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1 Introduction |

The common interest of nearly all development and* growth theories is the
fundamental concept of a "harsh" mtertemporal consumptlon trade-off Current
consumption inevitably reduces ﬁJture consumptlon possibilities in a w1th-or-thhout/
sense. This is true for the early "low-level-ethbnum -trap" theones [Nelson (1956) and
Leibenstein (1957)], the neoclassncal growth theory [Solow (1956), Swan (1956), |

- Ramsey (1928), Cass (1965) and Koopmans (1965)] as well as the endogenous growth‘
theories [e.g. Lucas ( 1988), Romer (1990), and Rebelo (1991)].

In contrast, already since the fifties the' poss1b1hty of productive consumption was °
recognised within development literature [Winslow (1951), Nurkse (1953), and in f
 addition Wheeler (1980), GersovitzA (1983)].} Productive consu)_np‘tion enables the
saﬁsfaction_ of current needs and, at the same time; increases the produotive potential of
labour.? As a consequence, the potential for the satisfaction of future needs vrises. Two
interpretaﬁons of the productive effect of consumption can be distinguished: Fiist, a
rising level .of oer capita consumption can be considered to increase the. efficiency of
;labour; this interpretation underlies fhe' traditional efficiency wage 'theory A[Leibens_tein ‘
(1957), Stiglitz (1976), and Bliss and Stern (1978)]. Second, a rise in the level of per
capita consumption can, on .the other hand, be interpreted as increasing the stock of
human capital [Blaug (1987)]. - | |

| Gersovitz (1988) distinguishes three forms of productive:consumption: (a) nutﬁtion,
(b) health, and (c) education.® All three forms serve the satisfaction of current needs,
and, consequently, can be labelled as consumption expenditures;.thOugh»occasiona‘lly‘ this
might be assessed differently in the case of education. Simultaneously; the 'etﬁcienoy of
labour or — depending on the interpretation — the stock of human capital increases. From

this point of view, the underlying consumption expenditures can be classified. as

!

' The basic idea of productive consumpnon has already been recogmsed and dlscussed by classical
economists in the context of the subsxstence theory of wages [Mill (1848)]; for thlS see Blaug (1987).

? The question whether specific investment expenditures are registered as mvestment or consumption
expenditures within the framework of national acoountmg 1s irrelevant for the purpose of theoretical
analysis.

3 See Gersowtz (1988), pp. 394.
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i ‘productive Gersovitz (1988) 'expresses this notion as follows: ,,Health and nutrition
* expenditures share some attributes. of educatzonal ones; they affect welfare beyond the
period when they are made. To a much greater extent than in the case of education,
however these expendttures also affect current welI-bemg and it would be zmposszble
10 devzse a convmcmg allocatzon of these expenditures between current and future
consumptron For instance, at Iow nutritional levels, food consumption has Jjoint eﬁ’ects

on current and, ﬁlture well-bemg and productzvzty “h

For developmg countries (DCs) special characteristics of preferences and technology -
exist, which are relevant to growth probably.’ For example, mtertemporal preferences are
usually assumed to. exhlbrt a constant time preference rate though a negative relation
between the time preference rate and per capita income seems reasonable especrally for
the lower range of income.® With respect to technology, the effect of enhancmg the stock -

.of a productlve input (human capltal) as a consequence of consumptron activities
presents a further characteristic relevant to growth which is almost completely 1gnored
‘in the context of growth theory.” After reviewing emplncal evidence for a’ positive
nutntlon-productmty relation, Fogel (1994) stated recently: "AIthough largely neglected |
by theorists of both the "\ old" and the "new" growth economics, these factors can easily
be incorporated into standard growth models "% The growth model presented in section
3 is an attempt’ to mcorporate the productive-consumption hypothesis into a snnple

endogenous growth model

'

From the perspectlve of growth theory, the productrve—consumptlon hypothesis
. seems to be of fundamental mterest because of two ‘reasons: First, productive

consumption essentrally modrﬁes ‘that is partially eliminates, the mtertemporal

4 Gersovrtz (1988), p. 396. .
5 Azanadls (1996) grves an overview of different growth models which can explam poverty-traps.

® This relation is known as the Fisher-hypothesis [Fisher (1907)] Usually, if the time preference rate is
allowed-to be endogenous a positive relation between the time preference rate and per capita income is
postulated, mainly because of technical reasons in order tp guarantee stability. For a discussion on this
subject see Obstfeld (1990) as well as Zee (1994).

~ 7 To the best of my knowledge the only exceptlon is Wrchmann ( 1995), who formulates a two-sector
growth model with the labour efficiency being dependent on nutrition. However, Wichman interprets the
nutrition-productivity relation as an external effect which is not relevant for the individual choice of an
optimal consumption path. Therefore, this model does not capture thé crucial point considered in this
paper, which is the modification of the harsh intertemporal consumption trade-off,

' Fogel (1994), p. 385/386.
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consumption trade-off > Second, theoretical as well as empirical evidence suggests a
systematic, that is negative relationship‘_between,the level of per capita consumption and
" the marginal productive effect of consumption. 10 Cohcéntrating on the importance ,of
productivé consurhption fof economic grbmh does surely not intend to negleét the
itnpqrtance of other féctors that undoubtédly influence growth and development, e.g. the
stébility of the political system, the openness of the economy; or the development of the -
financial sector. ‘

Thé rest of this paper is orgarﬁsed ‘as follows: In section 2, a brief outline of the
current Vt‘heoreﬁcal and empiricai work on the subject "productive cohsumption" is 'given
first of all. In section 3, thé hypothesis of productive consumption is speciﬁe'd in the form
of a "human—capital-enhanceinent-fuhction" “and then integrated into a Simple ..
endogendus growth model. The transition process to an asymptotic balanced growth
equilibrium is illustrated by means of a simulat‘ion; Section 4 summarises the main results

and concludéé with some final considerations.
2 Productive consumption: an overview
2.1 Empirical evidence

R The relation between labdur' productivity as well as output grdwth bn the one hand -
and nutrition, health, and education on the other hand has been analysed empirically
mainly against the background of two different questions: (a) In the wake of the
tfaditional_ efficiency 'wa'ge theory, it was attémpte& to uncover émpirical eﬁdence
‘. supporting or refuting the impact of nutrition" and health expe_nditurés on labour
productivity,withinv thé. framework of microeconomic empirical ‘analys}es.“ (b) On "the‘
other hand? the contribution of nutrition, health, an‘d»edhcatiorln to output growth waé
examined on a macroeconomic level using the methodology of gr‘onh accounting. These’
‘empirical investigations were partly motivated by. the question wh:ethelr' a development

strategy primarily focusing on the satisfaction of basic needs prevénts an economy from

® That is, as far as the possibility of productive consumption exists; the hypothesis of productive
consumption does not assert that every consumption activity is productive.

' For empirical evidence ‘see section 2.1. Within the framework of the efficiency wage theory, this
assumption is illustrated in the form of the so-called effort-function;, see section 2.2.
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: groviring or even stimulates growth [Hicks (1979), Wheeler (1980), and Barro and Sala-
1-Martm (1995), chapter 12] Some selected empirical -investigations and their most
unportant results are outlined in the followmg ‘

| Microeconomic analyses '

On the - basis of ‘ microeconomic cross-sectional data  for - small-scale farming B
enterpnses in Srerra Leone (1974/75), Strauss (1986) estimates the coeﬂicrents of an
agricultural Cobb-Douglas productron function. The productron functron is specified to '
- account for a dependence of the agncultural workers efﬁcrency upon daily nutrrent
intake per worker. The approach takes into account the simultaneity of household
choices, the levels of variable farm inputs and it considers the possible influence of other |
variables on agncultural output, e.g.-land quality. The coefficients of nutrient mtake
show the expected positive sign and are highly srgmﬁcant The posrtlve 1mpact of
nutrient intake on labour productlvrty is especially marked at low levels and decreases
with an increasing level of calorie intake. The est1matlon results of Strauss (1986) 1mply
remarkably ’high values for the output elasticity of nutrition at low levels of calorie
mtake The correspondmg values. vary from 0.49 at a daily mtake of 1500 calories via
0. 34 at the sample mean value for a daily calorie mtake up to 0.12 at a daily intake of
. 4500 calories."? Accordingly, at the mean value of dally calorle intake, an increase by 1

: percent resultsin a rise in- output by 0. 34 percent.

