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POPULATION AND ECONOMIC GROWTH™
Everett E. Hagen

I suspect that the disagreement that occasionslly arises emong
eccnomists or between economists and demographers concerning popus
lation growth theory and "the populatior problem" has two causes,

One is failure of commumication, resulting from unclear statement of
assumptions. The other is the persistence in ocur minds of Mslthusian
conclusions, even though we hzve forgotten the assumptions on which
they are based.

It should be possible to eliminate the sources of disagreement.
In this paper I distinguish three cases of population growth which
encompsss major aspects of the world's population experiencs; present
@n analytical modsl that seems consistent with all three; and compsre

its relevance to reality with that of the Malthusian modelo1 Section I

*1 am indebted to Harold J. Barnett, Ansley J. Coale, R. S.
Eckaus, B. H. Higgins, L. Lefeber, P. A. Samuelson, J. J. Spengler,
E. Sohmen, and Trevor Swan for helpful comments. Since some of them
hold hypotheses or lay stresses at variance with mine, the usual dis-
claimer io especizlly pertinent.

1. I do not deal with questions of optimum population size or

with factor proportions in a static setting, or with questions of
eyclical change in populztion growth rates,
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distinguishes the thrce cases. Section II discudses relevant histor-
ical dasa, and Section ITI presents the basic model. Section IV and
an algebraic appendix elaborate it to make it apf:ueablo to postdiorld
Wer II experience. Bection V contrasts it with the Malthusian model,

I. THREE CASES OF POPULATINN INCREASE

First consider population growth in low income (peasant) socie-
ties. In such societies, crude birth rates are virtuslly everywhere
above forty per thounnd.z Although higher birth rates are biologi-
cally possible, this is close to the practical maximum. Historically,
death rates have been slmust as high. Where population growth occurs
in such societies, it occurs because death rates fsll. Two causes of
' falling death rates msy be distinguished fairly sherply.

One is the introduction of modern public heslth messures and
other preventive medial measures. I shall term the resulting fall in
death rates exogenovs. The fall in death rates is followed only after
& lag of undetermincc but considerable length by a fall in birth rates.
In the interval population increases, or, if it was increasing

2. In Westorn Lurope, before the Industrial Revolution, late
marriages were common and crude birth rates were only about 35 per
thousand, Thjs difference may have predictive significance. I dise
cuss it briefiy below, note 32, page 28.
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previously, the rate of population growth rises,

The sscond 6ause is a rise in per capita 1neou.3 Mstorically,
there heve been two major causes of rise in sggregate income, the
- opening up of new territories and fechnolo’gic_al progress. The former
merely enlarges the scale of the €COnony, and permits 1t to. support
L Tech~
nological progress, however, in the general case directly increases

more persons, without directly affecting per cspita incoms.

per capits income. People live more healthfully, the death rate falls,
and population grows or the rate of population growth increases. If
it incresses until it equals the rate of growth in aggregste income,
per capita income of course eoaics tb rige.

Life expectancy in Western societies is consistent with a death
rate of fourteen or fifteen per thousand even with a stabilized age
distribution of the population; and crude death rates of four or five
per thousand are posgible with population concentrated in the lower

. 3. Of course the availability of nublic heslth and other pre-
ventive measgures constitutes a rise in income. The reference here is
to a rise in general purchesing power.

4. The filling of "empty lands" was conspicuous in Vestern ELur=
" ope during the Middle Ages and more recently in the history of the
 United States, Canada, /Austrelia, and New Zealand, and, after 1650,

" with the introduction of new crops, in China. Tn all of the recent
cases except China, continuing technological progress was of course
occcurring at the same time. Even where there is no progress in known
technology, there may of course be economies of scale which increase
productivity. I shall not discuss their relation to population.  The
reader will be able to apply the argument of Section III,
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. age groups, as is true for some time after death rates decline. With
birth rétcg between 4O and 4 per thousand, a decline in death rates
- to Western levels could bring population growth at the rate of 3%
" per thousand, or 3.5 percent, pefyear. This uxim:macﬁéal rate
~ of populetion increase is of importance for population tﬁepry.s
matinguiahing Mwaén pomlation‘g'rwth due to exogenous and to

income-induced declines in death rates is anslytically important.
Vhile the first is obviously a problem of great practical concern, I
~shall assert that the second has in the past been of no realistic im-
‘portanpe. This is true in the sense thet income-induced population

* growth has nowhere preventsd even a moderste rate of rise in the sg-
| grogate income of an oconéuw from bringing continuing rise in per
capita incone.® This 1s no cotncidence. A reasonable interpretation
_of history suggests a mechanism at wark which guaranteed that it would
not. do so, Ths relevant functions are changing, and whether the same
guarantee will hold good in the future is a complex guestion. I dis~

cuss it in Section III.

5. Birth rates of 50 or 55 per thousand are biologically pos=
- sible, and have prevailed in limited areas for periods of moderate
length. Thus & rate of population growth much higher than 3.5 percent
per year is concelvable, However, this rate may be taken as a prace
tical maximum, '

6. Of course income-induced population growth m
. ay prevent the
rise in per capita income from being as fast as it otherwise would be,
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The recent spurt in population growth in the Vest constitutes the
third case I shall discuss. Since World War II, population growth has
accelerated in the United States and Western Europe because of a new
phenomenon, a rise in birth rates. In the United States and at least
some Western Luropean countries, this rise is not simply the concen~
tration in the postwar period of births postponed from depression and
war, for it is characterized by th:?cr’eation of a far larger number
of third and fourth children than was previously customary. Further,
in some countries it is still continuing. This case of population
growth stands at one side of the historical trends that alarmed
Malthus and many subsequent analysts. I shall discuss it only to the
extent of suggesting possible alternative causes, and asking whether
any of them is inconsistent with my basic model.

