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VWhat ever their inmmediate goals (pills taken, IUDs in
pl ace, pregnanci es aborted) the ultimte objective of birth control
schenes is an i mprovenent in welfare. The question naturally arises,
t hen, of whether a best policy can be found, i.e., one that naxi-

m zes the inprovenent in welfare, and whether a correspondi ng
optinmal tine-path for the popul ati on exi sts.

Any attenpt to optim ze popul ation policy nust face a
difficult question of ethics: who is to be benefited by the policy?
Potenti al beneficiaries (called "clients" in Churchman's (1971)
tern) of population policies include the presently living genera-
tion, future generations, potential irmmigrants, and "unborn people"--
who are in a sense candidates to be born. As we shall see, de-
pendi ng on whose welfare is to be uppernopst, nmany possi ble optinal
policies nay exist, each quite different fromthe rest. The choice
of policy instrunents is also an ethical problem For exanple, a
schene relying on econom c sanctions to influence fertility has a
different ethical basis fromone that attenpts to manipul ate
attitudes to famly size. The optinmal population trajectories in
the two cases would al so be quite different.

The few papers that have appeared in the area of opti nal
popul ati on policy have bound thensel ves at the outset to a rigid

set of assunptions about welfare, social preferences, and birth



control schenes. ' They have nmade little attenpt to eval uate the
inplications for optinmal policy of the choice of assumptions. What
is needed to study these inplications is a theoretical franmework
in which initial assunptions are arbitrary and the resulting
optimal policies can be conpared and anal yzed. Such a franework
woul d have to recogni ze the inportant dynanm c aspect of popul ation
probl ens. Over tine, preferences, institutions and popul ati on
structures change, the econony grows, and the spectrum of possible
policy instrunents wi dens. Any static analysis would severely
distort the problem

The framework we propose is based on nobdern optimal con-
trol theory, which is well suited to dealing with dynam c processes
such as popul ation growth. A control theoretic formulation can
t ake account of the changi ng character of societies' needs and in-
stitutions, as well as the intricate interactions anong popul ati on,
the environnent and the econony. Technical and political limta-
tions on control prograns are easily incorporated, as is the avail -
abl e knowl edge of the fertility response to various forms of ex-
pendi t ures on popul ati on control.

The first part of this paper will develop a contro
theoretic framework as a broad general setting for the policy
problem The second part exam nes the inplications for optimal

'See, for exanple, Dasgupta (1969), Pitchford (1968)
and Votey (1971).



policy of different ethical positions, welfare preferences, and
birth control schemes. W do this in the context of illustrative
Nnumerical, examples, since closed form solutions are not avai l abl e
when the problem passes an el enentary | evel. The framework, how-
ever, still allows sone analytical insight into the tradeoffs which.

determ ne the optinal path.



GENERAL THEORETI CAL FORVAT

We shall first set up the policy problemin fairly gen-
eral, abstract terns and afterwards give specific exanples of the
format in practical use.

Popul ation policy is to he optim zed within the context
of an interacting and changi ng system which includes the popul a-
tion, the econony and the environnent. The system nay be repre-
sented by the set fx(t),y(t),t) where x(t) is an n-di nensi ona
vector that describes the state of the systemat tinet , and
y(t) is an mdinmensional vector of policy instrunment variables at
tine t. In a practical application, state variables, x(t) ,

m ght include popul ation size and distribution, the birth rate,
and national incone; policy variables, y(t) , mght include the
interest rate, public expenditures on birth control prograns, the
rate of immigration, and so on. The proper choice of variables
wi || depend upon the nature of the particular problem under study.

The behavi oral dynami cs of the systemare given by the

set of n differential equations

= fx(t),y(t),t7 (1)

These equations m ght represent popul ation growh, capital accunul a-

tion, etc. The state and control variables are constrai ned by



Q x(1).,y(D),t] <° | (2

for example, budgetary linmitations or political restraints on

control,

Obj ective Criterion
For social policy problens, a convenient objective crite-

rlon would be the "anmpbunt of welfare"” received in the arbitrary

2
time period (to,tsf). IT U is a neasure of the per-capita wel -

farerate, and wW(t) weights welfare at tinme t , the objective

function is:

J =0 W)Y () V() L t]dt 3 (3)
to

in nost of this paper, for conveni ence we shall assune wW(t) is

exp[ -p (t-t0)]

21{ere, we assume that intertenporal welfare is conparable,
i.e., that welfare can be integrated over a tine period.

3Under certain assunptions on therationality of social
choice it is inpossible to find a welfarefunction that represents
society as a whole. (See Sen (1970), Arrow (1951)). W are in-
terested iNnthe policy inplications of a given welfare criterion;
hence, we do not require that the criterion represent society.
(A sufficient assunption for Uto represent society i.s that each
person have the same pref erence ordering and that the components
of welfare be homogeneously distributed over society.)



The above approach assunes that the welfare rate
Ux,y,t) is well defined in terms of the system vari abl es- - popul a-
tion, capital stock, immgration, etc. Howevcr, it is difficult
to formulate a cardinal utility function directly in terms of these
variables. For convenience in constructing a welfare criterion we
shall assune that welfare is a function of several factors which
together are inmportant to "quality of life." We need include only
t hose conponents of "quality of life" that can be influenced by
changes in the policy variables. Exanples might be standard of
living, crowding, quality of the environnent, etc. Denoting these

wel fare factors by Fi1,...,Fx , U becomes

U= UFI(t),..., Fk{t))

These factors are vague entities, however. W wll,

t heref ore, suppose that each can be represented by an index func-
tion defined in terms of the systemvariables (see Arthur, 1972).
Corresponding to the underlying factor F(t) would be the index
function A; (x,y,t). The indices, A; , are chosen carefully to
capture what is inLuitively understood by F . If popul ation,

GNP, and capital investnment are anong the system variables, for
exanpl e, the welfare factor "standard of |iving" could be repre-
sented roughly by the index per capita GNP, a sonewhat better index

woul d be per capita consunpti on.



Thewel fare rate in the "index space" is now
U= UA,..., Ak

Provi di ng the indices are independent, first order wel--

fare changes due to a snmll change in a state variable, xij(t)

, or
control variable, y.(t) , are given respectively by
DA
all DU 1 aU aA2 + aU DAk
fix. aAl 3x &AL\ 2x1 DA ax | =B D
U auaAal atl ™ au aAk ()
By _aAl\ ay. + a”A D)ﬁ. + "+ & A ay.J
: J

That is, a marginal additional unit of a system variable my
affect each welfare index. This in turn changes the welfare rate,
U, according to equations (4) or (5). The partials DU/’\Al, may
be regarded as the relative preferences for a nargi nal unit of

each wel f are factor.