Deolalikar (1988) investigates, based upon Strauss’(1986), the relation between
* labour productivity in agriculture ‘ds well as the wage rate of rural workers on the one |
hand and individual calorie intake per day and weight-for-height (kg per cm) on the other
~ hand by usmg panel data. for 240 households in different rural areas of southern India
- (1976- 77 and- 1977-78) In this case, the weight-for-height variable is mterpreted asa
medium-term indicator of the nutritional status as well as an indicator of the health~
status. The results are not unamblguous The coefficients of calorie intake per day are B
not significant, while the coefficients of* werght,-for-he1ght prove to be significant.

However, Deolalikar does not interpret these results as an evidence against a nutrition-

_" Bliss and Stern (1978), Part 11, outline the empirical investigations concerning the efﬁciency wage
theory. .

12 See Strauss (1986), pp. 313; Wolgenmuth et: al (1982) find srmllarly hrgh values for output elasticity
‘with respect to calone intake for Kenyan road construction workers.



productivity relatlonshlp "What the empirical results then suggest is that, even gf the
short-run effects of nutrmon on labor productivity are insignificant, the medium-run-’
‘effects are large and positive. . Another mterpretatzon may simply be that weight- for-

hezght is a better indicator than average daily calorie mtake «l3

In the context of a mesoeconomic study, Ram and Schultz (1979) analyse the relation
between the health status and labour productivity in agriculture on the bas1s of data for
diﬂ'erent Indian states. The rate of mortality is employed as an mdicator of the health -
status in such a way that a decrease in the rate of mortality is mterpreted as an’
improvement in the health status. Ram and Schultz regress the percentage change in.rural
labour productivity on the percentage change in the iate of 1mortality for the period from
1958 to 1967. ’This single regression explains 28 percent of the interstate variation in
agricultural productivity, the correspondmg coeﬁ‘iclent has a value of 0.3 and is highly
. s1gmﬁcant Consequently, a reductlon in the rate of moﬂahty by 1 percentage point

increases the labour productivxty by 0.3 percentage points."*

Macroeconomic analyses

"On a macroeconoinié level, Wheeler (1980) examines for 54 DCs the relation
between the growth rate of output on ‘\the-onehand and the grthh rate of diﬁ'erent
indicétors of the nutritional status(céloﬁe availability per day), the health status -(life
expectancy at birfh) zind education (adult literacy rate), on the other hand, for the period
from 1960 to 1970. For this purpose, Wheeler formulates a simultaneous four—equation
model, cons1stmg of a macrgeconomlc productlon function and one equatlon for
nutrition, health, and educatnon, respectively (which are called "welfare equations").”

- The production function includes capital in addition to labour in efficiency units as

'3 Deolalikar (1988), p.412.

i (; appears problematic to interpret the observed correlation in the sense of one-sided causallty of an
improvement in the health status resulting in an increase in labour productmty Ram and Schultz refer -
in this context to enormous public health programmes and the abatement of malaria during the
examined period and, therefore, interpret the fall in mortality rates asan exogenous vanable

15 This model is purely econometric in order to derive estimation equations for the growth rate of output
while explicitly taking into account simultaneity. The model is not able to achieve a theoretical analysis
of the 1mportance of the productive cffects of nutntlon health, and education for the growth process.



inputs, with the latter again depending on the le\lel of nutrition, health_, and"'education. 16_
o The three "welfare equations" 'represent the level of nutrition,’ health, and education as a
function of per capitakincome as well as some exogenous variables. By this formulation, a
mutual causality between the growth rate of output on the one ‘hand and the change in
'nutntlon health, and education on the other hand can be taken into. consideration.
Wheeler finds a strong labour augmentmg effect of the nutntton and health vanables in
the determination of the change in ~output for "poor countnes" The parameter estimates
tmply elastlcttles for labour in eﬂ'lclency units with respect to nutrition of 11 14 and for
labour in efficiency units with respect to health of 7.13. Multtplymg these elasticity
values with the value of the output elasticity with respect to labour in efficiency units
yields the output elasticities for nutrition (026-1114=290) and for health
\' (026-713=185). These values are several times higher than the microeconomic
elastlcities of Strauss (1986) A possible ‘in'terpreta)tion is based on the assumption of
positive external effects of labour efﬁc1ency Well ‘nourished, healthy, appropnately‘
educated, and econormcally active individuals at the same time increase the producttvlty
of other economically active individuals." Surpr_rsrngly; Wheeler ﬂnds no significant
inﬂuehce of the education variable on the éromh rate of output' not eveh at the 10
- -percent level of significance. Furthermore the-analysis of the producttve contnbutlons of
nutntlon health, and education reveals a strong tnﬂuence of nutrition and health
-~ especially for low per caprta incomes and a decreasmg marginal contribution with a rise
in per capita income, while the positive inflyence of education increases with a rise in per
» capita income.'® Wheeler summarises his eccnometnc analysis with the words: "Thus,
‘the available data are shown to be consistent wzth the notion that some basic needs

expendltures can legmmately be regarded as mvesiments in human capztal “19

Consequently, the prorluction functlon in Cobb-Douglas  form  .reads:
Q= A,K," ! (L,H, ‘N, 2E )71 where Q, denotes Output, 4, the level of technology, K, the
capital stock, L, phySlcal labour, H, a health indicator, N, a nutritional indicator, and E; an
mdrcator of the educatlonal level at time t. '

16 .

17 See for this Lucas (1988), who assumes positive extemal effects of the average human capital stock in
- the production of output. However, a direct comparison between the results of Strauss (1986) and the
results of Wheeler (1980) is problematic on account of different references to space and time.

12 It should be noted that the data set records only countries with low and middle per captta income and
no oountnes with lngh per capita income. ‘

19 Wheeler(l980) p. 450.
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The above-mentloned results are confirmed by Hicks (1979) insofar as he finds within
the ﬁamework of dlﬁ'erent multiple regressions on the basis of cross-sectional data for 69 )
non-oilexporting DCs (1960-73), without exceptton, a strong and significant influence of
different "basic-needs" indicators (life expectancy at birth, adult literacy rate, primary
- school enrolment rates) on the growth rate of real per capita income. Finally, the results
ofa broadly desrgned cross-sectional analysis by Barro ( 1991) are pointed out, accordmg

to which. life expectancy at birth, interpreted as a nutrition and health mdrcator is
positive and highly s1gmﬁcant for the explanation of the growth rate of real per caplta_ |

mcome whereas the results for various mdlcators of the educational status are not

. unamblguous

Lastly, Fogel (1994) estimates the irnportance ofa nutrition-productivity relationship |
for the development process of Britain. He concludes that improvements m nutrltlon ‘
explaln 30 per cent of per caprta income growth between 1790 and 1980.. One third of
this effect is assigned to increased labour force partlclpatlon while the remalmng two ,'

thu'ds are assigned to an increased labour productmty in production.
2.2 Theoretical approaches |
‘221 Preliminary remarks

‘Traditional efficiency wage theory assumes a positive relation between the level of :
consumption and the efficiency of labour. This hypothesis bears far-reaching theoretical
implications with respect to the labour market: Proﬁt-maximising- producers are willing -
to pay that wage r’ate which minimises labour cost per efficiency ,tmit of labour; this wage | 3
is called the efficiency wage. If the market-olearing wage rate lies below the efficiency
wage, unemployment arises. The efficiency wage theory is, above all, an_approach to.
explain the widespread phenomenon of rural unemployment in DCs [Stiglitz (1976) and
‘Bliss and Stern (1978)] 2 "

The 1mp11catlons of a posrtlve relatlonsh1p between consumption and the efﬁcnency of

labour - or in other words the implications of the productlve-consumptlon hypothesis -

20 See also Barro and Sala-i-Martin (1995), chapter 12,

" ! During the eighties, the efficiency wage theory was further developed within the framework of new-
keynesian theory and used to explain real wage rigidities and unemployment in industrialised
economies; for an overview see Yellen (1984) and Romer (1996) chapter 10 '
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for the consumption/saving behaviour were hardly analysed within the economic
literature.2 Gersovitz (1983) represents an important exception. He discusses two

complementary approaches, which explicitly analyse the importance of productive

_consumption for the consumption/saving behaviour within the framework of a two-.

penod model. 2 Both approaches are -based on the idea that consumption might have a
second posrtlve effect in addition to the direct satisfaction of current needs. This consrsts
in an increase in the probability of survival‘and in an increase in the efficiency labouir.
Both approaches offer the possibility to- derive a positive relation between the average
saving rate and income on a sound microeconomic foundation.* On accourlt of the
exceptlonal importance of both approaches for the theoretical analysis both are outlined

in thelr essential features.

