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The possibility of zero growth in 
the population of the United States has 
stimulated some recent investigations 
(1-3) of the implications of alternative 
paths to that condition, based on pro- 
jections, of the population as a whole. 
Given the history (4) of marked dif- 
ferentials in fertility and mortality rates 
between the white and nonwhite seg- 
ments of the population, this article is 
concerned with the consequences of 
different rates of approach to zero 
growth. Specifically, what would be the 
effects of different rates on the short- 
and long-term growth of the respective 
segments of the population? How long 
would it take the population to sta- 
bilize, and how much would the popu- 
lation have increased by then? What 
intermediate trends would appear in 
the proportion of nonwhites in the pop- 
ulation, and what would be the relative 
sizes of the white and nonwhite seg- 
ments in the long run? 

These questions are explored on the 
basis of separate projections of the 
white and nonwhite segments of the 
population, incorporating different as- 
sumptions about the patterns through 
which zero growth is attained (inter- 
mixture of the two segments is not con- 
sidered). The assumptions are based 
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on alternative trends in the reproduc- 
tion rate, considered in terms of the 
interaction between alternative fertility 
and mortality trends. 

Modeling Approach 

Since the discussion will mainly em- 
phasize large-scale and long-term ques- 
tions, it will be sufficient to work with 
only the main demographic factors of 
population growth for these projec- 
tions. Like Frejka (1, p. 380), I shall 
"ignore factors which can play impor- 
tant roles in the short run, but which 
seem fairly stable in the long run 
(changes in proportion married, changes 
in average age at marriage, etc.)" and 
base the projections only on fertility 
rates, mortality rates, and reproduction 
rates. Model specification will turn 
primarily on the net reproduction rate 
(N) and will take the form of alterna- 
tive assumptions about the speed with 
which replacement rates of fertility 
(N = 1.0) are attained, beginning from 
the initial date. Fertility rates will be 
assumed to remain indefinitely at re- 
placement once that is attained. Zero 
population growth will thereby emerge 
with time, as stipulated by the theory 
of stable populations (5). 

The initial year for all projections is 
1965. Thus the initial demographic 
characteristics of both the white and 
nonwhite populations are those of 1965, 
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shown in Tables 1 and 2. To simplify 
the arithmetic, projections are carried 
out for the female population only. For 
present purposes, it is sufficient simply 
to double the projected female popula- 
tion in order to obtain the correspond- 
ing total population. Projections are 
generally made for 5-year intervals and 
extend for about 200 years. Five 
separate projections, based on a fixed 
pattern of mortality decline combined 
with five different patterns of fertility 
decline, have been made for each of 
the white and nonwhite populations. 
Fertility rates predominate heavily over 
mortality rates, with respect to in- 
fluencing possible zero growth. I there- 
fore emphasize in these projections the 
effects of alternative trends in fertility. 

Assumptions about mortality are 
based on the life expectancy at birth 
(eo), which provides a convenient sum- 
mary measure of the overall circum- 
stances of sickness and death, over the 
entire span of life, in a given popula- 
tion (6). For the white population, life 
expectancy is assumed to increase line- 
arly (by 6 months each period) over five 
projection periods after the initial pe- 
riod, until it attains a fixed level of 77.5 
years [for convenience, life expectancy 
in the initial period is set at 75.0 years 
,(Table 2)]. For the nonwhite popula- 
tion (life expectancy in the initial 
period set at 67.5 years), the assumed 
linear increase in life expectancy occurs 
in two stages: first with a 1-year in- 
crease each period up to a life expect- 
ancy of 74.5 years; then with a 6-month 
increase each period until the final, fixed 
level of 77.5 years is attained. The sup- 
porting argument for these assumptions 
is that, whereas mortality rates in the 
white population in 1965 are already 
quite low and future declines are there- 
fore likely to be gradual, the corre- 
sponding rates in the nonwhite popula- 
tion are high enough that there is room 
for relatively rapid declines until rates 
similar to those for whites in 1965 are 
attained, after which declines may fol- 
low the same pattern as in the white 
population. The same final life ex- 
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pectancy is assumled for both popula- 
tions, in order to simulate long-range 
equalization of the general incidence of 
sickness and death among their mem- 
bers. Table 3 displays the assumed 
trends in mortality and fertility rates 
for the different projections. 

The five projections carried out for 
each of the white and nonwhite popula- 
tions are based on the assumptions that, 
beginning from 1965, replacement rates 
of fertility are attained: instantly (pro- 
jection 1); in 15 years (projection 2); in 
35 years-that is, by the year 2000 

(projection 3); in 55 years (projection 4); 
and in 75 years (projection 5). For 

projections 2 through 5, the net repro- 
duction rate is assumed to decline line- 

arly over the interval. The correspond- 
ing gross reproduction rates (G) also de- 
cline linearly between initial rates and 
the rates they have reached when net 

reproduction rates first reach replace- 
ment (7). Given the final rates at which 

mortality is assumed to remain fixed 
(with eo - 77.5 years), the fertility rates 
needed for replacement are G --1.01. 
Corrected for the sex ratio at birth, this 
means that women who live through 
their childbearing years would tend to 
have, on the average, just about two 
children (8). These assumed final rates 
are the same for all the different projec- 
tions of the white and nonwhite popula- 
tions. 