“The pref erences nay change over tinme and al so depend on
the value of the indices. Hence, we should wite
OUI Ay, -.. Ax),t] /?A. . For notational ssimplicity we shall ssimply
wite DU ™A, , and assune the argunent is understood, Throughout
this paper we shall drop tinme argunents, unless they are necessary
for clarity. E.g., we shall wite U(x,y,t) for Ux(t),y(t),t]



The Policy Problem
In summary, the franework we intend to use to study opti-
mal popul ation policy is as follows. W nust choose a policy tra-

jectory y(t) to naxinize

ft
* WO)IT(AL,,..,ANc!t

to
where f(x,y,t) - system dynamics,
C(x,y,t) <0 - constraints,
and A = A (x,y,t) - wel fare indices.

Necessary Conditions for Optimality

If there are no constraints present, the above control
probl em becones a cl assi cal Boiza problem By introducing an
n-di nensi onal vector of adjoint variables, A(t) (where A cor-
responds to the system equation x,, = f.; , it is easy to show that
an optimal policy, y (t) , will satisfy the foll owi ng necessary

conditions (see, for exanple, Bryson and Ho, 1969):

x=f(x’y't) (A)



(t) ax® + A (D ><¢ (B)
n 1
wher e X(tf) =0
aA an.
a= aU_ a (v (9
ay j ny

The vector notation here is concise. There are n dynani c e€qua-
tions (A), n corresponding adjoint equations (B), and m opti mal -
ity equations (C). These relations can give sone insight into what
constitutes optimality in popul ation policy. °

Dynamic. equations . The conditions (A) state that the dynanm c equa
tions nust hol d. This, of course, is true whether the policy is
opti mal or not.

Ad | oi nt equati ons. Thetheory shows that we can interpret the
adj oi nt vari abl e aw(t) as the value of a unit margi nal increase

in the state variable x, at tinet , if control is kept unchanged,
For exanple, if the variable x; is capital stock, Xi(t) wll

be the value of an extra unit of capital stock at tinet . in

order that the adjoint variables nay be interpreted as val ues or

prices, they nust, by the theory, be determ ned according to (B).

SFor nore details on interpreting the necessary conditions,
especially the ad joint equations, see Arthur (1972).



Optimality conditions . If a policy y(t) is optinmal, adjustnents
in the policy trajectory can cause no further inprovenent i.n tota
welfare in (to,t€) . Adjustnents in policy have two effects.
First, they have an inmmedi ate inpact on the welfare rate, repre-
sent ed by %%;AAAAAA%K__ Ay For exanple, they nmay cost noney

whi ch woul d | ower consumption. Secondly, acting through the dynam c

equations, policy adjustnents cause changes in the state vari -
af]
abler, valued at ~ j 4 For exanple, a policy which reduces

t he popul ation growmh rate causes fewer people to be present in
the systemat a later date. An optimal policy bal ances the net
short-termwel fare effects against the net long-termeffects. O,
from anot her point of view, it bal ances private agai nst soci al

costs and benefits.

Exanpl e

Let us examine optimality in a sinple system Suppose
that the government of an underdevel oped country is pursuing an
optimal birth control. policy by nmeans of a fanmily-planning program
The policy variable is, say, annual expenditure on birth control
An increase in famly-planning expenditures has several effects:
in the short run it reduces consunption and aT_so the dependency
burden of children; in the long run it causes fewer people to be
in the system and a |l ower stock of capital than otherw se. Be-

cause the expenditure schedule is optimal, a marginal expenditure

10



increase would not be worth malting. Benefits due to the decreased
dependency burden and fewer future people would be offset by | osses
in con,sHmMpt ion and industrial growth. Agai.n, since the expenditure
trajectory has been assuned optimal, decreases in famly planning
expendi tures woul d not be worth neking. Thus, along an opti nal

traj ectory, these private and social welfare effects nust bal ance
each other. These optinmality tradeoffs can al so be shown anal yti -

cally, by nmeans of the optinmality conditions (CO).

Q‘tima] . Poli o and Over ulation

Suppose we define a society to be ove rpopulated if, at
timet , the per-capita welfare rate could be increased by a nar-
ginal reduction in popul ation, (Obviously our definition of over
popul ation is relative to the chosen welfare function U.) A
soci ety nay be overpopul ated in this sense, and yet the opti mal
policy mght well be to [ncrease the population |evel. The optinal
policy most consi der not only present welfare, but future welfare
as well. For, exanple, reducing population in the present nay cause
a fall in investnment, so that future econonic |osses night outweigh
present wel fare gains. Popul ati on should be increased. Sinilarily,

it is easy to i magi ne circunstances where an under popul ated_country

®For nore detail ed exanples, see Arthur (1972) and the
appendix of Mc173icoll (1971) .

11



shoul d decrease its population. In the control theory fornulation
such intertenporal tradeoffs stand out clearly in the optimality
condi tions.

We shall now choose variabl es, dynami c rel ati onshi ps,
and wel fare assunptions in a sinplified systemto illustrate the

control -theoretic format in use.

A SI MPLE | LLUSTRATI VE EXANMPLE
W will consider an extrenely sinple nodel with a hono-
geneous popul ati on and a one-good econony. The state variabl es of
the systemare the population size (L) and capital stock (K); the
single policy variable is the growh rate of population, n . The

average propensity to save (s) is constant.

oj ective Function

Suppose that the psychic conponents of welfare that have
rel evance to popul ation policy are the foll ow ng:

1. material standard of |iving;

2. perceived degree of crowdedness;

3. state of the physical environment;

4. extent of realization of famly size goals.
O hers could be listed, but these are probably the nost inportant

in an industrialized country.

12



I ndex Functions, A; , nmust be chosen for each of the
four wel fare conponents |isted above. Since the policy situation
is sensitive to the functional form of each index, care nust be

exercised in their selection.?

St andard of Per capita consunption, defined by

C= (1-s)F/L

where F is total output, is a conventional but fairly adequate
i ndex of the average standard of |iving. W assune that urcs>o
and 2U/ ¢c?2 <0.

indices for the other factors are | ess obvious.

Percei ved crowding __ This welfare conmponent is highly subjective,
with a substantial cultural elenent involved. For the purpose of
our exanple, however, the psychic welfare due to the presence of

other people in the systemwill be linked to the sinple index;

"Details of the index functions and paraneter val ues used
in this exanple are given in the appendi x.