/

2.2.2 Consumption and the probability of survival

. The crucial hypothesrs of this model is-a positive relation between the standard of

living and the probabrhty of survival for the lower range of income. Consequently,
consumpnon increases welfare in two different respects: The satisfaction of current
needs means a (traditional) direct utility effect. The indirect utility effect of consumption
consists in an increase in the probability of survival. The importance of thrs additional

consumptlon effect falls with an increase in the standard of 11v1ng

The md_wrdual considered exists for two periods (presence and future) and solely

receives income in the first period. This income ( y) is divided up between current
consumption (¢;) and savings (s); future consumption (C5) equals current savings

multiplied by an interest rate factor (R): | )
y=c +s, B @1)

% Empirical investigations of the saving behavrour in DCs usually test the validity of the absoluite-
income-, the permanent-income- and the life-cycle hypothesis; see Mikesell and Zinser (1973). For more
current mvestlgatrons see Aghevli et. al: (1990) and Reichel (1993).

% However, Gersovitz does not speak of productive consumption but, for example, of the "physiological
-consequences of poor nutrition associated with low income “, Gersovitz (1983), p. 842.

%% Such a relation already results from the keynesian absolute-income hypothesrs which is, however

based on the ad hoc assumpnons of an autonomous consumption and a constant marginal rate of _

consumption.

'



9

The probability of surviving the first period (7) increases with the level of

consumption during the first period, furthermore a concave and twice continuously
differentiable "survivaléprobability-ﬁlnctidn" is assumed:

m=n(q),  with7’>0and 7'S0* @3

The individual chooses ¢ and C,, in order to maximise the expected lifetime utility '

| (Eu),

Eu=u(q)+n(c)-u(c,), S @4)
‘with respect to (2.1) and (2.2).** The instantaneous utility function [u(c)] is also
" assumed to be concave and twice continuously differentiable. Application of the |

Lagrangian method yields the ﬁr‘st-otder conditions for an interior solution ( cll‘,ycz >0):

W6+ (@) aer) = Re (6 )(cs). - @3

- For an optimal SOlllthIl the margmal gam in welfare due to an increase in current
consumption equals the marglnal gain in welfare due to' an. increase in future
consumption. The left-hand side of (2.5) shows the marginal increase in welfare resulting
from current consumption, which consists of two components. A (marginal) increase in
curre'nt consutnption causes the ‘expeéted lifetime thility to rise according to the merginal

utlhty of current consumptlon [u (6'1)] and, addmonally, according to a rise in the
expected future utthty, resulting from an increase in the probablhty of survival
1~ (c])-u(cz)].27 The nght-hand side of (2.5) shows the marglnal increase in welfare
due to'an 1ncrease in future consumptlon The probability of expertencmg the ﬁ1ture is, of .
course, conSIdered for the calculation of the expected value.

Gersovitz discusses two threshold effects: Below a subsistenceleve'lv. of consumption

(€), survival is impossible [ 7(c; < €)= 0]. If income does not exceed this value,

» Gersovitz justifies the form' of thls function merely with reference to the plausibility of this
assumption; see Gersovitz (1983) p- 844. .

% Discounting future utility by means of a time preference rate is not considered in (2.4); future utlhty is
nonetheless "discounted” by means of multxphcauon with the probability of sumval whnch is by
assumption smaller than one.

%" A sufficient condition for a maximum is a concave curved "surwval-probablhty-functmn" the validity
of this assumptton is presupposed by Gersovnz (1983).
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saving is zero, ¢y = 5=0. A second threshold effect appears as soon as the initial level -
* of consumption exceeds a value above which no further influence on the probability of -

survival exists, 7r(é1 >@&)=7. Without this "survival effect’ of consumption
(#=1), condition (2.5) turns into the usual optimum condition:
u(c))=R-u(c,). T | L (2.6)-
As long as the utility function is isoelastic and the interest rate equals zero, a positive
relation between the average saving rate and income exists, pfovided that: . ‘
S : _ '_(;2 . _ " . . v‘ ‘
y+A:(n—-1)>0, where A=—= and 7I=_,7CI»" | N 2.7

Acl

and y denotes the elestjcityv of utility. Condition (2.7) is ‘.ﬁllﬁlled whenever the elasticity -
of the marginal probability of survival with respect to consumption (77) is greater than

2 Provided that the marginal probability of '\sﬁr.vival declines sufficiently fast in
response to current consemption, the individual is willing‘ to inerease future consh_mption

more than proportionately as income rises, therebyincreasing the saving rate.”

2 2.3 Consumption and labour productmty

As mentloned above the tradmonal eﬂic1ency wage theory assumes a positive impact
of the md1v1dua] wage rate on the efﬁc1ency of labour. In this context a hlgher wage rate
AlS implicitly assumed to induce an inctease. in the level of consumption. Due to a |
‘ phys1ologlcal-technologlcal" relatlonshlp a hlgher productmty per man-hour results. By
‘.means of a second model, Gersovitz ( 1983) analyses the resulting nnphcatlons for the
individual saving behawour. He describes the productive consumption effect and its
possible impﬁcation for the seving behaviour as fOUOWS' "Gfeater current consuml'mi‘on
adds to ufility directly and zndzrectly by mcreaszng income, thereby creatmg a bias

against savmg" 30 BT

% The elasticity of the margmal probabxllty of survwal with respect to consumpuon is deﬁned as
drr c_ n'c.

* For further interpretations see Gersovitz (1983), p. 845.
% Gersovitz (1983), p. 848.
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The crucial hypothesis of consumption ( ¢;) enhancing the efficiency of labour (/) is

represented by a concave and twice cbntiﬁuously differentiable "effort-function". Thus, it
" is supposed in accordance with efficiency wage literature, that consumption increases the

efficiency of labour without any delay:*'
h=h(c), with 2'>2 0. | f - (2.8)
The individual considered exists for two periods, the entire income is received
exclusively during the first period and experience of the second period is — in contrast to
the former model — certain. Current and future consumption are chosen in order to
maximise total utility, |
V=u(c)+u(c,), _ 2.9
subject to the constraints,
R-s=c, | | | (2.10)

In this case W denotes the wage rate per efficiency unit of labour [i.e. the wage rate per

man-hour in relation to one unit of efficient labour (W / h)], h(c;) the efficiency of
labour, so that w-A(c)) represents the wage income™ and & all components of non-

Wagé income. The first-order condition for an interior solution reads:
w(c)=—R-u'(c,):(w-h"-1). ° A (2.12)

Taking into consideration the presumed positive marginal utlhty, condltlon (2.12) can
only be fulfilled if the following inequality holds:

.(w-h‘—l)<0 or w-h'<l. (2~13)

‘The interpretation of condition (2.13) is as follows: Saving necessarily means a reduction

in current consumption. Consequently, the efficiency of labour and, therefofe, the wage

* Gersovitz uses an effort-function h(c) which possesses a mixed convex-concave form. Within the
efﬁc:ency wage literature, convex-concave effort-functions as well as globally concave eﬁ”ort-functlonﬁ
are employed see Rosenzweig (1988), pp. 720.