II. HISTORICAL POPULATION GROWTHs THE DATA

The historical distinction between exogenous and induced popu~
lation growth is fairly clear. Exogenous declines in death rates have
attracted attention mainly since Vorld War II. Through technical
assistsnce from atroad, death rates in a considersble number of
peasant countries have fallen drastically, most abruptly of all in
Ceylon. Birth'rates have remained high, and as a result in recent
years population growth has been approximately three percent per year,
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or more, in Caylon,. Malaya, Mexico, Venezuela, “cuador, and several
Central American counf.rip: and Caribbean aress, and well above two
percent in a number of other countries, Because of the recency of
" the declines in death réteamength of the lag before birth rates
fall is unknown, except that it is mbﬁbly more than a deeado._7 In
the historical cases of less aéectacular fall in death rates, the lag
has been as long as several generations. If it should now be a genera=-
tion or longer, the effect on living levels in low=income countries
. Where rapid technological progress is not occurring mey be catastrophic.
Jt is not so widely observed that the alower but increased rate

of populstion growth in a number of peasant countries over a longer
period has been due to the same mechanism, From the beginning of the
Christian era to 1650, the aversge rats of growth of world population
- was in the neighborhood of 1/20 of one percent per year. It then

1 begen to rise, first in Western Europe, but during the last half of

_ the ninsteepth coutnry}:he peasant societies, which were then colonial,
The modal rate in peasant societies between 1900 and World Wer IT was
probably between .5 and one percent per year. While precise data are

7. The crude death rate in Ceylon, as recorded in the United
Nations Dem hic Yearbook, fell from 19.8 in 1945 to 1k.0 in 1947,
and contﬁnaﬁ §o‘m to below ten in 1956, The crude birth rate, which
remained between 38.L and 39.8 from 1546 to 1953, fell from 38,7 in
1953 to 35.7 in 1954, giving possible hope of a spectacularly short
lag. But in 1955 it was 37.3 and in 1956 36.4, thus quenching the
hope of a quick downward trend. Age-specific birth and death rates
for these recent years are not availsble, :'
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of course not available, historicel svidence indicates rather clearly
that the level of per capita incoms in such societies had not risen
before the rise in the population growth rate. There is also histori-
cal evidence that tha increased rate of population growth has resulted
specifically from gradual introduction of improved medical and health

8 Bacause some obmervers

~ practices under colontel administrations.
piﬁnt 40 this popvlation rise in peasant socisties as evidence that a
rise in per capiia income may be swamped by population growth, it'is
sworth vhile to nssert specifically that the rise in sggregate income
in peasant soc’etiea within the century before World War II was pre-

doﬁnntaly‘ a result, not a cause, of population growth. The forces

at work in tiese areas toncung to 1ncrease the income of the mass of
the population wers oxtramly weak, COIonial administrations did not
induce cont'nuing technological progress in the arsas they controlled.
Contiruing technologicsl progress begins uhen an adequate base of
scientifia-technical knowledge is available (2 conditioﬁ novw svery-
where fulfilled), and when socio-paychological changes have oceurred
such that 3 sufficient m;mber of the individuals of the society devote
their enerpies vi'.o problems of technclogical innovstion. Oertain con-

8. Ja China; by way of exceptilon, population growth presumably
resulted primarily from introduction from abrozd of the swest potato,
peanuts, and early-ripening rice, which permitted the settling of large
land areas that would not previovsly support populztion.



ditions of capital supply sre also necessary; they may be independent
conditions or may follow if the soclo=psychological conditions exist,’
During the nineteenth and twentieth centuries, these conditions came
to exist in twenty-some countries of the world. Coatinuing techno=
logical progress began, and broﬁght (an accelerated rate of) increase
in aggregste output. As this inorease got under way, per capita
income steadily rose. The death rate gradually declined, The rise in
income permitted maintenance of larger and larger families, if desired,
If the simple Malthusian model of population behavioriC is realistic,
| in each of these countries, as per capita income rose, st soms point
population growth should have reached a rate equal to the rate of
. growth in aggregate output, thus checking the rise in per capita ine
" ' come., Or, alternatively, if the rate of rise in aggregste output was
gso fast that it exceeded ﬁho' rul:latie maximm biological rate of

population growth--say 3.5 percent per yeare-population growth should

-

9. Soms economists believe that it begins when certain economic
barriers, bottlenecks, or vicious circles are broken, and ignore the
social and psychological factors. This difference of opinion concern=
ing the causal factors is not important for the present purpose, but
cit is mmm 4o note thsat tochnologicﬂ. progress, not merely capital
. formation, is in point.
o The hypothesis that sociospsychological changes are of central
importsnce does not rule out the necessity of political change, This
may in some cases be necessary in order that the new groups can be

free to act.

10. I use the term "simple Malthusian model" loosély here, Fur
. ; statomem of the essential elementa of the Malthuaian model,

11. See note S, above.



 have reached that rate,  The historicsl facts of income and popula-
tion growth will test the thesis,

T shall examine the facts only in countries in vhich a moderate or
rapid rate of rise in aggregate output (1.5 percent per year or mare)l
began before the end of the nineteenth century, since vhere it began
~ only in the twentieth century it is possible that population growth
has not yut reached its peak. There sre seventeen such countries, and |

only seventeen. Nowhere else in the world could popultiion growth
‘have checked rise in per capita income, because nowherc else (before
 1900) did an accelerated rate of increase 4n aggregate output cecur.n
. Professor Kuznets 4n a recent compilation presents dat: concerning
ngh of outpnt snd popuhtion for thn_'teen of t_hon ncvenioehou

' 12, I include Ireland even though its rate of inasrease in output
was slightly lewer,

13+ Obviously, population increase could not have prevented a
. rapid rise in aggregate output; it is favoradble.

Change. For the United Kingdom and 4: e Un . s tle period
covered by Kusnets' data may not be the periods of most rapid growth

%&gtxtput. liore rapid growth may have occurred earlier, i.e. before
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Table 1 presents the data, UWhile data for the growth of output in
the nineteenth century are not available for the other four cmﬁtﬁ.es,ls
it is clear from general historical comments about those countries
that the course of evenis in them paralleled that in the other jhirtoen.
In each country, the death rate fell as nutrition, health csre, stc.
improved. The rate of population growth would have approached the
biologicsl maximum if birth rates had simply remained at their pre-
vious level as income rose. Vhat happened?

lo Inno cotmix'y except the United States snd Canada~-where vast
‘empty lcnds cried out to be £illed=-did rise in income stimulate popu=
lation growth remotely spproaching that which Malthusian theory indi-
cates rising income should induee.. In no case except those of Yempty
lands" did the rate of population growth exceed 17.5 percent per de-
cade even for a single decado.."l‘6 The median peak decade rate among
the thirteen countries is 12.5 percent. Over the fifty years of fast-

est growth, the median is much lower.