13



8

aver age popul ation density (D . W& assune that hunmans have sonv

desire for the conpany of others, but welfare falls beyond a

certain level of density ( 2U 3D? < 0)

State of the environment — By this index we nean to reflect the
psychic wel fare costs due to environnental degradation that is
irreversible within a realistic tinme horizon, irreversible degra-
dation may cover, for exanple, changes in atnospheric composition
i ncrease in background radi ation, pollution of the oceans, and
alienation of unique natural areas. We will assune that, to a

great extent, this degradation is an inevitable concom tant of

8Even ignoring culture as being exogenous to the system
the problem of defining the welfare inpact of crowding is compl ex.
The | evel and speed of urbanization, the geographical nmobility of
t he popul ati on, the provision of space-intensive recreation facil -
i.ties, an.d urban and suburban pl anni ng, are anpong the significant
factors that should be considered. In support of the index chosen
we would note that if city sizes over a nation are approxi mately
di stributed according to a Pareto distribution (the so-called "rank-
size rule"), which is generally the case, then the expected size of
the city in which a randomly chosen person lives increases in direct
proportion to the average popul ati on density in the nation. More-
over, there is sone evidence of stress responses to density in
human popul ati ons and to the reduced accessibility of open spaces,
whet her or not they were ever utilized, As city size grows, urban
density also generally rises and accessi bl e open space per capita
di m ni shes.

14



econom ¢ growth, and therefore Lake the size of the econony, i.e.

GNP, as the index of the environnental contribution to welfare

9
(B). Natiirally, ilk/}F i s negative.

Realization of fanily-size goals __Sone popul ation policies my

cause a devi ation between desired and actual famly size. To nea-
sure the degree to which fanmly size goals are realized, the nost
straightforward i ndex would be the average nunber of births fore-
gone (B), i.e., the difference between desired and actual average
births per fanmily. The growth rate corresponding to the desired
famly size is denoted n. W assune that welfare falls as parents
are less able to realize their famly-size goals: aU DB is
negative.

To obtain sanple values for the relative preferences be-
tween welfare components, au/~C , au/3 D , DU/aB , we have ques-
tioned coll eagues as to their tradeoffs between nmarginal consunp-
tion, crowding, famly-size, etc. The results, together with their

inplications for the function U, are listed in the appendi x.

°1f we roughly separate environnental changes into "stock
effects" and "flow effects” (which is admttedly to dichotomn ze a
continuum), then E refers only to the former. The fl ow conponent,
meaning the currently produced effluent of i ndustry--the water,
air ;ind noise polluli.on of everyday concern--we assune could be
largely elimnated by the appropriate diversion of resources (im
pel l ed by legislation), albeit at an ultimte cost to the consuner.

15



System Dynani cs
The dynanics of this system exanple are sinple. W assune
for conveni ence a Cobb-Dougl as producti on function with neutral

technol ogi cal progress at a rate r

, A = const ant

where a , 3 are the output elasticities of capital and | abor

I nvest ment funds sF are distributed to capital growmth k and
depreciation. 5K, where 6 is the constant rate of decay of

capital. Population, L(t) , grows according to the sinple |aw
L =nL,

where n is the population growmth rate.

Popul ation policy will be exercised by direct nanipulation
of n, involving no costs other than the "psychic costs" that
enter the welfare function. Such a policy need not be dictatorial
Hardin's (1968) "mutural coercion nutually agreed upon," in sone
relatively mld form would suffice. But clearly other nechani sns

are possible--this question will be taken up in a later section

The Probl em

The optimal policy problemfor this sinpli exanple can

now he st ated

16



tf

o -P( t)
Maxi m ze e -

n(t) JtO

U(C, D, E, B) dt (6)

where C, D, E, B are the indices specified above,

subj ect to
L) = n(t)L () , L(0) =L« ~— =— >
and
€C(1) = sAe "t KO (D)L (b) - 6K (1) , K(0) =Kg . (8

As paraneters and initial values we take the foll ow ng,
whi ch would be simlar to those of the US, circa 1970 if it were

to conformto this crude npdel

L(0) = 2x10°8 a = .25
K(0) _$3x10™ _ .75
n = .0 r = .02
A = 450 s = .04
S = .15 P = .03

(A is expressed in the appropriate normalizing units.)

Tradeoffs on the Optimal Trajectory
What are the optimality tradeoffs in this exanple? The

optimality condition (C), when applied to this nodel, gives

17



-ptrUaC  Ltutp—L"UaE au 13
e aC3n.+DDan+"~"Er)n+"Bn

+a, ()3L + a,(t) < = 0. (9)

The growh rate, n , is not an argunent of C, D, E and K
Hence, the partials dC/an , abD/Bn , BE/ an and BK/Bn are zero.
(C, Db E and K do, however, help determ ne the val ue of an addi-
tional person, X,_ , and of marginal capital, Ax .) Equation (9)

reduces to
e tay 2B + t 0. 10
ay3” ﬁ-()Dn (10)

Here, the popul ation growth rate is optimzed when, for a margi na
decrease in the growh rate, private parental |osses are offset
by the benefits of having fewer people in the system as val ued
by 1L

We have devel oped a gradient algorithmto cal cul ate

optimal trajectories of the systemvariables in this nodel over a

200 year period. Figure 1 shows the optinal tine-paths of popul a-
tion and the growth rate, and the "value” of marginal capital, X

and margi nal people, X_ .10

10
In this sinple exanple, L is taken to be a scal ar.

in a nore realistic nodel, the popul ation age structure would be
recogni zed, and the broad fluctuations that a nQ-stable age distri-
bution cause in the total population trajectory would significantly

i nfluence the results. In. particular, the | ocal naxi mum popul ati on
after 60 years, shown in Fig. la, could be nmuch greater if the ini-
tial net reproduction rate is greater than one, due to the "nonentuni
of the age distribution. An immediate drop in U S. fertility rates
to replacenent level, for exanple, would inply an ultinmate stationary
popul ati on of over 270 million (Keyfitz, 1971).