% In this case it must be supposed that the individual inelastically supplies one unit of labour or that
W is the wage payment for the whole working time.
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income decreases in accordance with the effort-function. The condition wh' <1 means
that further saving (renunciation of current consumption) by one unit can only be
reasonable if the induced fall in income turns out to be smaller. The‘bias toward current

consumption in the case of low incomes becomes clear if (2 .'12) is transformed to:
u'(é,)=.R'~'u'(c2')—R-u',(cz)-w--h'. | (2.12a)

For comparably loW incomes and, cpnsequently, ceteris paribus low consumption
levels, /' is relatively high, and the value of the lright-hand side of (2.12 a) is relatively
small. Hence, a low marginal utility of consumption in the first period (left-hand side)
and, takmg into account the concavxty of the utility function, a comparably high level of
current consumption results. This effect disappears with a rise in income and for 4'=0

(2.12 a) turns into the usual optimum condition.

The average savmg rate rises w1th income prowded that the following condition
holds:® |

A+ A)-(e—1)+ wh' — e >0,

) - a Cy -
~ with £=———¢;, 4 =—and as before 4 = 2. (2.19)

ho o) ¢ .
Provided that the individual has no non-wage income (a=0), £>1 is a sufficient
condition for the savmg rate to increase with income. Accordingly, the margmal
attractlveness of current consumptnon as a result of the efficiency and wage increasing

effect must fall sufﬁmently fast3*

R addmon an isoelastic instantaneous unllty function and an interest rate equal to zero lS assumed as
before; see Gersovitz (1983), p. 850.

-3 For further interpretations see Gersovitz (1983), p. 850. -
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3 . The importance of productive consumption for growth
3.1 . Alinear growth model with productive éonsumptiqn g

3.1.1 The human-capital-enhancement-function

~ The above-reviewed empirical studies investigating the relationship between labour
productivity and output growth on the one hand and nutrition, health, and education on .

the other hand clarify two essential points:

, (a) A rise in the level of nutrition, health, and educatlon mcreases the productlve

potential of labour, and

(b) with an increasing level-of nutntlon health, and education, the 1mportance of the

margmal effect concermng the productwe potentlal of labour decreases.*®

Nutrition and health expenditures’ are clearly made in order to satisfy current needs
and can be classified as consumption; in the case of education, this does not follow
unambiguously. In facf,’ a considerable part of the educational activities may not be
‘cons;idered as pure pleasure and is probably_ conceived as a traditional investment
activity. | o |

To analyse the implications of productive consumption in the context of growth, the
productive consumption effect is interpreted as énhaﬁciﬁg the stock of human capital.'
This cehtral hyp,othesis 1s specified i‘bn"the form of a human-capital-enhancem‘ent-'
_ function. In its intensive form, tlﬁé concave and tw'ice' continuously diﬁ'erentiable

function reads:

()= HeDl-(n+8)-h(D),  with #(O)>0and §'()<0. (D) |

In this case h(t) denotes the stock of human capital per capita at time t,“ c(t)
¢ ' B

consumption per capita, & the depreciation rate of human capital, and 7 the population

% Both propositions must be qualified in the case of education; for this see section 2.1.

% Recent growth models, which intend to endogenise labour supply, indirectly interpret educatlon as
. - satisfying needs. In addition to consumption, the utility function contains "leisure in efficiency units” as -
+ the product of leisure and the individual stock of human capital as an argument, see Ladron-de-Guevara,
Ortigueira, and Santos (1997), pp.130. Moreover, see Lazear (1977), who theoretically and empmcally .
analyses the question whether education should be regarded asa productlon or consumpnon Process.
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- growth rate, respectively."Equation 3.1 represents the equation of motion :for the
average stock of human capital. As a result of productive consumption activities, the
stock of human capital pe‘r capita increases according to the function #le(D)], while it
decreases due to depreciation and population growth. Consequently, @lc(?)] can be
desngnated as the gross human-capltal-enhancement-ﬁmctlon The posmve but
decreasing margmal human-caprtal-enhancement-eﬂ'ect of ~ consumption

[4'(c) > 0,4"(c) < 0] appears justified by the empirical evidence. The "smooth" shape

.may not be reasonable at an individual level. However, this assumption hardly appears

o problematlc at an aggregate level that is if (3.1) is mterpreted in the sense of an average

E human-capltal-enhancement—ﬁmctlon

On account of its static character, the traditional efficiency wage theory was forced -
to assume that consumption increases the eﬁ_iciency of labour without any delay. In
contrast, equation (3.1) indicates 2 human-capital-enhan(;ing-eﬁ’ect of consumption for
‘the next period The above-stated formulation of the. human-capital-enhancement-'
function means that human capital is formed exclusrvely as a result of productive
consumptlon Consequently, formal educatlon as far as it represents an investment
decision and learmng-by-domg effects are ignored. The representation of productive
consumptlon effects together w1th for example, formal educatlon is natura]ly poss1ble‘

within the framework ofa comprehensrve productxon function for human capital:
h(t) B [1 u(t)] h(t) +¢[c(t)] (0+n)- h(t) ’ ‘ (3.2)

The first term on the right-hand side equals the production function for human capltal‘

corresponding to the Uzawa-Lucas model 38

Several authors have recently mcorporated a subsrstence level of consumptron into
) drfferent growth models by means of Stone-Geary preferences [Rebelo (1992), Ben-
David (1994) Easterly (1994), Sarel (1994)]. The concept of a subsistence level of
consumptlon can be related to the human-capltal-enhancement-ﬁmctlon The subsistence

level of consumption can be 1nterpreted to denote the income level below which survival

3

3 To the best of my knowledge, the only model whlch postulates consumption to be productlve in the
sense of increasing the stock of human capltal is Becker and Murphy (1988), though they call it
consumptlon capltal“ . ‘

% See Lucas (1988) p. 18
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is impossible, that is the physical minimum of existence % The subsistence level of B
consumptlon can be considered to represent the minimum gross enhancement of human
: caprtal to cover deprec1atlon The differences between the concept of subsistence
consumption and the human-capital-enhancement-ﬁmction are the following: (a) the
former represents a modification of the standard preference formulation while the later
represents a modification of the-technological opportunities, and '(b)' the hurnan-capital-' \
enhancement-ﬁmction continuously accounts for productive consumption effects beyond ,

the subsistence level.

The hypothesis of productive consumption in the form of equation (B.Dor (32)is
) ‘not an assumption which serves primarily for abstraction, that is reducing the'complexity
of the real world. It rather constitutes a crucral assumption for the growth ‘model |
presented in the next section, which focuses on rmportant aspects of capltal accumulatlon |

and growth in DCs.

3.1.2 The model

The lihear ‘growt‘h model [Romer (1986), Barro (1990), Jones and Manuelli (1990),
Rebelo (1991); in addition see Barro and- Sala-i-Martin (1995) chapter 4] is a fairly |
snmple endogenous growth model. Due 1o its srmple structure, it shows very clearly the
conditions for permanent growth as well as the main unphcatlons of the endogenous .
growth theory. Permanent’ growth is guaranteed by constant returns to scale in the‘
factors that can be accumulated as well as a sufﬁcrently high marginal productmty of
these factors The steady-state growth rate is determmed by technology and preference
parameters, so that mtematlonally dlﬁ’erent parameter values can explam internationally
dlﬁ’erent growth rates. A specral feature of the hnear growth model is that the steady-

state is realised at any point in time; consequently, transmonal dynamics do not exist. In

R The subsistence level of consumption is sometimes denoted as the minimum absolute poverty line; for
details and empmcal estimates see World Development Report (1990).

. “Fogel (1994) reports estimates of the daily calorie requirements to cover the baselme mamtenance (the
energy to keep the body functioning; that is basal metabolism plus energy for ngestlon of food and vrtal ,
“hygiene) for American males in the 18® century; see Fogel (1994), p.372.