15, Belgium, thc Netherlands, Norway, and New Zealand. For 21l
but Belgium Kuznets presents data for the twenticth century.,

In the twentieth century, rapid growth began in a number of other
count¥ies, for example, Czechoslovakia, Poland, lMexieo, “razil, Colombia,
and perhaps alen Hungary, Turkey, Argentina, end Chile. Some other
Latin American untries, and posgibly one or two elsewhere, might be
ad&d- ’

16, In Australia, New Zezland, the United States, and Cansds,
during an early pre-industrial period of filling empty lands, popu=
lation grouth reached higher rates than those shown in Table 1, bud
this growth is not relevant to the present argument,
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Table 1

Average Percentage Change per Decade, Population and Hatioxmlf Froduct,
(onstant Prices; Thirteen Developing Countries, Two Perlods, and Maximum
Decade Percentege Chenge in Populetiom.

W L) ) (5)

6
. I’ercar(xgzgre Chanpe per Decade Decade of _H‘}gk(mgt dp/dt
Country Period? National FPopulstion — Approximats Percantage
: Product , Dates® Change
Australia  1886/9L-19L5/sL  26° 17 D 1869-1879 2.k

Canada a)18?§/79;1950/5h L1.3 18.3 1£99-1909 30,2
b)1870/79-1905/1L  L7.1 17.8

Dommerk  a)1870/78-1950/54  30.1 1.5 19131923 17.5
| b)1870/78-190L/13  32.7 1.3

France a )18“41/50‘*191‘9/53 15 & 3 1. 3 1855“‘1865 IJ o7
b)18L1/50-1901/210  18.6 1.9

Germany  &)1860/69-1950/5L  27.L 10.1 1894-1904 15.2
b)1860/69-1905/1L,  35.6 11.5

Ireland- a)1860/69-19L9/53  12.8 «3.5 1938-19L8 0.0
Eire b)1865/69-190L/13  11.6 5.4

Toaly 8)1862/68-1950/8L  18.0
0)1862/68-190L/13  15.7

1923-1933 8.0

[

Japan a)1878/87.1950/5k  L2.3 1937-1947 .7

0)1878/87-1903/12 L9.2
Sweden  a)1861/68-1950/5k 36,0

L)

o 5?\; ~ O
O v N

1938~1948 12.5

o

©)1861/68..190L /13
Switger- &)1890/99-1939/48  21P 7 ¥ 1891913 10.5°
land

Russia- 2)1870 - 1954 31.0 13.4 1370-1885 15.3¢
U.5.5.R ©)1870 - 1913 27.7 15.7

United 8 )1860/69-1949/53 21.5 8.0 1869-1879 12.4
Kingdam b)1860/69-1905/2L  25.0 11.1

United 2)1860/69-2949/53  21.5 8.0 1873-1883 2k.7
States  b)1860/69-1905/14  25.0- 11,1

Source: Cols. © anc b, Kuznets, 10C, Cit., ADPORULX TADAEB by 15 9, 0.
13-15, 17-18; cols. 2.k, ibld., Teble &, sxcept fustrslia snd Switwerlsnd,
wlilch wore computed from Appendiz Tables 18 snd 5, respectively.

(For notes, sae next paga.)



Table 1 (continued)
@, Generally, Kusnets presents data for overlapping decades. His

population dsta are shown as for intervals from one overlapping decade
to anothers The dates given in col. 5 are the fifth years of the de-
cadeshe cites, ' '

b, The decade rate from the first to the last period covered, Other
percentages in these colums are trend line rates,

. G The decade rate for the 20=year period.
" d. The decade rate for the 16«year period,

2. In no country did the. rate of populstion growth approach
the rate of growth in aggregate output. In fact, in none except the
United States did the peak rate of populstion growth for a single de
cads approach the average rate of growth in output for the entire
fifty~ to one hundredeyear period covered; |

3. In England, thers is evidence concerning the rate of change
in aggregate income during the century before the period of most rapid
growth, The evidence indicates that  rise in sggregate income bee
gan slowly, then sccelerated only graduslly, Various studies give
conflicting evidence about the timing of rise in output within the
elghteanth century, but all indicate that over the century as a whols,
output rose. Phyllis Deane's estimates ind:léube an average rate of
growth for the century (which she thinks was concentrated in the first

hslf of the century) of sbout 15 percent per decads. Populstion growth
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~ failed to keep pace even with this:moderate rate; it rose by about six
pe roent per decede.d? Populetion growth did mot match Shet in
output even during an early period of‘a liow rate of growth from a
low level of income. ,

The evidence thus indicstes not merely that the expected *Malthusisn®
result did not occur generally, but that it did not occur snywhers. In-
stead, birth rates followed death rates downward long befare a maximum
~ rate of population increase had been reached, and both continued downe
ward until they reached secular minima.l8

These facts raise the important question whether technological
progress is apt to bring such faversble results wherever it bogim in
the future, The uniformity of the past result suggests that there was
& mechanism at work which necessarily caused it. In order to know
whether we may appropriately extrapolste in time, it is worth while to
inquire what thet mechanism may have been.

17. See two articles by Phyllis Deane in Eoonomic Develo and -’
- Cultural Ch ¢ ®The Implications of Esrly on noome o8
Tor the Measurement of Long-Term Economic Growth in the United Kingdom,"'
- IV (November 1955), 3-38, and "The Industrial Revolution and Economic
 Qrowth: The Lvidence of .arly British Netional Income Estimates,” V

- (January 1957), 159=174, Concerning other estimates of income or pro-

duction, see T. S. Ashton, An Sconomic History of ingland: The nth

Century (Barnes and Noble, New York, 1955), and sources clted E] %ﬁ ‘
18. See the sources cited by Kusnets, loc.cit.j or for a general

description of the trend see any standard demographic discussion, such

@8 R. R. Kuczynski, The Balance of Births and Deaths, 2 vols,, New
York, The MacMillan To., 1928-1931.