18



FIGURE 1

Optimal tinme paths in basic node].: (a) popul ation, L, and popul a-
tion growth rate, n; (b) value of marginal capital, A , and value
of a margi nal person, A
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In this exampl e, the value of a marginal unit of capital,
is positive at the beginning of the period. For consunption

purposes it is worthwhile for the system to accumulate capital.
However, as the econony grows, adverse environnental. effects begin
to dominate and the val ue of extra capita]. to the system becones
negative. Additional people, on the other hand, are detrinental to
this system t hroughout the whol e period. An additional person
| owers per-capita consunption, increases crowding and, through his
impact on econom ¢ growt h, produces further environnental
deterioration. Near the end of the time period there is little
time left for the margi nal person to contribute adversely to wel -
fare; thus his "value" is near zero. Going back towardst, , the
person has longer to contribute and his "value, * A_ , will becone
progressively nore negative. One nitigating effect on the val ue
of an additional person is his potential to speed the accunul ation
of capital, provided that capital is valued positively--asit is
inthe early part of the program

W can now see how the optina]. trajectory developsin
this example. Al t hough peopl e are negatively val ued, parenta
desires for children keep the popul ation growing near its normal
rate. As tinme goes on the parental desires of future generations
are weighted progressively | ess by exp - pt (see equation (10))
and | arge popul ati ons nake snmal|l changes in popul ation growh very

effective. The population trajectory turns down. Near the end

20



of the period, since this nodel, ignores welfare .after time t , ,
there is no point in keeping the popul ati on down - -parental w shes
agai n predom nate.

Naturally, this is not the only possible nodel, but it
does illustrate some of the conplex tradeoffs which occur even in
a highly sinplified situation. Extensions can be incorporated
fairly easily. For exanple, the savings rate s can he taken as
a policy instrunent in addition to n, and a ternmi nal constraint
i nposed in the formof a nmininmum perm ssible |evel of capital
K(t+) .

In the next part of the paper we shall use the theoreti-
cal franework to study the sensitivity of optinal policy to the
choice of welfare ethic, to social preferences, arid to various
popul ation control. schenes. Again we intend to usesinplified
exanpl es simlar to that presented above toO provide insight into
sonme nmmj or issues involved in population policy. The di scussion
falls naturally into three sections: the policy implications of
broad et hical assunptions; of social preferences; andof specific

birth control. prograns.

21



ETH CAL ASSUMPTI ONS

Several of the basic issues raised by population policy
are ethical in nature, although often debated in political terns.
These problens cone to theforewhen we try to choose a suitable

wel fare criterion

The Bent ham debate

Mbst ethical problenms arisein the task of specifying
who the beneficiaries of the policy should be. The nuch di scussed
Bent hanmite question can be phrased in terns of the striking neta-
phor used by Malthus i.n,the third edition Of the Essay . to what
extent, if any, should the welfare of those now at "Nature's feast”
be sacrificed to adnmit nore participants? A per-capita welfare
criterion naximzes the welfare of only those already present in
the system New entrants (babies or inmmgrants) would be admtted
only if their presence added to the welfare of those already

present. On theother hand, a total welfare criterion, where per-

capita welfare is weighted by the popul ation size, also considers

1A nore conpl ete discussion of these questions is given
in McN coll (1971).

22



the welfare, of the potential entrant, This is o ten called the
Benthamte criterion

Using the sinple systemof the previous section, Figure
2 comparesthe optitial. trajectories under the two ethics--per capita
and Benthanite. *® The difference between the two trajectories is
quite striking, We have al so included the uncontrolled "natural”
trajectory of this system As one m ght guess, when we consi der
the welfare of potential entrants, a considerably higher optinal
popul ation trajectory results. Under the per-capita ethic the
val ue of a marginal person, a; , was negative throughout, The
sanme systemwith a Benthamte ethic values the margi nal person
positively at the beginning. This is because the now entrant's
wel fare gain is not offset by the present and future | osses to the
rest of society. Now parents nust undergo sacrifices so that the
wel fare of the potential entrant is realized--they nust have nore
children than they desire, Eventually, crowding and envi _ronneni:a

deterioration dimnish the welfare gain of the new entrant; societa

12
Technically, we can wite the total welfare or

t t f

Benthamite criterion as L(t)Ww(t)dt , where "Yt)dt is the
t o dl— -«

per-capita criterion

1n this and subsequent diagrans, only the first 100 of
the 200 year conputed trajectories are shown.
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Optimal tinme paths under per capita and Benthanmite welfare
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| osses predoni nate and parents must forego children. The trajectory
turns down, but at a much higher (and |less well-off) popul ati on

t han before.

Intertenporal Lality

A different aspect of the client problemis the question
of assigning relative weights to thewelfare o:f future generations.
This issue of intertenporal equity can enter our fornulation very
sinmply through the choice of W(t) in (3), that is, through the
time discount rate. In the previous nunerical exanples, we arbi-
trarily chosea discount rate of three percent. This would inply
that the wel fare of the "next generation"--'the popul ation in, say,
24 years' time--is worth only half thewelfare of the present
gener ation. 15

To give an indication of the significance of the inter-
tenporal equity problem we have taken two nei ghboring val ues, one

percent and five percent, and conputed the opti mal popul ation

141t can be shown that the (decreasing) value of the mar-
gi nal person passes through zero at the point in thetrajectory
when parents have exactly the fam ly-size they desire.

I5It i's an open question whether any discounting of future
wel fare shoul d be nade. Note that we approach this problemfroma
wel f are perspective, in which even a 3% rate is a strong assunpti on
about intergenerational equity. D scount rates of the order of
10% as found in cost-benefit anal yses of public projects, are jus-
tified as being the opportunity costs of the resources utilized.
froman equity standpoint, however, acceptance of such rates would
be to weight all future generations out of the problem
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trajectories under the same assumptionsasinthe original exanple
(with the per capita criterion). Figure 3 shows the results, to-
gether with the internedi ate case of three percent discounting from
Figure la. Froman initial population of 200 mllion, the difference
bet ween the one percent and five percent assunption is 84 mllion
after 50 years, 170 nmillion after 100 years. Five percent is stil

a very nodest discount rate, yet under it the popul ati on never
decreases: the generation presently living can virtually ignore

adverse effects of future generations.

Further Ethical Issues

A different ethical problemis that of whether the govern-
nment or planning body has the right to attenpt any manipul ati on of
tastes or attitudes in achieving birth control. Mst governnents,
as well as the U N., enphasize the parents' right to determine their
fanmily size. The parent is accorded "consumer sovereignty." '® How-
ever, fertility nornms depend on a social and institutional environ-
nment that itself can be varied as a policy option--in other policy
areas institutional reformis accepted as a legitimte function of
governnent. In the discussion of birth control schenes bel ow we
examne policy in the case where fertility norns can be adjusted.

