countries: Ireland, Iran, Vietnam, Tanzania, 

Kenya, Uganda, Mozambique, Rwanda, South Africa, Somalia, Upper Volta, Mali, Ivory 

Coast, Senegal, Niger, Togo, Liberia, Zaire, Angola, Chad. The following countries are in 

Cluster 3: Phillipines, Laos, Saudi Arabia, Colombia, El Salvador, Nicaragua, Uruguay, 

Dominican Republic, Haiti, Morocco, Sudan, New Zealand. As can be seen, mainly African 

countries are included in Cluster 2, whereas mainly South American countries are included 

in Cluster 3. The results in Table 4 indicate that there are substantial differences when 

the countries are divided into three groups. Cluster 2 and Cluster 3 are characterized 

by relatively large forecast errors. Biases are one major source of error. In Cluster 2 

the actual population growth has been underestimated, whereas in Cluster 3 it has been 

overestimated. In Cluster 1, which contains most countries, the biases are slightly positive, 

which means that the population growth has been slightly overestimated on the average; 

the RMSEs are relatively small. 

The box plots in Fig. 8 clearly present the differences of the forecast errors in the three 

Clusters when restricting to the 20 - year - forecast error D20B60. If one chooses four clu-
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Table 4: Measures of Forecast Errors by Clusters (Percentage Points) 

Cluster 1 
(69 countries) 

Cluster 2 
(20 countries) 

Cluster 3 
(12 countries) 

BIAS RMSE BIAS RMSE BIAS RMSE 
D10B60 0.028 0.348 -1.145 1.264 0.082 0.830 
D15B60 0.061 0.287 -0.964 1.047 0.235 0.643 
D20B60 0.112 0.258 -0.907 0.980 0.300 0.536 
D10B65 0.202 0.344 -0.419 0.666 0.918 1.039 
D15B65 0.256 0.358 -0.359 0.538 0.832 0.911 
D20B65 0.285 0.373 -0.323 0.459 0.849 0.889 
D10B70 0.071 0.359 -0.318 0.540 0.859 1.181 
D15B70 0.103 0.346 -0.310 0.442 0.781 0.952 
D10B75 0.059 0.320 -0.158 0.451 0.622 0.970 
Mean 0.099 0.351 -0.480 0.672 0.510 0.853 

sters in order to identify families of countries with similar patterns of error, then Cluster 1 

breaks down into two groups of countries with only slight differences in the error measures. 

In the cluster that compromises most Western European countries the averge bias is 0.021 

and the average RMSE is 0.310. In the other Cluster the average bias amounts to 0.175 

and the average RMSE figures up to 0.385. These Undings show that the forecasting Per

formance of the U.N. was satisfactory for the majority of countries. The results presented 

here give a rough indication of the ability of the U.N. to predict future population in the 

next ten to twenty years. 

6. CONCLUSION 

Any population forecast fulfils its purpose, if the extent of uncertainty about the future 

demographic development is reduced, whereas the calculation of measures of forecast error 

fulfils its purpose, if the extent of the uncertainty is quantified. Only after giving a measure 

of forecast error with the publication of a forecast, the user fully realizes the inevitable 

uncertainty of the population forecast, and it becomes possible for him to calculate the risk 

of his individual planning, which is entirely or partiaJly based on the published population 

forecast. 
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