1
III, AN ANALYTICAL MOIEL

Figure 1 portrays the relevant model. Aggregate income is ine
dicated by Y, pqpulation by P, and & dotted syniao).‘repreaenta a first
derivative vith respect %o time. -Thus ¥ 1s the absolute increment in
aggregate income per time perlod,andi/! is the percentsge, i.e.,

B proportiom)., ehangq,per time period.. Inm per capita (Y/P, or y)
1s shown on the horizontal axis, and rates i/! and P/P (abstract nume_
bérs). on the vortical,.m For co%xvon,ignce, f/! is referred to as.v,
and I.’/P as r. B

A

vo

' Y ’ ; :

(o - L :
bl : ol N g

3 } [} [} 3

R ' I :

vy ' b '

;o ! b :

$h % a3 S5 G $s

Figure 1. The Simple "Nalthusimn" Model

- 19..“ Thoaxaa and f’/P or r curnm those of Figure 3a in
R. R. Nelson, "A Theory of the LowsLevel Equilibrium Trap in Undere -
developed Countries," American Economic Review, XLVI (December 1956),
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Full employment is sssumed, and for simplicity the level of
employment is sssumed %o bear a constant ratio to populstion. Output
is & function of capital and labor inputs only. "Land® will be intro-
duced later. A conventional produstion function snd constant returns
%o scahzo are assumcd, Each i/! or v function reflects a constant
state of the arts. Movement along a v function from a lower to a
higher y results solely from an increase in the ratio of capital
inputs (C) to lsbor inputa (P). An upward shift of the function re-
sults from technologicsl progress or an ubuard shift in the function
relating saving (8) to income or both.

The B/P or r curve is assumed to rise with rising y until it
reaches @ maximm set by blological Limitstions (the practicel maximum
rather than the highest conceivable level), after which it remainl
horisontal, The shape of the v curve depends on the operastion of the
" Yaw of variable proportions (in relation to variations in the c/p
ratio), the rate of saving at different per capita income lovels, the
rate of populstion growth at different per capita income levels, and

80li98, which seems to me the sharpest delineation in print of the
Malthusisn model. For two other articles that use the gravhic

device of rates on one axis to deal elegantly with problems of econcmic
growth, see R. M. Solow, "A Contribution to the Theory of Economic
Growth,® Quarterl.* Journal of Econanios: 1XX (February, 1956), 6591,

' and Trevor Swan, onomi¢ Ur an pital Formation,” Economic
Record, November 1956, 334-61.

20, A different assumption concerning returns to scale slightly

complicates the statement of the argument without affecting the
conclusions,
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returns to seale (here sssumed constant). The specific shape assumed
does not affect the argument here, so long as the curve intersects the
r curve from above, as in Figure 1.21 It must intersect thus to re-
flect the Halthusian assusption of a tendency for population incresse
%0 check the rise in per capita income. At any intersection of the
two curves y is oonstant, since v @ ¥, If the v curve intersects from

21. The more steeply the curve rises in the area to the right of
its intersection with the r curve, the less the upward shift necessary
for it to arch above the r curve, eliminating the low~income-level
intersection (intersecting far to the right as the v cwrve turns down
' again), and thus escaping the Malthusiasn low-income-levelesquilibrium
trap, Similarly, if the v curve arches upward sufficiently, at the
right of its intersection with the r curve, it may intersect the r
curve from below, creating an unstable equilibrium that will permit
escape from the low-levelwequilibrium trap if some force pushes the
system up beyond the point of unstasble equilibrium. (See R. R. Nelson,
loc. cit.) Since the empiricsl evidence indicates that the low=level
equilTbrt not escsped in either of these vays, we are interested

here only in the vicinity of the low=level equilibrium; hence
the precise shape of the curve is not important. _
The v curve has fairly complicated det s, For considere-

- tion of the two factor case, substitution of a ourve (ﬁ/l! = sY/K,
 where 8 = the ratio of saving to incoms) permits a more elegant dis~

. - cussion, but use of this curve becomes ummanageable when land is intro=-
- - duced into the argument. .

‘ It should be noted that each v curve is a long=run curve; i.e.,
. each assumes the prevalence throughout all income levels of the S/Y
 rate and the level of techniques associated with that curve.

* from cne curve to a higher one because of an increase in the S/Y rate

will'initially overshoot the higher curve and then asymptotically drop

- down to it. The initial path of movement following such a shift may
be concave upward over an interval during which the v curve itself is
concave downward, While the shape of the tims path, resulting from
the timing of the upward shift, will affect the path of movement of
the system over time, and therefore the level of aggregate income and
population at any given moment in time, it will not materially affect
the argument.
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sbove, as at T2 at any point to the left of the intersection v r,
thus raising y, while at any point to the right v {r, thus lowering y.
1.8., 3t ’1 there is a stable equilibrium in y, If by a fortunste
accldent, or a lump contribution of capital from outside the system,
y were raised above ¥, increase in population at a higher rate thanin
aggregate income would foroe it down again, This is the "Haltnnsm
income trap,"‘zz |

It is sssumed that zero saving and sero population growth occur
~at the same value of y. This sssumption, which is not in the least
necessary, satisfies the simplest form of the Malthusian notion of a
subsistence level of incoms, In Figure 1, let this point be 3.