As for the modeling approach, it is 
clear, first of all, that the assumptions 
imply substantial reductions in fertility 
for both the white and nonwhite popula- 
tions. Given its higher initial fertility 
rates, the reductions are greater for the 
nonwhite population than for the white. 
For example, the initial total fertility 
rates (Table 2) imply averages of close 
to three children per woman for whites, 
and almost four for nonwhites, but these 
rates are eventually reduced to about 
two children for both populations. 

The speed with which these reduc- 
tions are assumed to occur also varies. 
In projection 1, they are assumed to 
occur instantly. Such instantaneous cuts 
in fertility rates would be quite drastic. 

However, the other projections are pro- 
gressively less drastic. Although cur- 
rent overall rates are the lowest ever, 
the recorded trends in white and non- 
white fertility in the years shortly be- 
fore and since 1965 are approximated 
by the assumptions for projection 2 (9). 
The question is whether the model in- 
cludes a wide enough range of assump- 
tions for likely future trends. For ex- 

ample, what if fertility rates where to 

remain below replacement? It is haz- 
ardous to try to guess the actual future 
trends of fertility rates; however, it 
seems reasonable to argue that they are 
not likely to remain below replace- 
ment for long. Placing the past experi- 
ence of this country and several Euro- 

pean countries in the perspective of 
probable future conditions, it seems 

likely that future fertility rates will 
fluctuate around replacement (10). 
Therefore, for the purposes of the long- 
range factors with which this discussion 
is concerned, the assumption of steady 
replacement rates of fertility represents 
a plausible "average." 

A final note on the modeling ap- 
proach concerns the standard features 
of single-sex population projection- 
namely, that migration is not considered 
and that the modeling assumptions are 

essentially arbitrary. The effect of mi- 

gration on future population growth is 

ignored for the purpose of examining 
the implications of mortality and fer- 

tility conditions independently of any 
other factors. The modeling assump- 
tions are based only on these two fac- 

tors, and the resulting projections elab- 
orate the assumptions. Inasmuch as 
these assumptions are necessarily arbi- 

trary, the advantage of models is that 

they make it possible to develop con- 
crete simulations of the logical out- 
comes of a wide range of conditions, 
which can be chosen at will for the 

purposes of study and discussion. 

Results 

Table 4 contains data on the long- 
term growth of the projected popula- 
tions. Perhaps the first striking charac- 
teristic of these populations is that they 
all increase considerably in size before 

eventually stabilizing. Some of this in- 
crease is caused by the assumed mortal- 

ity declines, but the bulk of the con- 
tinued population growth results from 
the nature of the initial age structure: 

relatively large numbers of women were 
in the younger age groups in 1965 

(Table 1), and, even if they began in- 

stantly to reproduce at replacement 
levels, as in projection 1, they would 
still produce enough offspring to in- 
crease the total size of the population 
substantially. Indeed, other data (not 
reported here) indicate that the average 
annual growth rates of the projected 
populations actually tend to increase 

slightly in the first 10 to 20 years after 
the initial date and then begin to de- 
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cline toward zero. Thus the legacy of 
past growth in the population is a 
built-in momentum for future growth. 

Given its younger initial age struc- 
ture, the nonwhite population has a 
greater momentum toward growth than 
does the white population. As a result, 
the peak size of the nonwhite popula- 
tion in each projection is proportionate- 
ly greater, compared to its initial size, 
than is that of the corresponding white 
population. Similarly, as a result of the 
successive delay in fertility reduction 
over the five separate projections, the 
peak size attained by each of the popu- 
lations before stabilization becomes pro- 
gressively greater in relation to its 
initial size. The combination of growth 
momentum and delay in fertility reduc- 
tion for the nonwhite projection 5, for 
example, results in continued growth of 
the population to a final size 4.24 times 
the initial size. Beginning from the pe- 
riod in which replacement fertility is 
first assumed to obtain, the populations 
continue to grow for at least 60 years 
before finally attaining their peak sizes 
-in one case (nonwhite projection 1), 
for as long as 95 years. 

Tables 5 and 6 deal with the con- 
vergence of the projected populations 
toward a stationary age structure. The 
stationary age structure (with eo = 77.5 
years and G = 1.01) (11), is the same 
for all projections. Given the combina- 
tion of lower fertility rates and higher 
survivorship ratios, the proportion of 
young persons under age 15 is much 
lower in the stationary population (19.2 
percent) than in the initial white (28.8 
percent) and nonwhite (37.3 percent) 
populations. The proportion of persons 
age 65 and older is higher in the sta- 
tionary population (18.5 percent) than 
in the initial white (10.9 percent) and 
nonwhite (6.4 percent) populations. 
Thus a general shift would have to 
take place in the orientation of social 
welfare programs, from a primary em- 
phasis on the need to provide for the 
young toward an increased concern with 
problems of the old. This shift would 
be greater for the nonwhite population 
than for the white, given the younger 
initial age structure of the former. In- 
terestingly, however, the combined pro- 
portion of young and old would not 
differ greatly between the initial white 
population (39.7 percent) and the sta- 
tionary model (37.7 percent), but it 
would be noticeably reduced for the 
nonwhite population (43.7 percent ini- 
tially; 37.7 percent for the stationary 
model). 

Convergence of the projected popula- 
15 JUNE 1973 

tions toward the stationary age structure 
is evaluated on the basis of the index 
of dissimilarity. Defined as half the sum 
of the absolute differences between two 
percentage distributions (12), this index 
indicates the extent to which one of the 
distributions would have to be rear- 
ranged in order to reproduce the other. 
Its values may range from zero for 
identical distributions to 100 percent for 
totally dissimilar distributions. With the 
populations grouped by age, the same 
as in Tables 5 and 6, the values of the 
index of dissimilarity between the ini- 

tial age structures and the stationary 
form are 11.5 percent for the white 
population and 21.2 percent for the 
nonwhite. 