®Equal | y reasonabl e ni ght be an ethic which grants "con-
sunmer sovereignty" to the entire fanmly--children as well as parents.
When preferences of the children are considered the desired famly-

size normis changed. The resulting optimal trajectory would al so
be different fromthe parents-soverei gn case
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FI GURE 3

opti mal population trajectories under discount rates of .1% 3% and
5% (per capita welfare criterion)
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Finally, we should mention the problemof howto delimt
geographically t he popul ati on whose welfare is to be taken into
account in policy decisions. A policy which was optimal for the in-
habi tants of a country nay not be optimal froman international
point of view. An international policy would have to consider m -
gration and ot her linkage effects. Et hical problems are conpounded
when several nations are involved.

The other side of this problemis that an internationally
i nposed policy may be far fromoptinmal fromthe viewdoint of single

nations involved. This is similar to the question of states '

rights.
In Figure 4 bel ow we suppose that a policy optinal for a group of
states is inposed involuntarily on one nenber of the group with | ower

average density. The inposed group-optinmal policy differs substan-

tially fromthe state-optimal policy.
FI GURE 4

Nationally and internationally optinmal population trajectories for
a country with a popul ati on density low conpared to the world average.
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SOCI AL PREFERENCES

Popul ation policy is also of course sensitive to vari a-
tions in the tradeoffs anong wel fare conponents. In a society used
to relatively high-density living, for instance, crowding wll
havea lower disutility relative to, say, foregone births, and the
optimal trajectories will reflect the difference. W should cau-
tion that nunerical results must inevitably be influenced to sone
extent by the analytical form chosen to indicate welfare. An in-
vestigation of the significance of assunptions on social preferences
is nevertheless of interest. Further research is needed to deter-
nm ne the degree to which findings hold across a range of different

wel fare functions and system nodel s.

Exanpl e
For illustration we will study the effect of varying

social preferences in the welfare function (6). First, consider
the tradeoff between material standard of living and quality of
the environment. Figure 5 shows the inpact of varying this trade-
off by a factor of 2 in both directions. *” After 50 years, economc
growt h doubl ed the environmental degradation index, forcing an ab-
solute decline in population in the high disutility case as the

1”I'n the "standard" case the welfare inpact of the envi-
ronnental deterioration caused by a 257 real increase in GNP could
be "Conpensated for" by a 107. rise in per capita consunption. W

vary this necessary conpensation to 5% and to 20% reflecting a | ow
and a high disutility of pollution, respectively.
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FIGURE 5

Ef fect on optimal. popul ati on of varying tradeoff between consunption
and environnental quality by factor of 2 around "standard" | evel
(used in Figure 1la).
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only avail abl emeans of continuing to rai se per capitaconsumption
whi | e hol di ng back econom ¢ growth. The difference between the two
extrenme popul ation trajectories after 50 years, however, is a very

nodest 22 mllion.

As a second exanpl e, suppose we vary the tradeoff between
consunption and foregone births by a factor of two around the orig-
inally specified |.evel. "8 This has a larger inpact on popul ation
size, giving a spread of 40 million after 50 years, as seen in
Figure 6. Such a result is predictable fromthe strong assunption
made on the adverse welfare effect of deviating fromdesired famly
si ze.

VWhat is nore surprising, however, is that conpared with
t he consequences of varying the ethical bases of welfare, changes
in social preferences seemrelatively less inportant. (The dis-
utlity of crowding had even | ess effect on the optimal trajectory

than did the environnental index--see Appendi x Table Al .)

Bl RTH CONTROL SCHEMES
Until now the exanpl es have assumed that the birth rate
was directly controllable as a policy instrument. Most realistic
popul ation progranms would require a nore conplicated contro

mechani sm This section discusses sone of the major types of

e, we suppose the average person could be conpensated

for having one less child than actually desired by a pernmanent in-
crease in incone of 25% (standard case), 121% and 50%
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FI GURE 6

Ef fect on optinmal popul ation of varying tradeoff between consunp-
ti.on and foregone births by factor of 2 around "standard" level.
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program anong those ained directly at popul ation control. Policies
in other areas, such as housing or social security, which mght have
an inmportant inpact on popul ati on, are not exam ned. First, we shall
describe the prograns and then use the theoretical framework to
compare and anal yze them For conveni ence, we classify control
schenes into three broad categories (although recognizing that any
particul ar schene woul d usual |y have el enents of each): 19
financial inducement;
-- manipulation of attitudes and values;

— coercive schenes.

®For exanple, nost fanily-planning prograns are a combina-
tion of inducement and mani pul ati on.

32



Fi nanci al | nducenent

Many suggested control programs rely on influencing fer-
tility by positive or negative econom c sanctions. Adjusting tax
deductions allowed for dependents, paying bonuses for delaying
chi |l dbearing, and nmaking pension rates vary inversely with famly
size are exanpl es. Schenes such as these would require continued
annual expenditures to keep the birth rate depressed, unless a
side-effect of the programwas a shift in attitudes toward | ower

fertility.

Exanpl e _ Suppose a financial inducenment schene gives a graduated
tax rebate to wonen for each person-year without a birth. Famly-
size preferences are not shifted and the nunber of prevented births
increases with the program expenditures in a given year, although
the effectiveness of the schene shows dim nishing returns.

The "cost" of this programarises as follows. Al pay-
nments nade are transfer paynents, and ignoring distribution effects
there is no net consunption cost to society. ?° However, there
still remain the psychic parental costs to those who were bribed
to forego children. This is the net cost of the schene (though

borne by taxpayers at |arge, since the parents thensel ves accepted

% Except to the extent that such transfer payments affect
the savings rate in the econony (see the Enke-Deneny exchange in
Econom ¢ Devel opment and Cul tural Change, 1961). W shall assune
here that they do not.
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conpensation for their sacrifice). If on the margin people are in-
di fferent between accepting a bribe and foregoing a child, this net
cost is roughly equal to the nunber of births prevented nultiplied
by the average paynent for foregoing a birth.21

Natural ly, a substantial anmount of enpirical work would
be required to determ ne even very roughly the birth-rate response
of a particular incentive schene. Anong ot her conplications, both
econom ¢ conditions and age distribution effects would have to be
all oned for. For the purposes of the exanple, we have chosen a
sinpl e response function, with paranmeter values to nake it conpara-
ble with the precedi ng exanples. The details are set out in the
appendi x.