Suppose now that through some exogenous force the v functioen
shifts upward. In this twoefactor model, v and r will reach a new
stable equilibrium,ss st y,. FPopulation, capital, and aggregate in-
come will increase indefinitely at a constant proportional rate,
while y remains constant at an increased level, If the intersection
is in the horizontal section of thc v curve, as at y3, then capital,
population and aggregatc income race upward at equal rates, and one'
equal also to the biological maximum possible rate of population ine
crease. The rapid increase in population (labor inputs) causes no

tendency for y to decline, since labor force increase runs into no

22, The phrase "Malthusien trap" is Nelson's loc. cit.
L] L]



scarce cooperant factor,

Suppose, howsvar, thet we assume the existence of a third factor,
land, which is sugmentable only at increasing cost per unit (or, if
you choose, is available in absolutely limited supply). Then the
value of v at any given level of y will dspend not only on the level
of techniques and the rate of saving, but also on the guantity of
capital and labor. As C and P increase, the productivity at the mergin
of increments of capital and labor (for convenience think of a2 combined
unit of capital and lsbor) will diminish after a point, snd after a ‘
further point v will fall. This fall in v without change in the ratio
of C to P constitutes a downward shift in the v a‘.‘n'm:!t'.:l.on.z3 This
downward shift, inevitable in the absence of a renewsd force tending
to push the function um#rd, will continue until y has returned to
the subsistence lcvel. |

* ~ Above somo level of y, there may be a "standard-of-1iving" effect
~on birth rates. In Figure 1, let ySL' be this point. Then if the v
curve shifts upward to the position v°, intersecting the r curve to
the right of Y51 88 at s the effect of sxperiencing fhisf lavel of
living will be to shift the r curve downward to the ,poait‘ibn'ro', ‘and
continued capital formation even without technical advance will cause
¥ to rise to y‘;. However, y W11 thereafter dacline, if the limitstion

23. And is to ba contrasted with movement along the curve be—
cause of change in the C/P ratio.
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on land supply continues to exert its influence, since that limita~
tion will press the v curve steadily downward and thus move y steadily
_ to the left.

I have referred to the decline in birth rates as due to a "standard-
of-living” effect. However, I use this term in a broad sense, It
should not be assumed that the direct operating force is necessarily
the incresse in per cspita income. The rise in per capita income is
 accompanied by a shift in the occupationsl composition of the labor
forcs, urbaniszation, and a decline in death rates. Somewhere within
this complex is the force that produces the "standard-of-living" ef-
fect; what component of the complex directly exercises the influence
on birth rates need not be examined st this point.

Historicslly, in no case as per canita income rose did the rate
of population growth reach (or approach) the practical biological
maximum, as the model requires, and in no case has per capita income
turned dowrwsrd secularly. We are looking for a mechenism thot will
explain these two phenomena. One is found in the assumption of con=
tinuing technologicsl progress, combined with certain plausible ase
sumptions about thc operation of the model.

Note first that eny single improvement in technology shifts the
v curve upward, for it increases the ocutput of a combination of eapi;
$al and labor inputs in the production of some produch, and theredby
increases both the increment of agoregate output each time that
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product (or an adaptation of it involving in some degree the same
method) is produced, and the likelihood that that product will be
chosen for production (its unit cost being reduced). Since this is
the effect of a single improvement in technology, continuing techno-
logical progress tends to push the v function continually upward.

But, as sketched above, at any lovel of income above subsistence
diminighing returns to capitsl and lcbor with respect to land exerts
downward pressure on the v function. This dowmvard pressure counters
in some degree the tendency to continual rise of the function., Fur-
ther, this downward pressure increases over time, since canitsl and
" labor increase in quantity over time. (The higher the level of the v
function, the more rapidly the downward prossure increases, since C and
L are increasing more r&idly.) Continuing technological progress
will therefore push the v functionupwerd for a time, but eventually
'(wifh‘ any given paces of technologicsl progress) the rise will gradu-
ally be halted and then gradually reversed, thus also gradually check-
ing and then reversing a rise in y. For a time, the position of the
v curve will be virtually constant,

The simple assumption of land pugmentability only at increasing
cost 1s not realistic. The model is more relevant to rcality if in-
stead it is sssumed that technologicsl progress increases the auantity
of land, making the upward or downward drift of the v function a
matter of the specific parameters employed. However, it may be well

PO |
L
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t0 carry through the snalysis on the assumption of land augmentable
only at increasing cost, since this is Malthus' assumption.

Let us now make the further assumption that a "standardeof-living
effect™ occurs at any level of incomes above the subsistence level, if
inoome is sustained above subsistence for a minmimum period (say the
period from early infancy to parenthood). There is no reason in
logic to assume any specific floor of per capita income, below which
the stendard-of-living effect doecs not occur, It follows that teche
nological progress st any rate whatever will csuse a standard-of-living
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| effect, unleas lgad stringency is 8o grest and technological progress
- 8o slight that the system rises from and then returns to the subsis-
tenoe level of .y within a few years. With a fastey rete of techno
logical progress, holding the :¥: function above subsistence for a
sufficient time, there will follow a decline of death and birth rates
 until both reach minims, after which a rise in per capite incoms
‘may continue. ) )
‘The process is illustrated in Figure 2. Let us assume for
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" Figure 2: The StMard«_-ot-Liyﬂsg Effect at a LoweIncome Level

graphical simplicity that the v function rises to its position 2 and

¢
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hovers at that level. The upward shift causcs a rise in y and r slong
the ry function to its interscction b with the v function. The rise
in r was of oourse via a fall in desth rates. But at the higher level
of y, aﬁer a leg birth rates will fall (the standardeof-living effect).
The resulting fall in the rate of population incresse constitutes a
fall in the r function, as to position Tpo T falls from b to o. }Sinoo
'risnwlmthanv, y snd r again rige, thiatimalongthorzm
%o its intersection d with the v, curve. A further standard-of-living
effect occurs, and the process is repested, r moving fromd to e to £
to g to h.zh Here the process stops, if we assume that h‘ﬁositim k
of the r function death rates and birth rates are at their minima, and
that at their minima r is sero or positives The determinants of a death
rate minimume-primerily the atate' of medical and health practices, in
peaceful times--nesd no discussion. The determinants of a birth rate
minimum sre less cloar. They are discussed shortly. Before death and
birth rates reached their minima, the system passed through a period
of oonsidorabla_popnlatim growth, but the characteristics of the
model gusaranteed that as aggrcogete output rose population growth would
not rise as fast, i.e., that per canita income would rise cumulatively.