The values of the index decline 
steadily as the projected populations ap- 
proach the stationary age structure. 
Having the earliest assumed fertility re- 
duction, projection 1 converges fastest 
of the five projections. And, given the 
younger initial age structure of the non- 
white population, projections for that 
population are more dissimilar to the 
stationary model at each stage than are 

Table 2. Selected demographic characteristics of the white and nonwhite populations: 1965. 

Total Gross Net Mean age Female life Total 
Population fertility reprodu- eproduc- of child- expectancy popuatio 

rate* tion rate' tion ratet bearingt (years (millions)! (years)? 

White 2.790 1.357 1.314 25.9 74.7 171.4 
Nonwhite 3.891 1.919 1.802 25.0 67.4 23.1 

* Source: U.S. Public Health Service, Vital Statistics of the United States, 1965, vol. 1, Natality 
(Government Printing Office, Washington, D.C., 1967), table 1-6, p. 1-7. t Source: ibid., table 1-4, 
p. 1-5. $ Source: ibid., table 1-12, p. 1-12. ? U.S. Bureau of the Census, Statistical Abstract of 
the United States: 1967 (Government Printing Office, Washington, D.C., 1967), table 61, p. 53. 
? U.S. Bureau of the Census, Current Population Reports, series P-25, No. 321 (Government Printing 
Office, Washington, D.C., 1965), table 1, pp. 11-14. 

Table 3. Basic modeling assumptions: trends in female life expectancy at birth (eo) and net 
reproduction rates (N), in the white and nonwhite populations, for projections 1 through 5. 

White Nonwhite 

Period N N 
e, e, 

1 2 3 4 5 1 2 3 4 5 

1965-70 75.0 1.00 1.24 1.28 1.30 1.31 67.5 1.00 1.59 1.69 1.72 1.74 
1970-75 75.5 1.16 1.25 1.27 1.29 68.5 1.40 1.60 1.66 1.70 
1975-80 76.0 1.08 1.21 1.25 1.27 69.5 1.20 1.50 1.61 1.66 
1980-85 76.5 1.00 1.17 1.22 1.25 70.5 1.00 1.41 1.55 1.62 
1985-90 77.0 1.13 1.20 1.23 71.5 1.31 1.48 1.57 
1990-95 77.5 1.08 1.17 1.21 72.5 1.21 1.42 1.53 
1995-2000 1.04 1.14 1.19 73.5 1.11 1.35 1.48 
2000-05 1.00 1.11 1.17 74.5 1.00 1.29 1.43 
2005-10 1.08 1.15 75.0 1.21 1.38 
2010-15 1.06 1.13 75.5 1.14 1.33 
2015-20 1.03 1.11 76.0 1.07 1.27 
2020-25 1.00 1.08 76.5 1.00 1.22 
2025-30 1.06 77.0 1.17 
2030-35 1.04 77.5 1.11 
2035-40 1.02 1.06 
2040-45 1.00 1.00 

Table 4. Long-term growth of the population: projections 1 through 5 for the white and 
nonwhite populations (N is net reproduction rate). 

Years 
N = 1.00 Peak is from first Peak Percent 

Projection from the reached N =1.00 size of 1965 
year in to peak (millions) population 

(No.) 

White 
1 1965 2035 70 231.6 135 
2 1980 2055 75 250.0 146 
3 2000 2060 60 280.1 163 
4 2020 2085 65 314.0 183 
5 2040 2100 60 351.9 205 

Nonwhite 
1 1965 2060 95 37.8 164 
2 1980 2055 75 44.8 194 
3 2000 2065 65 57.8 250 
4 2020 2080 60 75.0 325 
5 2040 2100 60 98.0 424 
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Table 5. Female age structure of model stationary population [source: West model stationary 
population, mortality level 24; A. J. Coale and P. Demeny, Regional Model Life Tables and 
Stable Populations (Princeton Univ. Press, Princeton, N.J. 1966), part 2, p. 72]. 

Age (years) 
Population 

Birth-4 5-9 10-14 15-19 20-29 30-44 45-64 65-74 75+ Total 

Percentage 6.4 6.4 6.4 6.4 12.7 19.0 24.2 10.2 8.3 100.0 

Table 6. Convergence of projected populations (1 through 5): indices of dissimilarity (see 
text) between age structure of stationary and projected populations, for selected years. 

White Nonwhite 
Year 

1 2 3 4 5 1 2 3 4 5 

1970 11.4 12.1 12.3 12.3 12.4 20.1 21.8 22.1 22.3 23.4 
1985 9.8 10.5 11.4 11.9 12.0 15.9 18.6 21.1 22.0 22.5 
2000 5.5 7.1 8.9 10.0 10.4 10.7 14.2 17.7 19.6 19.8 
2015 3.4 4.2 5.3 7.2 8.2 6.4 6.9 11.4 15.2 16.2 
2030 1.7 0.8 1.1 4.1 5.5 3.0 2.5 5.0 9.5 16.1 
2045 0.6 0.2 1.0 2.2 3.9 1.0 0.4 2.2 4.8 9.0 
2060 0.2 0.1 0.1 0.6 1.8 0.4 0.3 0.4 2.0 4.7 
2075 0.2 0.1 0.1 0.3 0.9 0.4 0.4 0.5 0.5 2.1 

the corresponding projections of the 
white population. In all cases, however, 
the age structures of the projected popu- 
lations essentially become stationary 
about 65 to 70 years after replacement 
fertility is first assumed to obtain. 