Optimality, under this schene, requires a tradeoff be-
tween the benefits of having fewer people and the cost of prevent-
ing births. As such, tradeoffs and trajectories are very simlar
to those in the basic nodel (equation (10) and Figure 1) where
the growh rate could be directly mani pul ated under a psychic cost
of foregoing children. Two typical trajectories are drawn in

Figure 7.

21The anobunt that nust be budgeted for such a program
woul d substantially exceed this net cost, however, since there is
no means of excludi ng parents who accepted conpensation but had not
intended to have a child or who required a snaller bribe to reach
t hat deci sion.
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Mani pul ation of Attitudes and Val ues

A different category of population control, schenes ains
to change either the social institutions related to fertility or
i ndi vidual attitudes and values. Like the incentive schenes dis-
cussed above they do not inpose direct parental welfare costs,
since such costs are by definition incurred in deviating from social
norns. Monetary expenditures, however, woul d usually be invol ved- -
as, for exanple, in a propaganda canpai gn. 2> These schenes rai se
the ethical questioii nentioned above of the "sovereignty" of indi-
vi dual preferences. Moreover, attitudes toward fertility are not
the only ones which could be changed. It is equally defensible in
ethical and welfare ternms to seek to nake peopl e happier at a | ower

rate of consunption or at higher densities and pollution |evels.

Exanple. As an illustration we consider a case anal ogous to the
precedi ng exanpl e, except that the expenditure on popul ati on con-
trol now will influence the rate of change of famly-size norns.
Attitudes, unlike bonuses and tax rebates, tend to persist in in-
fluenci ng behavior and we will assume that the new fanily-size

normis maintai ned when expendi ture stops.

22
. Sone institutional rearrangenents might be essentially
ostl ess. The mani pul ati on of social supports to fertility to re-
nove pro-natalist pressures, as advocated in the witings of
,Judith Bl ake (see especially 1965) woul d be exanpl es.
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Paraneters for this exanple were chosen so that the
schene could be directly conpared to the financial inducenent
exanple. 22 Details of the relationships and paraneters assunmed are
to be found in the appendi x. The resulting popul ation trajectories
for two different assunptions on programcosts are seen in Figure 7.
For conparison, the corresponding trajectories under the financi al
i nducenment schene are al so shown.

In this exanple of nmanipulating attitudes, the trajectory
nmust bal ance tradeoffs between the cost of the program and the
costs or benefits of population growh. If there were no cost of
mani pul ating attitudes, the static optinal population would he i _m
nmedi ately realizable. This trajectory is also shown in Figure 7.

Al t hough a | arger popul ati on woul d i ncrease econom ¢ grow h and
fulfill the desire for conpany in this nodel (the ideal density is
taken to correspond to a population of 200 mllion), the zero-cost
optimal population nmust fall in order to attenuate the grow ng
environnental deterioration.

When the control schene has a cost, the optimal policy
cannot adjust attitudes instantaneously at an acceptable cost, and

for this reason the nanipul ation schene trajectory tends to "1lag"

23
In the sense that a given proportion of resources al-

| ocated to reducing n fromits initial value, spent in one year,
woul d have the sane inpact on n in both schenes (the difference
being that the inpact is pernanent in the present exanple).
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the zero-cost trgjectory. Manipulating attitudes could be a highly
effective means of control, provided that attitudes could be changed
significantly in a time period comparableto significant changes

in the system

FI GURE 7

Conpari son of optimal population trajectories under alternative
control assunptions: financial inducenent, manipulation of atti-
tudes, and zero-cost control.
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Coercive Prograns

Many drastic proposals for coercive control prograns are
to be found in the extensive literature on popul ati on probl ermns.
O'ten these originate from bi ol ogi sts who woul d take an expansi ve
view of the clients of the popul ati on-envi ronnent system Pro-
vided that in optim zing the policy an appropriate accounting is
made of the relative aversion to involuntary fertility control,
t he question of whether a coercive policy should ever be chosen is

sinply an ethical one.

Exanpl e ___Suppose that a coercive policy is adopted through

| egi slation. The cost of this type of control is incurred by
parents in the form of foregone births. The basic npdel specified
in equations (6)-(8), where the growh rate can be nani pul ated at
a parental welfare cost, covers this situation.

However, fam|ly-size norns may adjust to the actual pre-
vailing famly size, with a suitable time |lag. Figure 8 shows
that the optinmal trajectory under this assunption of an adjusting
normis quite different fromthe non-adjusting trajectory. The
reason is that the fertility rate in the non-adjusting case cannot
fall too far belowits static normw thout attributing very |arge
psychic costs to parents. But if parents' attitudes slowy read-

justed, lower optinal growh rates woul d be achievabl e.
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FIGURE 8

Comparison of optin2 =2 popul ation trajectories with constant ferti_1-
ity normand with normthat adjusts (with lag) to actual fertility.
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We may concl ude this section by briefly review ng the
findings. Inducenent and coercive schenes differ from aschene
which attenpts to nmanipul ate preferences in that an attitudi nal
change does not require expenditure to be maintained. Thus an
attitude-mani pul ati ve control schene can be morerel axed about popu-
lation growth early in the program because growth can be fairly

rapidly reduced I ater when effects such as pollution and crowdi ng

becone dom nant.
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If fertility behavior itself can be directly controlled,
t hrough | egislative coercion, the resulting optinmal policy is quite
simlar to that under financial inducenment. The reason is that in
both of these prograns sinilar costs are involved--those of fore-
goi ng children. However, in the coercive schene, woul d-be parents
have to bear these psychic costs thenselves. In an inducenent
schene, the parental costs are neutralized and diffused over al
of society which nust pay for the schene.

Each of the trajectories we have conputed is the optinal
strategy under the particular control schene specified. But the
only sense in which we can say that one trajectory is "better"
than another is that ethically the control scheme underlying it

is preferable.

DI SCUSSI ON

We have investigated the notion of optinality in popul a-
tion policy briefly through the use of sinple analytical and nu-
nmerical exanples. This has perhaps obscured the generality and
flexibility of the control-theoretic format in which the optimal
popul ati on problemis enbedded. The framework does not restrict
us to a particular criterion of welfare, nor to particul ar assunp-
ti ons about the econony or population. It is designed instead so
that, given an arbitrarily specified index of societal welfare and

given a set of assunptions on underlying econonm c and popul ati on
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dynam cs, the corresponding policies can be deduced that maxim ze
over time this neasure of welfare. The necessary conditions for the
solution of the problemprovide insights into the tradeoffs inherent
in maintaining optimality and permit the conplex interactions that
enter even a sinple specification to be analyzed relatively easily.
In addition, the analysis allows us to isolate the factors and para-
meters to which the optimal policy in a given situation is nost
sensitive. W feel the absence of an explicit framework has detracted
frommmuch of the previous work on policy, in that there has been no
cl ear nmeans of |inking welfare assunptions, denographic mechani sns,
econom ¢ factors, and popul ation policies. Even where little is
known on a subject, such as popul ati on-environnment interactions, it
is helpful to know the inpact that various assuned rel ationships

woul d have on optimal policies.