Befors the system reaches point h, technological progress may have

2h. Vhile Figure 2 portrays the process as a "ratchét" effect,
the downward shift of the r function and the rightward shift of the
values may be expected ¢o be continuous.
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| created new land (new minerals, cheaper ways of extracting them from
low grade deposits, plutiog,' new energy sources), thus pushing all or
part of the v function upward; or may have created new substitutes
for labor (laboresaving inventions), thus flatteming out the concavity
downward of the function (raising the right-hand portion of the curve),
and pushing ‘the 11nteraecti.on h to the right. For one or both reasons,
the point h my receds rightward, and rise in per capita income may
continue. This has happensd to date in the technologically progres-
‘sive countries oi: the world, and the two tendencies show no evidence
of coming %o an end or even slowing down.

I suggest thst this model, not a Malthusian one, is the appro-
priate model for interpreting the population experience of the world
during its technological progress to dste. To make the model of more
general application, i.e. applicable where there is no technological
progress, we must incorporate in it the effects of exogarioua declines
in death rates. The incorporation is mechanically simple, but to
understand its significance, as well as to delineate clearly the na-
ture of the nﬂ.nimm position of the ‘® function, in Figure 2, it
twns out to bs necessary to examine carefully the nature of the
forces that cause declines in birth rates,

It would seem at first glance that exogenous declines in death
rates in peasant societies may be shown in Figure 1 by a vertical rise
of the r curve for aomeldistanco from the point ) then a turn
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or gradual change of direction to the northesst and continuancs to its
maximm level., Hovement up the vertical segment represents population
growth due to exogenous reduction in the death rate, and movement
along the rightward sloping segment of the curve represents Mthu
decline induced by rise in per capita income and not possible without
it.

However, _this representation is not quite correct., For the intro-
duction of improved medical and health measures reduces the subsistence
1level of living. It is now possible to subsist,‘ i.e. it 18 possible
for the population to just reproduce‘ itsclf, at a lower level of per
capit'a‘ income; Grachically, in Figure 1 the rate of population growth
rises vertically above the point . yq, and st the same time the r
curve, retaining its foﬁ‘m‘}}apefs glides to the left so that the
new rate of populstion growth remains on the curve, There is a new
- subsistence level of income somewhere to the left of  yj.
| Vhat happens thereafter depends in part on the precise nature of
the determinants of birth rateé_. No rise in per capita income has oc-
curred in the sodiety, except in the limited sense indicated in foote
noté 3. If decline in birth rates rcsults aololy. from a rise in

25, Of course the slope of the sloping segmeut may change. Vith
medical improvements of the sort introduced into low=income societies
in recent years, the horizontal segment of the curve will also shift
upward, because of a changed ege distribution and because of betier
health during child=besring yesrs, unless the new causes of death men-=-
tioned in the text appear in time to prevent the shif‘t.
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levels of living (a standard-of<living effect in a narrow sense), then
it will not occur unless simultaneously with or soon after the fall in
" desth ratcs, by coincidence there appears technological progress at a

rate sufficient that aggregate meom increases at a rate faster than
populstion, i.e., sufficient to raise the ‘mv function far enough so
thet its intersection with the r function in 1ts new position is at
a point to the right of y126. In many peasant societies wh:lda,';
have reocently experienced mogenaﬁa declines in death rates, the rate
of :u_xcreaao in aggregate income required would be more than three per-
cent per year.. In the absence of such a rate, which seems only a re-
mote possibility in the near future' in some of those countries, the
intersection of the vy and p cfxrves‘win be to the left of ¥ys
and per capita income will fall progressively until death rates have
fallen sufficiently, even in the presence of improved public health
and medical measures, to restore equilibrium. Starvation and diseases
associated with malnutrition will replace malaria, venereal discase,
etc., as major canses of death, Social revolution may occur firsf.
It will not directly rffect the birth rate. Of course voluntary con-
trol of birth rates may also occur first.

If the csusal force in the decline of birth rates is industriali-

zation and urbanization, much the same grim prospect exists. For

26. It is possible to assume that the rise in the rate of popu-
lation growth induces an equal or greater rise in w The assumption
however seems unrealistic and uninteresting, :
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while fl1ight to the cities is occurring, this is not urbanization in
the conventional sense, and probably will not have a sufficlent effect
on the birth rate aversge for the population as a whole to remedy the
situation sketched here. If, however, another alternative assumption
concerning the causal factors is correct, the prospect is somewhat dife
ferent. Let me make another set of two assumptions, fully consistent
with the h:tsfo’rical facts,

1. Assume that the level of birth rates is determined by that of
death rates., Birth rates are so adjusted to death rates that by in-
tention, at least two children of the typlcal family grow up to
parenthood. More precisely, since in view of the uncertaintics of hu-
man life to resr precisely two children to parenthood is to cut the
probabilities too fine, by intention somewhat more than two are raissd i
%o parenthood, Where death rates are st a level that birth rates can-
not exceed, this intention is of course frustirated, But where ccndi;
tions of sustenance permit, the basic longerun rate of population
growth 43 a fairly low positive rate, In equilibrium it does not tend
to rise above that. ("Fairly low" may be taken to refer to a rate
varying among different societies between say .5% and 1.3% per :,rea::'.?7

27. For consistency with the findings of modern social science,
we must assume that this minimum rate is culturally, not biogenically,
determined, Ireland and China may perhaps be tsken respectively as exe
trems cases of low and high tendency to population increase,
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This assumption provides a plausible explanation of the appareutea

tendency of birth rates not to fali until desth rates are below them
by at least the indicated differential.

2. This birth rate and size of family calculus is, however, not
primarily conscious and ratioml,ag but rather is primarily imbedded
in unconsclous motivesBo relating to sox and family inculcated in
children during their earliest 3,vea1:'s,31 and reinforced=-or altercd,
with resulting inner conflict--during adolescence. They relate to
the number of births, the death rate being a given fact of the environe
ment, Since thesec sex and progeny mores are transmitted unconzciously
by parents (and cthers), they may change very slowly, and the birth
rate may decline only with a lag of one or several generztions after
. the death rate declines,

If this is a correct description of the determinasnts of birth

rates, the so-called standard-of-living effect is not a direct function

28, Avalleble informstion is not sufficiently accurate for com=
plete cortainty. ‘

29, Though, of course, it is rationalized.