To evaluate the consequences for the 
total population if the white and non- 
white segments moved separately toward 
zero growth through the alternative 

paths represented by the different pro- 
jections, five combinations will be 
studied: (1,1), (3,3), (5,5), (1,5), and 

(5,1), where the first number in each 

pair refers to the projection of the white 

population, the second to the nonwhite. 
The first three ("matched") pairs in- 
volve simultaneous attainment of re- 

placement fertility, whether immediately 
(1,1), in the middle range (3,3), or in 
the long range (5,5). The last two pairs 
represent instant attainment of replace- 
ment fertility in the white segment but 
not until the long run in the nonwhite 

(1,5), and vice versa (5,1). Table 7 
shows the general characteristics of the 
total populations resulting from these 
combinations. In keeping with the trends 
in the separate projected populations, 
these combined populations also in- 
crease in size for some time before 

stabilizing, and their growth rates also 
rise slightly in the first 10 to 20 years 
before beginning the decline toward 
zero (13). 

The total populations resulting from 
the "matched" pairs of projections con- 
tinue to grow for at least 70 years (1,1) 
after the initial date before stabilizing 
-and in the case of (5,5), for well over 
100 years. The average annual growth 
rates in all three cases follow the same 

trend, but the rate at each stage is 
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lowest in (1,1), second in 1(3,3), and 

highest in (5,5) because of the successive 

delay in reaching replacement fertility. 
The total population (white and non- 

white) size at each stage, as well as 
the peak population sizes, are also 
ranked in the same order. 

The proportion of nonwhites in these 
total populations is similarly ranked at 
each stage, and increases over time for 
all three of the "matched" projections. 
Primarily 'because of its younger initial 

age structure, and secondarily because 
of its higher fertility rates at each stage 
before replacement is attained, the non- 
white population possesses a propor- 
tionately greater momentum of growth 
than does the white, with the result that 
it grows faster than the white popula- 
tion at each stage before stabilization, 
and its proportion of the total popula- 
tion thereby increases. This result is 

suggested in Table 4, where the percent 
of increase between initial and peak 
size is seen to be greater in the pro- 
jected nonwhite populations than in the 

corresponding white populations. There- 

fore, if the white and nonwhite seg- 
ments of the population simultaneously 
attained replacement fertility, the per- 
centage of nonwhites in the total popu- 
lation would increase somewhat over 
time. The longer it took to arrive at 

replacement fertility, the larger this 

percentage would be: 14 percent if in- 

stantly, 17 percent if by the year 2000, 
and over 20 percent if not for 75 years 
from the initial date. 

The total populations that result from 
the (1,5) and (5,1) combinations also 
stabilize eventually at zero rates of 

growth, but they approach this condi- 
tion in different ways. In the case where 

the nonwhite population attains re- 
placement fertility instantly and the 
white population only does so in the 
long run (5,1), the average annual 
growth rates rise in a manner similar 
to the "matched" combinations and 
then decline steadily toward zero. But 
in the case where the white population 
instantly attains replacement fertility 
and the nonwhite population only does 
so in the long run (1,5), the average an- 
nual growth rates rise, begin to fall, and 
then rise again slightly under the in- 
creasing influence of the still rapidly 
growing nonwhite population before 
finally falling again. In both cases, the 
total populations continue to grow until 
the end of the next century, by which 
time the size attained is almost 70 
percent larger than the initial size in 
one case (1,5) and twice the initial size 
in the other (5,1). The number of per- 
sons added to the population before it 
ceases to grow is about 135 million in 
the (1,5) case, but in the opposite case, 
(5,1), an additional 60 million persons 
would have been added before the 

population finally stopped growing. 
The trends in the percentage of non- 

whites in these two combinations of 

projections reflect the different growth 
trends of the white and nonwhite popu- 
lations. Nonwhite projection 5 grows 
much faster and to a larger final size, 
relative to the initial size, than does 
white projection 1 (Table 4), with the 
result that the proportion of nonwhites 
in (1,5) increases steadily, stabilizing 
at just under 30 percent. In (5,1), how- 
ever, relative increases are reversed, 
and the proportion of nonwhites de- 
creases finally to just under 10 percent. 

A brief comparison of the five dif- 
ferent combinations of projections in 
Table 7 shows the following: in terms 
of the demographic characteristics of 
the total population, (1,1) and (5,5) ef- 
fectively provide the low and high ex- 
tremes, respectively, with (3,3) falling 
between them. Although both (1,5) and 
(5,1) involve extreme conditions with 

respect to the different segments of the 

population, their resulting combined 

populations still fall between the ex- 
tremes represented by (1,1) and (5,5). 
The demographic characteristics of the 
(1,5) and (5,1) combinations are actu- 

ally quite similar to the characteristics 
of the (3,3) combination. All other pair- 
ings of the five separate projections for 
each of the white and nonwhite seg- 
ments would, with respect to their 

demographic characteristics, produce 
total populations between (1,1) and 
(5,5). 
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These combinations of projections 
are useful for developing perspectives 
on the relative contributions that the 
white and nonwhite segments would 
make to future population growth as 
the total population moved toward 
zero growth. First of all, the peak 
population sizes attained by the 
"matched" combinations indicate that 
the white segment is clearly prepon- 
derant in the total population, even 
though the nonwhite segment grows 
faster than the white at each stage. The 
ratios of peak to initial sizes for these 
three combinations are 1.38 (1,1), 1.73 
(3,3), and 2.31 (5,5), which clearly con- 
trast with the separate ratios (Table 4) 
for each segment. Similarly, in spite of 
its faster rate of growth, the nonwhite 
segment still remains a minority of the 

population for all three combinations. 
Therefore the 'bulk of the total popula- 
tion increment in every case may be 
attributed to the growth of the white 
segment. 