“! For a derivation of the general conditions of permanent growth see Jones and Manuelli (1 997).
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the following, a modified linear growth model extended by produ’ctive' consumption is
- presented in a general form using continuous time notation.42 '
Every representative household has access to a one-sector production technology
with capital [K(2)] as the only mput which is employed to produce an output good
[ y(t)] that can be used umversally for investment or consumption purposes. The

productlon functlon in its intensive form reads: o ‘ _
D)= f[k(t)] with f(0)=0 wmd =4 @3

' The production functlon is linear homogeneous and, hence the marginal product1v1ty of
capital (A) is- constant. The absence of diminishing returns is crucial for the generatlonl
of endogenous growth and can be justified mamly by two mterpretatlons First, capital is
thought to exhibit positive spill-over eﬁ‘ects or, second, capital can be 1nterpreted'

‘ broadly Followmg thlS second mterpretatlon capltal is defined to encompass physical as

- well as human capltal In addition, both types of dapital can be addltlvely aggregated if

they are. assumed to be perfect substltutes in productlon

k(t)=kp(t)+kh(t). i - - (3.4)

Physical capital per capita [%,(2)] increases as a consequence of the renunciation of
'c'onsumption taking into account the rate of depreciation (J) as well as the rate of

population growth (n):

k(1) = fTHD)]- (n+5)k(t) c(t) . ey

_ H}uman'oapital,per- capita.[kh (t)] is exCluSively formed by productive consumption;
the eqnation.of motion for human capital equals the human-capital-enhancement-

function:

bO=HO-(+0): k(0. 69

* The linear growth model is used as a framework primarily because of analytical reasons. The: model
“implies a constant saving raté and constant growth rates. Consequently, any pattern of a changing
saving rate and the occurrence of transitional dynamics can be assngned directly to the productlve-
consumpnon hypothesis. -
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The gross human-capitalfenhahcementAﬁxnctiQn @lc(?)] is assumed to be strictly
concave and twice continuously differentiable with asymptotically vanishing first and

secopd derivative:

¢'(c)>d,¢"(c)<0, ﬁ_x’r:o¢'(c)=0 and, hence, ﬁ_:l}o¢"(c)=0. 3.7

Using the simplifying assumption of identical depreciation rétes, the equation of

motion for the whole stock of capital per capita reads according to (3.4) as follows: -~ -
k(t) = fTk(D)] - (n+8)- k(1) - yle(1)]
with ye(1)]= c(r) - gle(2)]. | (3.8)

Usually, consumption is costly because it fully reduces net investments, that is the
accumulation of capital. In the present context, consumption partially contributes to the

accumulation of human capital. Consequently, (c) can be designated as the ret cost of

consumption (ncc), which consists in consumption less the human-capital-enhancement

effect of consumption.®

‘The representative household is assumed to maximise its ‘dynastic lifetime utility. The
corresponding dynamic optimisation problem is a concave, infinite time problem of
optimal control with one control [¢(¢)] and one state variable [K(f)] as well as a

bounded control set:

©

max [ u[c(2)]-e P~ dy
{e(} { '

k(1) = fTk(D]- (8 +m)- k(1) = yle(®)]
k(0)=k,, k(t)=0

0 <c(t) < FTk(D)], | (3.9

where c(t) denotes per capita.consumption at time ¢, #[c(f)] the instantaneous utility
function, p the iridividual time preference rate, and 7 the constant growth rate of

population, respectively. The instantaneous utility function is assumed to be strictly

“1 thank Karl-Josef Koch for suggesting the clarifying expression "net cost of consumption". '



18
concave [%'(C) >0 and u'(¢) <07 and to possess‘ a 4co'nstant elasticity of marginal

A R u"
utility with resp‘ect to consumption (oc=- (f))c) that is a constant mtertemporal
: : ‘ u'(c ‘ g
elast101ty of substltutlon (1/ o).

~ The marginal ncc [y'(c)=1- ¢' (c)] is, negatlve as long as the margma] human-
_ capital-enhancement effect of eonsumptlon is greater than one. In this case, it clearly
makes no sense to fefrain from consumption and, therefore, saving‘_ rhust be zero.
Moreover rational individuals would try to dissave whenever this possibility arises
However, since only human capital has been accurnulated in the past and the
transformation of human capital into consumptlon goods seems to be impossible, the

_. (state-dependent) mequahty constraint on the control [c <f(k)] must be 1mposed and

will turn out to be effecttvely binding at early stages of economic development.

The Lagrangian and the current-value Hatmltoman for the maxlrmsatlon problem
(3 9) read as follows '

L(c k, A, v,) = H(e, k,A)+ v - [f(k) c]+v2 @l

H(ck)») u(c)+/'t [f (k) @+mek-p@l. e

The Hamiltonian (3.11), which represents the contribution of current output allocated to-

consumption and investment to the overall beneﬁt illustrates the "dual welfare-effect” of

 (productive) consumption. The first part shows the direct contribution to utility [ %(c)].

. As already mentloned, productive consmnptlon reduces the ncc [ ()] according to the
-human-capital-enhancement-eﬁ‘ect of consumption [¢(c‘)] " The second part of the

Hamnltoman representmg the net increase in the capital stock evaluated at the current-

value shadow price (/l ), captures this mechamsm

“ For a presentation of optimal control theory with bounded control sets, see Kamien and Schwartz

-(1990), section 10. Especially for optimal control theory with state-dependent inequality constraints on
the control variable, see Feichtinger and Hartl (1986), chapter 6. In order to simplify the notation, the
.time index will be suppressed in the followmg ' .

- * For an economic interpretation of the maximum principle and the Hamiltonian see Dorfman (1969)



19

{ .
i The application of the maximum principle leads to the first-order conditions, where

v, and -Vz denote the dynamic Lagrangian multipliers associated with each of the

inequality constraints stated in (3.9):%

Gk I0Gkeve, e
; | L e ' ' o
h=aGo=m)-Z = 2o+ 5= L WN-% LB, 613

v %= z&'(c)—ﬂ,-yf'v(c)‘— n+n =‘0, / 3.149)
¥ 20, | 1/1-[f(k)—01=0,' | S (3.15)

3.1.3 Implications

The first-order conditions stated above indicate that boﬁndary solutions have to be
distinguished from interior solutions. Furthermore, - within interior lsolutions, the
transition process can be distinguished from the asymptotic balanced growth equilibrium.

" In order to illustrate the implications of the linear growth model with producﬁve
‘consu}nption, three ranges are distinguished: The no-saving range, the transition rangé

and the asymptotic range.

| No-saving range

The first-order conditions (3 14), (3.15), and (3.16) nnply a boundary solution w1th
c= f (k) if the following weak mequahty holds:

d@O)2A (). | @I

% Because the Hamiltonian is concave in the control and the state, the necessary conditions are also
sufficient for a maximum. In addition to the first-order conditions an optimal trajectory must satisfy the
‘transversality condition: }jy o~(7-") . AR -k, (@) =0- Note that the transversality condition only apphes

1—o
to capital which results ﬁ'om the renunciation of consumptmn that is physical capital.
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As long as the marginal utility of consumption exceeds the marginal ncc .measured in
units of utility, an increase in consumption approaching the upper limit of the control set

[k20,0<c< S (k)] seems to be rational and, consequently, saving is zero. -

Within the no-saving range the evolution of the econbmy is determined by the

equation of motion for capital (3.8), taking into account that saving is zero:
- IE=¢[f(k)]-—(5+n)-k.\ | o ‘ | (3.18)

Note that an increase in capital per capita is possible in the 'prese'nt model although the
- saving rate is zero. As a consequence of the properties of the human-capltal-
enhancement—functlon, the differential equatlon in the capital stock (3.18) possesses a
stable equilibrium point whenever the sum of the depreciation rate and the population
growth rate is positive. If the stationary value of capital per capita lies inside the no-
saving range, the economy runé”into a poverty-trap: Individuals do not save during this
early stage of economic development and no physical capital is accumulated. However,
human capital js created as a consequence of productive consumption activities. Because
of the diminishing marginal human-caﬁital—_enhancement-eﬁ‘ect of consumption, the net
human capital accumulation decreases and may approach zero béfore the end of the no-

saving range is reached and the accumulation of physical capital sets in.*”

The growth rates of consumption per caplta and output per caplta are equal to the

growth rate of capital per capita:

I
< |

=%=1’%_(5+n). : N R O)

The growth rate of consumption per capita in (3.19) is independent of preferences. That
is, the intertemporal elasticity of substitution (IES) is effectively zero within the no-

saving range.