30, I use the word "motive™ here in its technical psychological
sense, as equivalent to the other technical terms "need," "motivation,®
or (as used by some psychologists) "drive." It does not refer to a
conscious purpose,

31. Perhaps during the "genital® period of the ages three %o six
years, vwhen the relationship that Freud termed the "family romance®
appears, Concerning this period, see o.g. 0. S, English end G. H. J.
Pearson, Emotional Problems of Living (New York, 1945). The spaculs=
4ion that this period may be important in the determination of femily
size is purely my own.
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of income lesel, but & result of the decline in desth rates, which
makes a reciced birth rate adequate for perpetuation of the family.

| We cra if we wish tentatively specify soms espects of the shape
of the friction determining the lag. It may vary inversely with the
speed an! conspicuousness of the fall in death rates, and it may have
& minirr 2 length equal to the period from age thres %o parenthood,

Tr.s set of assumptions is consistent with the historical evie
dence. Unfortunately, however, that evidence provides such meager
clues that various other assumptions are also consistent with it.
While the set stated above scems to me the most pléusible smong them,
this judgment is not suvbject to objective werification,.

If this set of hypotheses about the determinents of population
1y ease is correct, there is somewhat greater hope for avoiding popue
i¢ion catastrophe in the technologlcally static societies that have
t cently reduced their death rates sharply. Even so, if the minimum
) 3g between fall in death rates and that in birth rates is a genera~-

tion ‘or more, the prospect for a number of countries is unpleaean‘i‘..sz

32, Before the "vital revolution" associated with the Industrial
fevolution occurred in Western Europe, birth rates there were sround
35 per thousand, or almost ten per thousand below present birth rates
in present peasant societies. Some observers see in this fact a cule
ural (or, conceivably, biogenic) difference that bodes 111 for ihe
resent peasant societies. The higher birth rates of present peasant

cietiss result in a higher rate of population incresses for any given
ovel of death rates, This alene is cxtremely important. It is also
ssgible that the higher birth rates mey be associsted with a grester
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Through economic growth China is apparently escaping this threst, 1¢ AA?. 7D
economic growth is not achieved 4in India, a future populstion explosicn

may be very serious. The other countries involved are small,

The model presented here may or msy not be anplicsble to the very
long run., A word sbout the véry long run is in order. CZven at a rats
of growth of one percent per year, ‘i'.he' world's population would double
in 70 years, quadniple in 140, veach a mass equal to that of the earth
in a few thoussend yesrs, and so-on. But this fact does not seem %o me
the cause for alsrm that it appears to some observers. In the inter~
vening .period,. technology may have dsveloped s0 that subsistence and
energy are obtained from the entire kmown wniverss, or several such
universes, apd only one man in a thousand may be living on the earth.
Indeed, present trends suggest, if not specifically this, st leass
| that there is no reason to place any given limit on the creation of
new resources by technology. On the other hand, population functions
- may be radically different from those now opersting. Hence it seems
reasonable to be more concerncd with any of a dozen other world pro-

blems then with that of prospective "standing room only."

e SRS

resistance of birth rates to following death rates downward., On the
other hand, it is possible that birth rates in Gurope during the
Middle Ages, for which we have no dats, were also above forty; and
that the halting successive technological improvements of the Middle
Ages had reduced death ratcs for a sufficient time %o cause a fall in
birth rates to about 35, long befecre the continuing tecchnological im-
provement of the Industrial Revolution initiated further decline. If
80, there 18 no reason to assume any fundamental difference in behae
vior between present peasant socisties and Western Furope, though of
course variation among individual socleties is %o be expecied,
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IV, POPULATION GROVTH IN THE WeST SINCE WORLD VAR II

In prosenting the model, it remains to consider whether the rise
in birth rates in Western Europe and the ‘Un:lted‘ States after World War:
II 1s consistent with it. Darly in the postwar pariod, birth rates in
most Western suropean countries and in the United States rose to a
level not only sbove those of the deprcssed 1930!'s but also well above
those of the 1920's, which had been recgarded as the basic rates of
"mature” societies, The phenomenon has now continued so long, and
family sizes have 80 clearly increased, that at least part of the
dovoidpmnt must be regarded as reflecting some seculer czl'na‘nge‘,g‘a
A possible explanation is to assume that among the satisfactions %o
wh‘.lch an incresse in incoms from one generation to the next will be
devoted is that of having a larger number of progeny. A rise in ine
‘com® Will therefore tend to cause a rise in the population growth rate
above the basic long-run level via a declining death rate, if the
death rate is in fact declining, and via a rise in the birth rate if
the death rate is stationary and the margin betwsen the two provides
only the basic rate of growth. The effect is a function of the change

33, Crude birth rates sagged slightly during the period 1950-1955
throughout Western turope, but since this statistical phenomenon would
result merely from the increase in the pronortion of children in the
vonulatisog, 1t is not cortairn that age«sreeilic Art! retes Yave fallen
at s11, These ars not yet available for recent years, In England,
Finland, the Netherlands, and Sweden, a decline toc great to be ace
counted for in this way had occurred by 195k, v
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in income, not the level of income. The population growth rate tends
%o £all back to the basic level if the rise in ineome comes to an end,
aven though the higher level of incoms persists. Assumption of a lag
of a generation at the turnaround in birth rateé would explain the
continuing downward trend of birth rates after death rates in the
early decades of the twentieth century, sc that both were at minima
during the 1920's even though incomes were rising.
This explanation is rather forced. It assumes a purely rational
calculation, in addition to the rationslized version of unconscious
- motives assumed above. The two assumptions may be psychologicauy
contradictory. It may be that the recent rise in birth rates results
instead from a more immediate connection between creative energy end
sexual sctivity, and that the sources=-whatever 'i'.hey may be«=of the
creative energy which has lifted output rapidly after World War II are
also the sources of the current desire smong young parents for lsrger
femilies. So far as our unceriain historical knowledge indicates,
this latter hypothesis is consistent with the behavior of population
during early periods of industrialization. On the other hand, it can
be fitted 40 the facts of the 1920°'s only with soma difficulty.
..One may therefore have to resort to saying simply that the rise in
birth rates after World War IT constitutes a shift in the population
‘function, resulting perhaps from the successive streases of dspression,

war, and postwsr tensions. Whatever the irue reason for the poste
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World«War-II rise in the birth rate may be, any very penetrating ex-
planation of it will undoubtedly have to wait until the theory of per-
~ sonslity formation has advanced beyond its present state. But none of
the hypotheses that suggest themselves now are inconsistent with those
presented above relating to other aspects of population growth.