In sum, these combinations of pro- 
jections point to the continued pre- 
ponderance of the white segment over, 
the nonwhite, with respect to influence 
on total population growth before reach- 
ing zero growth. Even under the condi- 
tions of (1,5), the nonwhite segment 
would contribute considerably less to 
population growth than would the white. 

The combinations of projections in 
Table 7 are also useful in determining 
the likely proportion of nonwhites in 
the total population for alternative paths 
to zero population growth. As described 
above, the percentage of nonwhites in- 
creases steadily in the "matched" com- 
binations. In the other two, it rises 
steadily in one case (1,5), and falls in 
the other (5,1). Remarkably, however, 
this proportion still does not, in the 
long run, exceed 30 percent in the one 
case, nor fall much below 10 percent in 
the other. Therefore, it seems likely that 
the percentage of nonwhites in the total 
population will continue to increase on 
any realizable path toward zero popula- 
tion growth. It would require condi- 
tions at least as extreme as those em- 
bodied in (5,1) for this proportion to 
decrease. 
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Extensions 

The general frame of these models 
can be extended to other substantive is- 
sues connected with race and zero 
population growth. Three specific issues 
will be discussed here: the "genocide" 
hypothesis, the possibility of nonwhite 
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Table 8. Selected features of the "genocide hypothesis" projection (e, is female life expectancy 
at birth; G is gross reproduction rate; N is net reproduction rate). 

Modeling assumptions Population Average annual at end Period a nd growth rate of period ? 
eo G N (millions) dring period 

1965-70 67.5 1.81 1.67 25.9 1.72 
1970-75 1.69 1.57 28.3 1.77 
1975-80 1.58 1.46 30.8 1.76 
1980-85 1.47 1.36 33.4 1.63 
1985-90 1.35 1.25 35.8 1.40 
1990-95 1.24 1.15 38.0 1.18 
1995-2000 1.13 1.04 39.9 0.98 
2000-05 1.01 0.94 41.5 0.78 
2005-10 43.0 0.75 

2015-20 45.7 0.55 
2025-30 47.2 0.24 
2035-40 47.6 0.02 
2045-50 47.1 -0.12 

2070-75 44.2 - 0.29 
2095-2100 41.2 - 0.28 
2120-25 38.4 - 0.28 
2145-50 35.8 - 0.28 

growth to majority, and the "smoke- 
screen" hypothesis. 

The "genocide" question refers to the 

fear, expressed by a number of people 
within the black community (14, 15) 
that advocacy of fertility limitation 

among blacks may be aimed toward ef- 

fecting a reduction in their numbers 
and strength, or even possibly at totally 
exterminating them. The particular word 

"genocide" is perhaps strong in this 

connection, but the substantive point at 
issue concerns the likely consequences 
of sustained fertility reduction in the 
nonwhite population. 

In a sense, all of my projections are 
related to this issue, inasmuch as they 
all involve substantial fertility reductions 
over time. However, their relevance is 

limited by the final assumption in all 
cases of fixed, replacement rates of 

fertility after some period. It is there- 
fore necessary to devise new projections 
that would allow fertility and mortality 
trends to be modeled separately-so 
that, for example, net reproduction 
rates in the nonwhite population would 
fall below replacement. The new model- 

ing assumptions are shown in the sec- 

ond, third, and fourth columns of 
Table 8. 

The female life expectancy at birth is 
assumed to remain fixed at the initial 
level. Independently, the' gross reproduc- 
tion rate is assumed to decline linearly 
to a final rate of 1.01, attained at the 
turn of the century. This final rate is 
the same as those for projections I 

through 5 above. With mortality fixed, 
the resulting trend in net reproduction 
rates is also one of linear decline (7), 
to a final level of 0.94. These assump- 
tions essentially simulate the eventual 
attainment of sustained, below-replace- 
ment fertility in the nonwhite popula- 
tion, with the trends in mortality and 
fertility being chosen at extremes for 
the purpose of establishing logical 
bounds. 

The last two columns of Table 8 
show the trends in size and average 
growth rate of the resulting projected 
population. Even under below-replace- 
ment conditions, this population con- 
tinues to grow for 75 years after the 
initial date, attaining a peak at more 
than double its initial size before begin- 
ning to decline. The growth momentum 
inherent in the initial age structure is 
so strong, in fact, that the average an- 
nual growth rates rise in the early pe- 
riod before beginning to fall under the 
influence of the reduction in net repro- 
duction rates. 

In Table 9, this new projection of the 
nonwhite population (Gen) is combined 
with projections 1, 3, and 5 of the white 
population in order to study the con- 
sequences for the total population if the 
white segment evolved toward zero 
growth while the nonwhite segment 
evolved as in the "genocide hypothesis" 
projection. The basic demographic 
characteristics of the combined popula- 
tions display much the same trends as 
before. The average annual growth rates 
rise slightly in the early period, for all 
combinations, and then begin to de- 
cline. Similarly, the total population 

Table 9. Characteristics of the total population for given combinations of white population projections and the "genocide hypothesis" projection. 