Possi bl e use in influencing policy formation.

Any attenpt to use this approach to develop or influence
actual policy obviously would call, for nuch | arger and nore precisely
fornul ated nodel s than any used here. This would involve a very sub-
stan.tial research effort. There are intrinsic difficulties in the

way of such a program however. 24 Rather, we foresee the main use

24Basically, these are the objections, |odged by witers
such as Churchnman (1971), Braybrooke and Li ndbl om (1963), Vickers
(1968), and WldaYsky (1966) to the analysis of social policy prob-
lenms in quantitative terns. They stress, anobng ot her weaknesses of
t he approach, the likely biases in the fornulation of the problem
the tendency to exclude intangibles, the inability to take account

of innovative or revolutionary solutions, and the abstraction from
the Political process.
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for anzol.yses such as our: in the devel opnent of ad hoc theory and
fairly small-scale nodels designed. to clarify particular aspects of
policy,

We reject the notion that there is any on.e nodel or welfare
criterion toward which efforts such asthisshould converge. Analysis
of particular situations by the approach we suggest may nonet hel ess be
a powerful aid to clear- thinking on the policy issuesinvolved. A
study such as the above can denonstrate which Issues really matter
in policy formati on, and thereby highlight areas; where deeper anal ysis
and further research woul d be useful.

The extrenely sinply nodels we have presented above, for
exanpl e, have served to focus attention on the ethical assunpti ons of
popul ati on policy. Whether a society has a high or a | ow aversion to
crowmding has relatively little inmpact on its optinal popul ation policy
conpared to its valuation on the welfare of future generations and its

et hical position on the Benthanmte-per capita welfare spectrum
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APPENDI X

Wel fare assunptions in basic npdels

Using the notation given in the text, the welfare rate is

U=U(C, D, E, B).

The marginal utilities were assuned to take the follow ng forns:

1. 3UaC=acC 2, a6 a»,>0.

The elasticity paraneter, a, , reflects the degree to which people
can be satiated (or alternatively, it can reflect an intertenpora
egalitarian bias). For any elasticity greater than one, U aC
approaches zero as C increases--the upper bound on the utility

due to consunption corresponding to sone "bliss level" of C

2. 3U/3D:b1'b2D,b|,b2>0.

The marginal utility of density is assuned to decrease linearly with
density. Its zero value then corresponds to a static "optinmm

density," taken (crudely) to be invariant to levels of per capita

consunption and pol | ution.

3. aU"E = - ¢, c, >0.

The disutility of environmental degradation is assumed to vary

directly with E, i.e., with GNP. Its nmarginal value is therefore

a constant.
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The marginal disutility of deviating fromdesired famly size in-
creases with the deviation. (W assune that there are no reasons
ot her than thepolicy neasures applied for a deviation between
desired and actual famly size.) For anal ytical convenience, it is
easier to choose the difference between the | ogarithns of desired
and actual births, since this can be transformed into a difference
in popul ation growth rates.zrtbnoting the growth rates correspon-
ding to the average desired and actual births by n and n

respectively, we will neasure the foregone births index B as

n - n . Then

alfin=-d,(n - n) , di> .

The utility function U( ') is now specified up to a
constant, which is all this analysis requires. In a nore el aborate
devel oprent, the various paranmeters that enter it, nanely al
a , by, b, C, , d, would thenselves be nade functions of the
system variabl es. (The various wel fare conponents enter U(e)
additively; the corresponding nultiplicative formcould be obtained

by a logarithm c transform)

25
If nortality is low and fertility rates are not changi ng

rapidly, the population growh rate varies with the |ogarithm of
average famly size.
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The paraneters of the utility function could in theory be
estimated from sanple interviews, with respondents being asked directly
or indirectly to state their relative preferences anong wel fare factors.
Techni ques woul d have to be devel oped to eliminate the inconsistencies
that would certainly arise. Alternatively, a careful study nm ght be
able to inpute tradeoffs to individuals on the basis of their reveal ed
pref erences: for example, do peoplein fact sacrifice incone to live
in aless crowded area? The paraneters used here are not defended on
the grounds of their realism although they do result froma very
i nformal sanpling of colleagues.

We assune that at the initial time (with a popul ation of
200 mllion, natural increase of .01 -- corresponding roughly to a
total fertility rate of 2.8, GNP of $10'? and per capita consunp-
tion of $4250), the follow ng average tradeoffs are accepted:

1. The welfare inpact of a 25%increase in average

density could be conpensated for by a 12.5%rise in
per capita consunption.

2. The welfare inpact of the irrenedi abl e environnental

deterioration equivalent to that caused by a 25%real
increase in GNP could be conpensated for by a 10%

rise in per capita consunption.
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3. The average person could be conpt' nsated for having one
I ess child than actually desired by a pernanent increase
in income of 25% 2% (This would presumably result from
a substantially larger conmpensation for a drop from
fwo children to one, and snaller conpensation for drop-
ping one froma desired | evel of 3 or higher.)

In addition, the elasticity of the marginal utility of
consunption (a,) was put at 0.75. This would inply that a $1000
increase in per capita consunption over a |level. of $4250 has the
sanme effect on an individual's welfare as a $1900 increase at
$10,000. 27 Finally, the fertility normwas assumed to correspond
to a growth rate norm (n) of .O01.

The paraneter val ues taken to represent these assuned
tradeoffs were as follows: a; = 6.25; a, = 0.75; b, = 1.0 x 10-6;

b, =50x 107", ¢; =1.9 x 10°**, and d; = 2.2 x 105
The optim zation was carried out using a 200-year period

by neans of a first-order gradient algorithm

26
Wth current U S. proportions never married and nar-

ried but involuntarily childless, this decrease in fanily size would
correspond approxinately to a drop in the net reproduction rate from
1.3 to 0.9.