A model embodying the sssumptions presented in this section, ine
cluding the first alternative in paragraph L, is suggested in & mathe-
matical appendix,

V. THE MALTHUSIAN MODEL

The reader, if he has a Malthuslian model in mind, will have ob-
gserved that the model presented here differs from it in various par-
ticulars, This is obvious even though Malthus' presentation in
successive issues of the Essay and in the Supplement to the Fifth
Edition of the Encyclopedia Britannica varies sufficiently in speci-

fics and is sufficiently lacking in rigor so that it is difficult ¢o
reach an agreed-on simple statement of the model. But perhaps the
following five points, either because of explicit statement by Malthus
or by the requirements of the model, may be regarded as essential
points,

1. The birth rate is not influenced by the level of income, and
implicitly not by death rates, As a result, a decline in the death
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rate simply increases the rate of population increase, (Malthus does
not make clear the role of birth and death rates respectively in popu=
lation increase. The first sentence in this paregraph is an exivension
of his position rether than a aimplé statement of it.He asserts simply
that people tend to have &s large families as they can provide sube
sistence for,) |

2, Land is augmentable only at incressing cost.

3. A law of variable proportions operstes.

L. Some sort of restriction on capital accumulation operates,
so that capital accumulation cannot offset the limitation on quantity
of land sufficiently to prevent per capita income from falling as
population rises,

Ss Technology is constante~or, technological progress is not re-
lated in any causal wey to populstion growth, but if it occurs is only
a coincidental development that may for a time stave off the results
of diminishing returns. |

The initial statement of a model sssociated with Figure 1 incore
porates these sssumptions, with the exception that & neo-Malthuslan
standardeof-1living effect at a fairly high level of income is posited.
It follows, as it does from any rigorous formulation of a Malthusian
model, that if some force (not explained by the model) causes growth
in aggregate income, it can (in the absence of moral selfe-pestraint
concerning procraation) increase per capita income much above subsige
tence only if the rate of growth inmpregate income exceeds the maximum
possible rate of population growth, The unrealistic assumpiicns would
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rot be cbjectionsble 11' they resulted in an analysis that satisfac-"
torily explained reality. But the conclusion just stated contradicts
the central facts of population histery,

Important Malthusien strains have persisted in our thinking and
in university teaching. I suspsct that they have persisted largely
because the modsl predicis population growth, population growth has
occurred, and we have not had a satisfactory alternstive explanation,
It is of course important to retain the simplae notion that rise of
income above éubs‘lstcnce tends to result in population growth, Bm"z}
we need to analyze that growth by tools more relevant than the Mal-
thusisn ones, Even if the model presented here should prove uwnsatise
factory, the contradiction between Malthusian enalysis and the facts
of population history suggests that the Mslthusian model is en imped=
iment, not an aid, to our thinking ‘about ioopnlaﬁiong |



Algebraic Appendix

The model which has been outlined in Sections III and IV may be
described algebraically as follows:
Dy = Dy pM - (L

n Y1
where D = the ratio of deathé per year to total population

¥y = per capita incoms

t = the time period, measured in units of genersations,

n = a time interval measured in the same units, and

‘ M = the state of medical practice in the country, e.g. as
evaluated on an :;.ndex S} 8 world board of medicsl examiners.

B, = B: + B,: ' (2)
Bg = 3° (Dys Dy_ys ooe Di,‘.m) (3)
# . Ple .- 0. T | (h)
% el T el

where Bt =  the r‘atio of births per year to total population during
the generation t.

B: depends on the death rate in the previous generstion and on the

rate of change in the death rate during the previous g genersiionss and

Bf:, the component which is related to increase in inccme, depends on

35
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the rate of population growth not so related in the previous genera=
tion, and on the rate of increase in per canita income between the
previous generation and the present one, The max notation indicates
that there is a maximum to the increase-in-incoms effect.

Bom B- g ()
where Pte the ratio of increase in population per year to totsl
population,

The shape of the several functions may be indicated more specifi-

cally es follows:

D, = D(ygs ™ (1a)

B: =k+Dp g QD3 =D p) = £ (Dy3~ D) - (Dy3 = 0g) (3a)
where k = A‘R, a positive constant, 3£ 7, 3 yg + E

kefyt,ify.&<ya+E o

\ £ Xt £ &H, and §+ 7 + Q" = (approx.) l.

£ = [a- (8 - ) ol Gyt 7 (La)

where BP + B: $qgor Bg, whichever is the greater, and where tho tern
(B:d = Dy.3) is limted to the domsin between zero snd g inclusive,

and the term in the second sct of brackets to a domain having a maxi-
mum value of unity. In equations (3a) and (Le), £, 11, *'s g5 snd r

are positive constants, and Vo ® the subsistence level of per capita

incomeg
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¥ is the "basic" rate of population increase. In equilibrium,
the birth rate will in general exceed the death rate by this amount,
However, if y is at the subsistenée level, k becomes zero, and below
the subsistence level, becomes negative, If the death rate declined
during generation t-l or t-2, the excess of the birth rate over the
death rate will be greater than k., However, the effect of @ death
rate dacline in generation t-3 is virtually fully reflected in the
birth rate by generation t. If there has been no subsequent fall in
the death rate, Dy_o = Dy.3 = Dy, and, since § + §* + {** « (approx.) 1,
equation (3a) becomes: B: =k + Dg.

In equation (La), sinece B: is a product of the two terms in
brackets, it is zero if either is zero. The term in the first set of
brackets indicates that the change~ine-income effect on P does not add
to other factors to causelpopulation increass above a maximun q. The
term in the second set of brackets indicates that if per capita income
is identical with thet of the previocus generation, there is zero ef-
fect. If y§ > ¥g.)s the change-ine-income effect is of course negative,
To assume that r remsins constant if y declines is of course a hersic
simplification,

All of the parameters, being cultwrally determined, vary smong

societies,