Combinations 

Period (1,Gen) (3,Gen) (5,Gen) Period 
Growth Size* Nonwhite Growth Size* Nonwhite Growth Size* Nonwhite 

rate (millions) (%) rate (millions) (%) rate (millions) (%) 

1965-70 0.68 204.2 12.7 1.01 207.6 12.5 1.04 207.9 12.5 
1970-75 0.80 212.4 13.3 1.09 219.2 12.9 1.14 220.0 12.9 
1975-80 0.89 221.9 13.9 1.14 231.8 13.3 1.26 233.6 13.2 
1980-85 0.88 231.7 14.4 1.08 244.5 13.7 1.18 247.6 13.5 
1985-90 0.74 240.4 14.9 0.94 256.1 14.0 1.06 261.1 13.7 
1990-95 0.58 247.5 15.4 0.80 266.6 14.2 0.96 274.0 1.9 
1995-2000 0.48 253.5 15.7 0.70 275.9 14.5 0.89 286.5 13.9 

2005-10 0.44 264.8 16.2 0.60 293.1 14.7 0.84 311.8 13.8 
2015-20 0.32 274.6 16.6 0.49 309.1 14.8 0.72 336.3 13.4 
2025-30 0.10 278.8 16.9 0.27 319.1 14.8 0.51 355.8 13.3 
2035-40 - 0.02 278.8 17.1 0.12 324.0 14.7 0.35 369.8 12.9 
2045-50 0.00 278.4 16.9 0.06 326.3 14.4 0.27 380.1 12.4 

2070-75 - 0.05 275.2 16.1 - 0.04 324.1 13.6 0.06 392.6 11.3 

2095-2100 - 0.05 271.8 15.2 -- 0.04 320.7 12.8 -0.02 393.1 10.5 
2120-25 -0.05 268.7 14.3 - 0.04 317.5 12.1 -0.03 389.9 9.8 
2145-50 - 0.05 265.7 13.5 - 0.04 314.4 11.4 - 0.04 386.7 9.3 

* Size of the total population at the end of the period. 
SCIENCE, VOL. 180 1148 



sizes reach their peak for each combina- 
tion and then begin to decline slowly 
under the influence of the nonwhite 
population. Because of the successive 
delay of fertility reduction in the white 
population, the growth rates and pop- 
ulation sizes at each stage are higher 
in the (3,Gen) combination than in 
(1,Gen), and so forth. Strikingly, the 
relative distribution of growth momen- 
tum is such that, even under the as- 
sumed conditions, the projected non- 
white population grows faster than the 
white population in the early period, 
with the result that the proportion of 
nonwhites in the total population in- 
creases for some time before beginning 
to decline. This result holds even in the 
case of (5,Gen), where the reduction in 
white fertility occurs only after some 
time. Thus, in spite of a drastic reduc- 
tion in fertility and unchanging mortal- 
ity rates, the projected nonwhite popu- 
lation continues to grow, both absolutely 
and relatively, for a while. It therefore 
seems likely that the real nonwhite 
population will do the same in any 
probable future course of mortality and 
fertility rates. 

Concerning the particular question of 
"genocide," a quick arithmetic calcula- 
tion yields an interesting result. Projec- 
tion of the nonwhite population size to 
zero would involve infinity, so extinc- 
tion will be defined as that point when 
all that remains of the population is 
one couple who subsequently fail to 
replace themselves. Thus the problem is 
reduced to determining how long the 
projected population requires to de- 
crease to size two. The final, fixed rate 
of decrease is 0.28 percent per year, 
attained in the year 2100. From that 
point on, it would take approximately 
6015 years for the nonwhite population 
to become extinct. 

Conversely, what would be the con- 
sequences of unchecked growth of the 
nonwhite population while the white 
population progressed to zero growth? 
The modeling technique in this case is 
to keep nonwhite fertility levels up 
while reducing mortality. The assump- 
tions are shown in the second, third, 
and fourth columns of Table 10. The 
female life expectancy at birth is as- 
sumed to increase at the rapid rate of 
1.5 years each projection period until 
it attains 75 years, after which it in- 
creases by 6 months each period. The 
final level of 77.5 years is the same as 
in projections 1 through 5. The gross 
reproduction rate is assumed to re- 
main at the initial level 1(16), and 
the net reproduction rate consequently 
15 JUNE 1973 

Table 10. Selected features of the nonwhite "majority" projection (e, is female life expectancy 
at birth; G is gross reproduction rate; N is net reproduction rate). 