* *" Surprisingly, the possibility of a poverty-trap even opens up within the framework of an endogenous
growth model. One can expect that productive consumption within a neoclassical model -increases the
probablhty of a poverty-trap.
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Transition range

The ﬁrst-order condmons (3 14), (3. 15) and (3. 16) 1mp1y an -interior” solution
(0 <c< Wif the following equality holds

u'(c)=‘;1-y/f(c)'.' - R (320)

As soon as the margmal utility of consumption equals the marginal ncc measured in - -
units of ut111ty, the optlmal trajectory leaves the boundary and runs into the interior of the
open control set [k >0, 0< ¢ < f(k)]; provided that the poyerty-trap dxd not become
binding. Along. the. optimal trajectory, equality (3.20) holds as a necessaty optimum

condition. Taking into account the definition of the marginal ncc [ w'(c)=1=¢' ()] asv |
| well as the conCavity of the utiiity function 'and comparing (3.20) to the usual optimum
' condmon [#'(c)=A], it becomes clear that the level of consumptlon is hlgher compared
to a situation without productive consumption effects, as one would expect

.Diﬂ‘erentiation .of equation (3.20) with respect to time, subsequently dividing the
result by the original relatiop (3.20), elimihating the shadow price using equation (3.13),

- and noting that v, is ‘zero for an interior solution yields the optimal growth rate of

consumption per oapita:'
e 1 L
e et (A OREE
e AR
L ey @@ e
with ”w'(c)f /) 1—¢'(c)<0' _ , | (3.21)

The evolutlon of the economy in the case of interior solutlons is govemed by the
differential equatlons in the state (3.8) and in the control (3. 21) The second expression

of the denormnator on the right-hand side of (3.21) denotes the elasticity of the marginal

* The third possibility of ¢=0 would require #'(c)< A-y'(c). On account of the characteristics of
the utility function and the human-capital-enhancement-function as well as a positive shadow price of
capntal the case of ¢ = 0 does not emerge. , :

“® The validity of the so-called growth condition f'(k) >p+d is assumed. Equation (3 21) is only

valid for an interior solution, where the margmal ncc ‘must be smaller than one. Consequently, the
. denominator of My (c) .cannot become negatlve and Ty (c) is well defined.



22

ncc with respect to consumptlon [7, .(¢)]. Corresponding to the nature of the human-
' capltal-enhancement-ﬁmctnon, Ny (c) is negatlve while its absolute value decreases w1tha
" an mcreasmg level of per capita consumption and asymptotlcally approaches Z€ro.

Equation (3 21) is the' modified Keynes-Ramsey rule of optlmal consumptlon/savmg .
 The ratio on the nght-hand side of (3.21) can be des1gnated effective IES (elES). 1t is
- worth noting that the eIES is not excluswely determined by the instantaneous utility
function but that it is addmonally dependent on the technological possibilities to enhance
 the stock of human capital as a result of pfoducti\}e consumption. The elES expressec the
‘ Wllhngness to substltute consumptlon 1ntertemporally, takmg into account a change in
the marginal utility as well as a change in the margmal ncc. Along the (mﬁmte) transition
to the asymptotlc balanced growth equlhbnum the eIES and the growth rate of

consumptlon per caplta increase.

W1th respect to (3.21), one could argue that productive consumption has no impact
on growth rates if one only assumes the human-capltal-enhancement-ﬁmctlon to imply a .
constant elasticity of the margmal nc, analogous to the use of constant intertemporal

) elastlcuy of substltutlon (CIES) utlhty ﬁ.lnctions The class of human-capital-

: enhancement-ﬁmctlons wtuch give rise to a constant elasticity of the margmal nec canbe

'shown to be of the followmg form (see the appendlx)

fOme-Bd g, gy

where a; and a; are some positive c‘onstants and 77 denotes the (constant) elasticity of |
~ the marginal ncc. HoWever it can be shown that (3.22) cannot fulfil the requirements of

C#'(c)>0. and ¢"(c)<0, stated in (3.7). In addition, the conventlonal case of

consumptlon mducmg no productlve effects at all can be cons1dered as a speclal case

w1thal—l az-Oandn 0.

' In order to ‘nge a clear economic interpretation of the modified Keynes-Ramsey rule,

equation (3.21) is slightly reworded to: :

f (k) ='p+"5—,-“"(c)'c' A GR:

@ e 6B
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The third term on the right-hand side of (3.23) is the percentage time rate of “change of :
the marginal utility which represents "the psychic cost of saving". The last term on the
. right-hand side is the percentage time rate of change .of the marginal ncc. Holding an
additional unit of capital during a short interval' of time causes a rising consumption
profile and induces a’ rise in the marginal ncc. Along the optimal ‘pat‘huthe rate of

consumption at each moment must be chosen so that the marginal "productivity of capital |
covers four components: the time preference rate, the deprematlon rate, the psychic cost

of savmg, and in addmon the rise in the marginal ncc

The saving rate is zero at the beglnmng of the transition process and can be shown to
converge asymptotlcally toward a positive constant which equals the saving rate of the

original linear growth model (see the appendlx and section 3.2, ﬁgure 3).

~ What about the growth rate of per capita mcome? Whether it decreases or increases

- seems not to be unequxvocal a priori. Dlﬁ‘erentlatwn of the growth rate of per caplta |

income with respect to time yields:
dk_dge) dc

iy 324)
dk d ok drk

The first term on the right-hand 51de of 3. 24) represents the time rate of change of the
- growth rate of human capltal per capita, while the second term on the nght-hand snde of
(3.24) represents the time rate of change of the growth rate of physical capital per capita
(see the appendix). Because no eXplicit solution can be found for the differential e’quation
system (3.8) and (3.21), the time path of the growth rate of capltal per caplta and income

per capita is analysed by means of a numerical solution (section 3. 2)

Asymptotic range
.The linear growth model with productlve consumptlon does not possess a ‘balanced
- growth equilibrium deﬁned by constant growth rates. However, its asymptotic propertles
T are charactensed by the asymptotlc balanced growth path (BGP ). Inside the interior of

the control region, the optimal trajectory asymptotically converges to this BGP®, along

‘which the growth rates of all endogenous variables are identical and constant. In order to

% For an economic interpretation of the Keynes-Ramsey rule see Dorfman (1969), p. 825.
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get an idea of the asymptotic behaviour of the extended 'linear growth model, consider
the growth rate of capital per capita as time approaches infinity and consumption per

capita as well as capital per capita grow without bounds:

hm—-(f(k) 5-n)- ,3_%%%?&;—) C (3.25)

c—>® C—>®

‘N

The last term on the right-hand side of (3.25) eventually vanishes [see equation (5.7) in
the appendix]. With respect to the relation between the asymptotic growth rate of
consumption per capita (¥, *) and the asymptotic growth rate of capital per capita
(7 *), three cases can be distinguished in principle: (a) . * <y, *, (b) 7. *>y, *, and
©@7r*=r*

“In the case of (a), equation (3. 25) 1mphes an asymptotic growth rate of capital per
Vcaplta equal to f"(k)—&~—n. However, this would violate a necessary optlmum
condition, the transversality condltlon (stated in footnote 46).”! In case (b), equation
. 25) formally unphes that the growth rate of capital per Caplta tends to minus infinity.
In fact in this case the traJectory would hit the boundary of the admissible control set
- and would subsequently run into the poverty-trap Th15 can obwously not be optlmal as

well. The only remaining possibility is case (c) with v.*=y, *, that is the asymptotic

growth path is characterised by identical growth.rates of consqmptlon Jper capita and
capital per capita. Taking into account the disappearance of the elésticity of the marginal
~ nce as time approaches infinity, equation (3.21) shows the asymptotic growth rate of per

capita consumption. The relation y.* =y, * together with the production function (3.3)

3 Because physical capital accumulation is a linear fanction in output and human capltal accumulation
is a sub-linear function in output, the portion of physical capital to overall capital asymptoncally goes to
one. Consequently, the asymptotic growth rate of physical capital equals the right-hand side of (3.25),
ignoring the last term. The transversality condition forces the stock of physical capital per capita to grow
asymptotically with a rate smaller than 1" (k)— 5 —n. To see this, note that the transversality condition