2"However, the results were found to be relatively in-
sensitive to the value of a, over a realistic range (0.5 - 1.5).
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odificata.on for a Benthamit_ecriterion
The per capitawelfare rate U(C,D,E,B) is now replaced by

L.I(C,D,E,.). The adjoi.ut equation determing A ;becomes

OU /\L AAA
U+LiL+"LL **KK

v -

and a base level of U thus has to be specifi..ed. We have taken this
value, U. , asthe utility rate implied by the initial. level of con-
sumptiafl, $4250, which gives approximately Uo = 200 .

The resulting optimal population trajectory and associated
value of amarginal birth is plotted in Fl. pure 2 for the first half

of the 200 year peri.ocl.

States' rights case.

A simple means of illustrating the significance of choice
of geographical unit .i.sthe fol].ow_ing. We take the optimal popula-
tion trgjectory implied by the "standard level of aversion to crowl-
iNng as representing the internationally optimal policy in the country
i s question. Then the corresponding nationally optimal policy is
given by the same model with the same aversion to crowding in relation
to the static "optimum density ,'° but alower level of this optimum,

The static, optimum density is determined by HAD =0
i.e. D =Db,/b,. The valueschosen were

Internationally optimal. case - h ;/b, = 200 nmillion

Nationally optimal case -b;/b> =150 million.
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Policy sensitivity to welfare tradeoffs

Using the original nodel with the per capita welfare rate
U CDEIl) and a tine horizon of 200 years, the sensitivity of the
opti mal popul ation trajectory to variations in the tradeoffs anpng
the argunents of U was exani ned. The results are sunmarized in

Table Al below and in Figures 5 and 6.

Tabl e Al

Percent age effect on optinmal popul ation
size of varying welfare tradeoffs by
factor of two in standard nodel *

Percent effect on L after

Tr adeof f 25 years 50 years 100 years

Crowdi ng vs. per capita
consunpti on 2 4 5

Envi ronnent al deteri ora-
Li on vs. per capita
consunpti on 3 5 11

Foregone births vs, per
capita consumption 4 9 15

Aver age of percentage changes in L resulting from
doubl i ng and hal vi ng standard tradeoffs, disregardi ng signs.

Control by financial inducement

The rel ati onshi p between program cost and effect on births

assurmed for the exanple was:

n +k2

log n + k2 (A)
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where g is the "net cost” of the program (as dc lined [N the text) as
a proportion of GNP, and E<* , 1( . are positive constants. In the
feasible range of g, (Al) has the desired properties that do/dg < 0O
and d?n/dg? <0

Since the disutility of foregone births is fully conpensated
for, the argunent B drops out of the welfare function. However, the
total conpensation paid, gF , nmust be deducted fromthe consunption
streamin conputing the utility due to consunption. W woul d other-
wi se be doubl e counting and effectively getting a free control program

Per capita consunmption is therefore

C=((1-s-9gF/L

It is of course artificial to assune that g is a policy
instrunent (through n) but s is not. However the purpose here is
to contrast various different birth control nmechanisnms and a nore
realistic nodel would cloud these conpari sons.

To make this case formally simlar to the coercive control
exanpl e described earlier, the value of k, was chosen so that, in
the initial state, the consunption cost of an incentive program suf-
ficient to reduce n from.01 to O equaled in utility ternms the
psychic cost of foregone births of the sane reduction in n in the
coercion case. The paraneter k, was taken to be the assunmed death
rate of the population (.008). The two trajectories drawn in Figure
7 are based on "standard" and "l ow' propensities to forego births,
corresponding to the "standard" and "high" disutilities of foregone
births in the coercion case of Figure 6. The values of k™ were

0.39 and 0.62 , respectively. 49



Control by nmanipulation of attitudes
This control policy was nodel ed by assum ng that program
expendi tures influenced the population growh rate, n , instead of

n as in the inducenent case. The relation specified was

g - kIl n + k2 (A2)

where k, and k, are again positive constants. As before, k2
is interpreted as the population death rate, so that n + k2 i s
al ways positive. There are dinmnishing returns to raising g: as
n gets smaller, the level of expenditure required to maintain a
given rate of decline in n increases. The popul ation growh rate
here corresponds to the growth rate normn in the i nducenent case,
al though it is now of course not a constant.
This systemrequires the state variable nin addition to
| and K. The dynam c equations are
L =nL
K= sP(K L) - dK
== "(g "),

where the last of these is the inverse of (A2).

Two values of k; were specified so that the inpact on n
of an expenditure. of 5% of GNP in the first year was the sane under
this programas in the correspondi ng financial inducenment case. In
t he second and subsequent years, of course, the costs of the two
prograns for given changes in n would necessarily diverge. The
| evel s used were k, = 0.43 for the standard case and k, = 0.60 for
the attitude mani pulation programinitially equivalent to an inducenent

schene with a | ow propensity to forego births.
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In addition to these two trajectories, the systemwas sol ved
for the special case k1 =0, i.e., where there is no cost of popu-

lation control. This trajectory is also plotted in Figure 7.

Coercion with an adjusting fanmly-size norm
Suppose we nodify the original "coercion" nodel by letting
the popul ation growh rate normn track the actual rate n ac-

cording to the distributed lag formul a

fi(t) =n(t - T)+ v[n(t - T -3 -] .

This assunes that the normfollows rm with a geonetric |ag of period
- , the weighting coefficients decreasing in a geonetric series with
ratio (1 - v) .28

Taki ng T = 2 years and v = 0.1, the resulting optinal

trajectory of L is given in Figure 8.

ZBWitten in full, the expression for n(t) is

(1) v[n(t - T)+(1 - wvwnE-21>+¢1- V) 2n(t - 3T) +...]
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ABSTRACT

Thi s paper investigates the notion of optimality in popit-
lation policy Lhrough the use of sinple analytical and nuneri cal
exanpl es. A control theoretic framework i s adopted whi ch does not
restrict the analysis to a particular criterion of welfare nor to
particul ar assumptions about the econony or popul ation. Gven an
arbitrarily specified index of societal welfare and a set of assunp-
tions on underlying econonic and popul ati on dynam cs, the corre-
spondi ng policies can be deduced that maxinize over time this
measure of welfare. The necessary conditions for the solution of
the problem provide insights into the tradeoffs inherent in main-
taining optinmality. In addition, the analysis allows the isolation
of the factors and paraneters to which the optimal policy in s.
given situation is nbst sensitive

The very sinple nodels discussed in the paper serve to
stress the inportance of the ethical assunptions of population
Policy. They suggest that whether a society has ahigh or a | ow
aversion, to crowding or environnmental degradation has relatively
l[ittle inmpact on its optinmal popul ation policy conpared to its
val uation on the welfare of future generations and of potentia

entrants to the society.
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