Modeling assumptions ouat on Average annual 
Period - atengrowth rate 

e, G N (f llions during period (millions) 

1965-70 67.5 1.94 1.80 26.1 1.91 
1970-75 69.0 1.94 1.82 29.1 2.16 
1975-80 70.5 1.94 1.84 32.7 2.36 
1980-85 72.0 1.94 1.86 36.8 2.43 
1985-90 73.5 1.94 1.87 41.5 2.41 
1990-95 75.0 1.92 1.88 46.7 2.41 
1995-2000 75.5 1.92 1.88 52.8 2.45 
2000-05 76.0 1.92 1.89 59.7 2.50 
2005-10 76.5 67.6 2.53 
2010-15 77.0 76.7 2.55 
2015-20 77.5 87.0 2.55 
2025-30 111.6 2.52 
2035-40 142.9 2.50 
2045-50 183.1 2.51 
2070-75 340.0 2.51 
2095-2100 631.1 2.51 
2120-25 1171.7 2.51 
2145-50 2175.4 2.51 

rises steadily to a final level of 1.89. 
As shown in the last two columns of 

Table 10, the projected nonwhite popu- 
lation (Maj) is characterized by a con- 
tinually rising rate of growth and a cor- 
respondingly rapid increase in size. 
When combined (Table 11) with pro- 
jections 1, 3, and 5 for the white 
population, this projected nonwhite 
population eventually assumes domi- 
nance of the demographic characteris- 
tics of the total population. The aver- 
age annual growth rates rise in the 
early period and then begin to fall, 
under the influence of the white seg- 
ment. But they begin to rise again after 
a while, this time under the influence 
of the rapidly growing nonwhite seg- 
ment. The size of the total population 
also increases steadily for all combina- 
tions. 

The proportion of nonwhites in the 
total population rises steadily in all 
combinations, since the projected non- 
white population continually grows 
faster than any of the projected white 
populations. The rate of increase in 
the percentage of nonwhites also in- 
creases as the white populations begin 
to stabilize at zero rates of growth 
while the nonwhite population contin- 
ues to grow at a relatively high rate. 
In all cases, the percentage of non- 
whites exceeds 50 after about 2065. 

A third issue to consider is the view 
(17) that the theme of population 
limitation is employed as a diversion- 
ary tactic. The basic argument runs as 
follows: in the long run, it will be 
necessary to limit the growth of the 
population; therefore, it might be use- 
ful to initiate now some action toward 

that goal. However, population growth 
is a long-range problem requiring long- 
range approaches and should therefore 
not occupy all, or even most, of the 
problem-solving resources of the so- 
ciety. Rather, attention should be ad- 
dressed to solving distributive problems, 
which are inflicting real hardships 
upon the excluded minorities on an im- 
mediate and continuing basis. Further- 
more, all the available data indicate 
that, as these minorities begin to par- 
ticipate more fully in society, their fer- 
tility rates begin to decline drasti- 
cally. For these reasons, primary em- 
phasis at this time should be placed not 
on the overall need for fertility reduc- 
tion, but on finding ways of making a 
fuller share of social amenities accessi- 
ble to these minorities. If the opposite 
emphasis is adopted, then the conclu- 
sion cannot be escaped that the issue 
of population growth and the need for 
fertility limitation are essentially a 
smokescreen for the more important 
problem of redistribution, which, for 
whatever reasons, appears more difficult 
to solve. 

The models that have been devel- 
oped here do not bear directly on this 
issue, but, by their nature, they provide 
some indirect commentary on it. These 
models have been concerned with the 
consequences of alternative future 
demographic trends on the part of the 
white and nonwhite segments of the 
population, given their history of 
marked differentials in vital rates. Thus 
the modeling process underscores the 
fact that distributive issues arise even 
in the technical consideration of long- 
term problems of population growth. A 

1149 



Table 11. Characteristics of the total population for given combinations of while population projections and the nonwhite "majority" projection. 

Combinations 

Period (1,Maj) (3,Maj) (5,Maj) 
Growth Size* Nonwhite Growth Size* Nonwhite Growth Size: Nonwhite 

rate (millions) (%) rate (millions) (%) rate (millions) (%) 

1965-70 0.71 204.4 12.8 1.04 207.8 12.6 1.06 208.1 12.5 
1970-75 0.86 213.2 13.6 1.14 220.0 13.2 1.20 220.8 13.2 
1975-80 0.99 223.8 14.6 1.22 233.7 14.0 1.30 235.5 13.9 
1980-85 1.01 235.1 15.6 1.20 247.9 14.8 1.30 251.0 14.7 
1985-90 0.92 246.1 16.9 1.11 261.8 15.8 1.23 266.8 15.6 
1990-95 0.82 256.2 18.2 1.02 275.3 17.0 1.17 282.7 16.5 
1995-2000 0.82 266.4 19.8 0.98 288.8 18.3 1.16 299.4 17.6 

2005-10 0.88 289.4 23.4 0.99 317.7 21.3 1.20 336.4 20.1 
2015-20 0.91 315.9 27.5 0.99 350.4 24.8 1.16 377.6 23.0 
2025-30 0.87 343.2 32.5 0.92 383.5 29.1 1.07 420.2 26.6 
2035-40 0.94 374.1 38.2 0.94 419.3 34.1 1.05 465.1 30.7 
2045-50 1.13 414.4 44.2 1.05 462.3 39.6 1.10 516.1 35.5 

2070-75 1.49 571.0 59.5 1.38 619.9 54.8 1.30 688.4 49.4 
2095-2100 1.84 861.7 73.2 1.74 910.6 69.3 1.62 983.0 64.2 
2120-25 2.10 1402.0 83.6 2.03 1450.8 80.8 1.93 1523.2 76.9 
2145-50 2.27 2405.3 90.4 2.22 2454.0 88.6 2.16 2526.3 86.1 

* Size of the total population at the end of the period. 

wide range of social and economic dif- far from predetermined, particularly in 
ferentials also exist between the white 
and nonwhite segments of the popula- 
tion. Therefore, a full view of popula- 
tion limitation problems must include 
systematic consideration of the inter- 
relations between the demographic dif- 
ferentials and the wider social and 
economic differentials. 