" can be written as hm ,1(1-) e~ h-d-myt 4 ROE 0> where 7 denotes the point in time for whlch an

mtenor solunon occurs for the first time; see Barro and Sala-i-Martin (1995), pp. 167-169.
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imply that all endogenous variables, that is consumption per capita, capltal per caplta

and income per capita, asymptotlcally grow with the same growth rate:*?

limé=ljm£=liml.j=o-'1-(f'(k)—5‘—‘p).' o - (3.26)
15w ¢ PRy 4 ooy i o

Finally, ﬁgufe 1 sketches the phase diagrani of the extended linear growth xiui_dél; The
two rays starting frotn the origin represent the productioh function and the asymptotic
: balancéd growth path (BGP™), réspecti\_fely. The curve starting from tlte origin, running
through the set:ond quadrant, crossing the ordinate, and entering: the ﬁrst quadta‘ntj
represénts the & = 0-locus. The horizontal broken line marks the level of per capita
ct)nsumption-for which the marg}nal human-capital-enhancemént-eﬁ‘ect of cbnsumptioﬁ
equals one. Thé;’ regio.n'belo‘w th_is line necessarily belongs to the no-saving rartge and the
~ dynamics of the system is governed by (3:18) and c= fi (k).’ Starting with an initial
stock of ’capit'al per capita k,, which is chosen Sui‘ﬁciently small to give rise to a.
boundary soiution at the starting point, the cbneéponding level of consumption perv
7 caplta Cp is located on the boundary of the control set. The optimal trauectory |
(equﬂlbnum growth path, EGP ) moves along the production function to the noxth-east
and enters into the interior of the control region as soon as the margmal utility of
consutﬁption equals the marginal ncc measured in uriits of utility. However, if this
"critical point” is located in the noﬂh—east in relation to the poverty-trap coordinates
(¢,k), the economy would run into a poverty-trap. Provided that the poverty-trap did
not bec‘ome’ binding, the EGP enters into the interior of the cdntrol region and
converges to .the BGP” (which equalé the BGP of the linear ntod'el) as time
approaches infinity. | | - B

32 The production function is assumed to be sufficiently productive to guarantee. permanent growth, and
overall utility is assumed to be bounded. This requires: f*(k)-J8> p> [a- o)/ o} (f'(k) -8~ p)+ n;

. see Barro and Sala-i-Martin (1995), p. 142.
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Figure 1: Phase,diagram of the linear growth model with productive consumption

3.2 Simulation results

In order to ﬂlustrate the dynamics of the model, the transition process for an interior
'solutlon is simulated. That is, the system of dlﬁ'erentlal equatlons (3.8) and (3.21) is

approximated numerically by use of the subroutine NDSolve of Mathematica. The |

‘ l1-o
following functions and parameter values are employed: u(c) -—(t—)——,
' o : -0

f)=A-k, g(c)=c?, 4=01, 6=3, 6=002, p=001, n=003, and
B=005(B=035)%" |

s The initial conditions are detemuned as follows: First, an arbltranly but sufficiently high value of

capital per capita is selected. The value of per capita consumption is chosen to be located on the
asymptotic balanced growth path. Second, starting from this point the dynamical system is solved
backwards. Third, the resulting trajectory in the c/k-plane passes through the boundary of the control
set, this point of intersection is used as the starting point of the forward solution, The initial values of
the backward solution are sufficiently high in the following sense: Multiplying ‘these values by two and
following the same procedure does not alter the time paths of the figures 2 to 7 significantly.
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The figures 2 to 7 show the time paths of the consumption/capital ratio (¢ / k), the
. saving rate (s), the gréwth rate of capital per capifa (grk), the growth rate of
consumption per capita (grc), the elasticity of the marginal ncc (77), and the effective

intertemporal elasticity of substitution (eIES), respectively. Several points are ‘worth

noting;
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: First of all, all variables’ monotonically converge to- their asymptotic steady-state
values. The speed of convergence measured by the use of the consumption/capital ratio
according to b(f)-b*= [b(O) - L is 4=-In(05)/15=0.046. The broken
'hne in ﬁgure 2 shows the time path of the consumptlon/capltal ratio for the case of
ﬂ 10.35. The, speed of convergence in th1s case is A =-In(05)/20=0.035. |

Therefore the speed of convergence is mversely related to the efficiency of the human-

K capital-enhancement process. The €conomic. reasoning for this result is as follows: The B}

- higher the. margmal human-capltal-enhancement eﬁ’ect of consumption, the stronger is
“the bias against saving. Consequently, because the margmal human-caprtal-enhancement ‘
effect of consumption is smaller than one for mtenor solutrons the accumulation of

_(physical and human) capltal is smaller on balance

Second Rebelo (1992) argues that an important shortcoming of a "broad class of
endogenous growth models" is that they cannot explain different growth experiences in
the presence of international capital markets Provided that some symmetry with respect

to technology and preferences holds, all economies face the same real rate of return and, -
consequently, exhibit the same rate of growth of per capita income. After discussing
several extensrons. of the basic linear growth model, Rebelo concludes: “7n’ summary,
with the exception of ;axation ‘uvnvder\ the worldwide system, the mechanisms described
[...] do not survive as sources of growth diﬁ‘eréntials in the pres'encé of international
 capital markets.” >* The linear growth model ‘with productive consumption shows
transitional dynamics which survive international capital markets and identical real rates |
of return. » o — |
- Third, as ﬁgure 3 demonstrates the (gross) saving rate increases from zero at the
| beginning of the transition and converges'to its asymptotic balanced growth value. The
solid line is based on S = 0.05 while the broken line is based on 8 = 0.35. The rising
time path of the saving rate in turn implies a positive correlation between the saving rate

and per capita income as figure 8 demonstrates; based on § =0.05:

>4 Rebelo (1992), p. 27. Rebelo suggests a modification of the standard CIES preferences into Stone- -
, Geary preferences to solve this theoretical problem
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The empirical evidence for. a positive correlation between the saving rate and the
level of per capita income is oizerwhelming.55 As an illustration of the cross-country

_result considef the following table:

Group of Countries GNP per equivalent adult " Personal Saving as
(number o fcouﬁ tries) in 1985 8; 1980-87 average | a percent of GDP °
Low-income-countries (16) | ] 1,324.4 11.2
Lower mlddle-mcome o 2,805.8 | A SR TA T
countries (16)
Upper middle-income 6,165.5 1 19.5
countries (11) S - :
High-income countries (15) 122929 - 211

Table 1: Personal saving rates and GNP per capita; class1ﬁcatlon of economies accordmg to
World Bank (1994). :

Source: Ogaki, Ostry, and Reinhart (1996),p 44/45. -
? With a few’ exceptnons 1985-1993 averages; for details see Ogakx Ostry ‘and Reinhart _
(1996) ‘ ‘

"Table 1 shows a clearly positive relation between the savmg rate and the level of per

capita income, with the largest increase in the saving rate occurring with the transition

55 See Thn'lwall (1974), chapter 7, for a review of the older and Reichel (1993) for a review of the more
recent literature. In addmon see Rebelo (1992) and Ogakl Ostry, and Reinhart (1996).
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from low-income to lower middle-income countries. Obviously, the relation between the

saving rate and the level of per capita income is non-linear which is in line with figure 8.%

Fourth, the growth rate of capital per capita and thus income per capita decreases .

during the transition process (ﬁgure 4). This result is somewhat surprising. intuitively, a
rising saving rate induces two effects on the growth rate of capital: (a) As time proceeds
a rising portion of output per capita (saving rate) is used for gross physical capital

investment, and (b)a falling portion of output per capité (consumption rate) can be used

for gross human-capital-enhancements due to productive consumption. As the marginal.

human-capital-enhancement-effect of consumption is smaller than one for interiof
solutions, one would ai first glance ‘expect that effect (a) dominates effect (b). However,
as (3.24) indicét_es the crucial peint is whether the time rate of change of the human
capital component exceeds the time rate of change of the physical capital component.®’
Obviously, figure 4 shows that in the ﬁresén{t‘ case the time rate of change of the human
capital component dominates the time rate of change of the pﬁysical capital component.

That is, the model implies (conditional) B-convergence as well as a n'Si_ng saving rate.