As the Commission on Popula- 
tion Growth and the American Future 
has concluded (2, p. 71): "This nation 
cannot hope to successfully address the 

question of future population without 
also addressing the complex network of 

unemployment, poor housing, poor 
health services, and poor education, all 
of which act upon, and react to, the 

pressures of population." 

Discussion 

The Commission on Population 
Growth and the American Future 
recommended in its report that the na- 
tion "welcome and plan for" eventual 
stabilization of the population. Con- 
sideration of the speed with which that 

goal may be achieved leads to ques- 
tions about the roles of the different 

segments of society in the process. In 
essence, do the demographic trends in 

segments of the population effectively 
contribute to or hinder rapid attain- 
ment of zero population growth? 

Thus arises a familiar problem (18): 
To what extent are the different groups 
willing to undertake measures such as 

rapid fertility reduction for the pur- 
pose of benefiting the society as. a 
whole? The answer to this question is 
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view of the exclusion and denial that 
have typified the relation of the non- 
white minority of the United States to 
the rest of the society. For example, it 
is not impossible to imagine minority 
opposition to fertility limitation among 
their populations for the express pur- 
pose of opposing officially sanctioned 
views. The population commission has 
noted (2, p. 61), in fact, that "popula- 
tion problems cannot be dealt with in 
isolation. Their solution depends upon 
understanding and voluntary actions by 
many of our people, and neither will be 
forthcoming in adequate degree from 
those who believe that government does 
not speak for them and does not 
respond to their needs." 

On the other hand, it is possible that 
fertility rates in all segments of the 
population might fall to replacement 
rates of their own accord, without any 
explicit attempts to influence them. 
Such a development would meet the 
requirement of the prevailing ethical 
view (19) that primacy be given to 
freedom of choice in the actualization 
of any approach to zero population 
growth, and some recent evidence (20) 
would seem to suggest the possibility 
of such a development for the near 
future. However, it is still quite pos- 
sible (21) that the fertility reduction 
necessary for attaining and maintain- 
ing zero population growth may not 
come about on a totally voluntary basis 
-at least, there is ample evidence (21, 
22) to warrant raising the question. If 
it should, in fact, turn out that fertility 
rates in some segments of the popula- 
tion failed to decrease to replacement 

levels-or, perhaps, failed to do so as 

rapidly as might be deemed desirable- 
what approaches would the society as 
a whole then adopt for coping with 
that situation? 
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Mexico City. Not far from this city's 
great central square is a brooding hulk 
of a colonial building that at one time 
or another has been home to as wide 
an array of scientific endeavor as any 
structure in the Western Hemisphere. 
The first tenants of the Palacio de 
Mineria, as the building is called, in- 
cluded Imperial Spain's school of mines 
in the 1790's. More recently, in fact up 
until the early 1950's, one large and 
rather gloomy room of the Palacio was 
occupied by a tiny band of half a dozen 
scientists, two or three technicians, and 
one secretary who together made up 
the national university's Institute of 
Physics. The institute, which busied it- 
self mainly with cosmic rays, in turn 
constituted most of Mexican physics re- 
search. 

Marcos Moshinsky, who was then 
a ycung physicist freshly graduated 
from Eugene Wigner's tutelage at 
Princeton, and has since become one 
of Mexico's best-known scientists, re- 
calls that physics then was strictly a 
15 JUNE 1973 
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shoestring affair. Equipment tended to- 
ward the primitive, even in its time, 
and some of it exhibited strange idio- 
syncrasies. "I once made a discovery 
that I never published," Moshinsky 
says with a wry smile. "Every time a 
trolley car went by outside, our Geiger 
counters showed the cosmic ray in- 
tensity going up." 

But that was 20 years ago, and 
physics, like most of the rest of sci- 
ence in Mexico, has come a long way 
up from the depths of poverty. If the 
gloom of the mining palace can be 
taken as a symbol of where science 
stood in those days, its counterpart 
today might be the government's new, 
$15 million nuclear research center at 
Salazar, 30 miles outside the Federal 
District, where university researchers 
have access to a reactor and a tandem 
Van de Graaff accelerator-both small 
but sophisticated-and a well-equipped 
collection of lallied laboratories. "Sala- 
zar is certainly comparable to what 
we have at M.I.T. right now," notes 
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William Buechner, a physicist at M.I.T., 
and a long-time acquaintance of Mo- 
shinsky's. 

The institute itself has long since 
moved to more spacious quarters on 
the university's sprawling, leafy cam- 
pus in the southern part of the city. 
And across town, physics research in 
the government's National Polytechnic 
Institute (Instituto Politecnico Na- 
cional or IPN), the nation's second 
largest school, is showing signs of 
healthy competition. 

In some ways physics has enjoyed a 
favored position, but its upward pro- 
gress nevertheless indicates in a general 
way how Mexican science has fared 
over the past two decades. In a word, 
progress has been a long, slow climb 
punctuated in the past 2 or 3 years 
with a breathless gallop. 

To be sure, Mexico is still a long 
way from plunging headfirst into big 
science. Pockets of poverty and serious 
manpower deficiencies remain; in 
1972, for example, the total expendi- 
ture from all sources for R & D was 
only $110 million. This amount and 
the overall size of its science com. 
munity are still small in comparison 
with such Latin American nations as 
Brazil, Argentina, and Venezuela. But 
even so, Mexican science is currently 
in the midst of a relative boom that 
in many ways reflects a new and posi- 
tive view toward science-a view in- 
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