- Fifth, figure 6 shows the elasticity of the marginal ncc, which is negative and -

" - asymptotically converges to zero. As a consequence, the elES is low at early stages of
economic development, increases and asymptotically approaches a constant (figure 7).
Note that for boundary solutions the IES is effectively zero [see edueﬁon-(3. 19)]. Several
authors have reported empirical 4evidence’ in favour of JES-values which do not

signiﬁcantly differ from zero in the case of low-income countries [Giovannini (1985)] as

Well'as empirical evidence in favour of a positive relation between the IES and per capita
income [Atkeson and Ogaki (1996) and Ogaki, Ostry, and Reinhart (1996)].>® The

present medel implies a rising e/ES during the transition due to the technological

possibilities to enhance the stock of human capital as a result of productive consumption.

3 A positive correlation between the saving rate and the level of per capita income even results from the
absolute-income hypothesis as well as the explicit consideration of a subsistence level of consumption
within the instantaneous utility function (Stone-Geary preferences), for this see Rebelo (1992), Easterly
(1994), and Ogaki, Ostry, and Reinhart (1996).

57 The appendix clarifies the relations between the two components 'of (3.24) and the two componems of
the growth rate of overall capital per capita. :

8 The finding of a very low interest rate sensitivity of saving in a number of DCs has led several authors

"to consider a number of hypotheses that could explain this result. Mainly two hypotheses were

employed: liquidity constraints and Stone-Geary preferences [Rebelo (1992), Easterly (1994), and
Ogaki, Ostry, and Reinhart (1996)]

[
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From this one can explain, for example, the negligible effects of financial liberalisation

measures with the objective to increase the real interest rate, encourage savings and

foster economic growth in the case of low-income countries.*

‘ Sixth, King and Rebelo (1993) express. very élear]y a well-known quantitative
problem of the neoclassicﬂ‘ growth model: "Generally, when one tries to explain
sustained economic growth with trdnsitional dynamics, there. are extremely
counterfactual implicatibns. These result ﬁ'omfthé fact that implied marginal products
are extraordinarily high in the early stages of development”.  The extended linear
growth model with productive cohsumption does not bear this implication. Sustained
economic growth with transitional dynamics is cpmpatible with a constant marginal

product of the reproducible factors.*!

Finally, the subsequent figure 9 shows the share of human capital to overall capital,
labelled the human capital share (kcs).

hcs

figure 9

25 50 75 100 125 150 175

 The declining time path of the hcs illustrates the major importance of human capital

which is exclusively accumulated as a result of productive consumption at early stages of

* See Ogaki, Ostry, and Reinhart (1996).
% King and Rebelo (1993), p. 908.

' The Jones/Manuelli model can explain both transitional dynamics and sustained growth. But- tlus
model suffers in the same way from the unrealistically high marginal products of reproducible factors
See Jones and Manuelli (1990) and Barro and Sala-i-Martin (1995),-pp. 161.
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development. On the other hand, the relative importance of human capital eventually

vanishes as the economy develops.

| 4  Summary and Conclusion

Empirical evidence clearly indicates that productive inputs are not exclusively
- accumulated as a result of the renunciapion of consumption. Especially at early stages of |
economic development, consumptibn canin a 'speciﬁc sense be regarded as a source of
the accumulation of a productive input (human capitgl) and thus output growth. The
xhodel presented above sheds :some light on the importance and implications of
productive consumption, capital accumulation, and growth in DCs. Specifically, the
incorppration of the productive-éonsumption hypothesis into a simple endogenous

growth model reveals the following implications:

‘(a) The "harsh" intertemporal consumption trade-off traditionally assumed is
modified. More concrete, the time rate of change of the marginal net cost of
consumption has to be taken into account for selecting the optimal consumption ’

path. The optimal rule of consumption turns into a modified Keynes-Ramsey rule.

(b) The intertemporal elasticity of substitution is no longer exclusively based on the
instantaneous _utiiity function. The technological opportunities for enhancing the ‘
stock of human capital as a result of productive consumption additionally
determine the effective IES (efES). Conéequently, the elES consists in the

( elasticity of marginal utility as well as the ‘eIasticity of the marginal net cost of

consumption.

(c) As Gersovitz (1983) has demonstrated within the framework of discrete two-
- period models, the saving rate increases with income if consumption is productive.
In contrast to Gersovitz, this is shown within the framework of a continuous

growth model and no special parameter restrictions are necessary for this result.

(d) Different growth expériences are explaiﬁed as a result of transitional dynamics to
an asymptotic balanced growth equilibrium. The speed of convergence is
inversely related to the efficiency of the human-capital-enhancement process. The.
‘model does not imply unrealistically high values of the marginal product of
rreproducible factors for low incomes as all lversions of the neoclassical growth

model [see King and Rebelo (1993)]. Neither are identical real rates of return
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across economies due to international capital markets inconsistent with diverging

growth rates for different countries [see Rebelo (1992)].

Generally, there are two theoretical possibilities to explain different growth
experiences. According to the first strand of models, the empirical ‘datva are interpreted to
represent a balanced growth phenomenon and, consequently, these models show the
pos51b111t1es of multiple balanced growth paths [e.g. Azariadis and Drazen (1990)]. The
second strand of models mterprets the empirical p1cture as representing a transmon |
phenomenon and emphasises the importance of transition processes [e.g. Romer (1986)]
The model presented in this paper is assigned to the second direction. In addition, with
the exception of the poverty-trap it does not possess a balanced growth equilibrium.
However, it possesses an asymptotic balanced growth equilibrium [see Jones and
Manuelli (1990)]. | | |
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5 Ap'pendix
Human-capitaléenhancement-ﬁmctions with c;)nstant n

- The elasticity of the marginal ncc is defined as follows: '

_ey'(e)_c-¢"(c)
v 1-4()

- The class of human—capltal-enhancement-ﬁmctlons Wh]Ch 1mply a constant elasttclty of

(5.1) |

' ﬂyz' (C) =

, the margmal nec is derlved as follows:

Lopopen--2 . 62
mi-¢@l=-nl@+a (5.3)
1—¢'(c);c_”oe“° | . | . S | ‘, (54) )
¢(c.)'-—-'vc——l%cl","}-l-a2 where a, =\e"°" o (5.5) |

Asymptotic saving rate
. T - :
" The gross saving rate as traditionally defined reads:

E_'%p+(5+n)-k _ k@ em)-k—g(0)
O G

LI CPPUYC) I
f'(k)[ +(5+n) .k)

- (5.6) |

From the propertles of the human—capltal-enhancement-functlon and L'Hopital's rule it

~ “follows that the last term on the nght-hand side asymptotically vanishes:

¢[C(t)] '¢[f (k)] ¢[f ()] £ (k) Kt _
t—)ao k(1) t—-)cc k() t—)oo ' k(t)

5.7

Both ¢[c(t)] and k(t) must be positive and, consequently, (5 7 nnphes that their ratio

, vamshes as time approaches mﬁmty Equation (3.26) shows that the growth rate of
capital per capita and consumption per capita are asymptotxcally identical and constant.
Given the set of equation's (5.6), (5.7), and (3.26) it can be shown that the asymptotic
saving rate cquals' [see Barro and Sala-i-Martin (1995), pp. 142/143]:
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fims= 6 (a0 )—f'(k)( (-0 p)+6+n). - 69)
_f'k)-pto-n+(c-1)-6 | o
o f'(k)

- The steady-state saving rate of the linear growth model with productive coﬂsumpti_on‘ is

constant an‘d'eqUals the saving rate of the original linear growth model.

!

Growth rate of capital per capita

Thé growth rate of capital per capita according to (3.8) is
L N e
and its time derivative ieads:

dk_dgo)_de

, , (5.10)
dik dt k dtk

The growth rate of capital per capita can likewise be expressed as a weighted sum of the

- growth rates of physical and human capital:

kbbb b : B A
Kk Kk k - — .

The first term in (5.10) is closely related to the time rate of change of human‘capital, .‘

M:ﬁ.&h_.l.(n+5).k_h, . (5.12) '
k k, k ‘ S

while the. second term in (5 10) is closely related to the time rate of change of physxcal -

capltal ' '

© f'(k) [k 3 (n )k) ( )_

P
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