March 2001

Farm Work, Home Work
and
| nter national Productivity Differences

Douglas Gallin
Williams College

Stephen L. Parente
Universty of lllinois

Richard Rogerson
Universty of Pennsylvania

ABSTRACT

Agriculture's share of economic activity is known to vary inversely with a country’s level of
development. This paper examines whether extensions of the neoclassica growth model can
account for some important sectoral patterns observed in a current cross-section of countries and
in the time series data for currently rich countries. We find that a straightforward agricultura
extension of the neoclassical growth modd restricted to match U.S. observations fails to account
for important aspects of the cross-country data. We then introduce a version o the growth model
with home production, and we show that this model performs much better.
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1. Introduction

Economists have long recognized that agriculturés share of economic activity varies
inversdy with the leve of output. This is true both across countries and over time within
a given country. Devdopment economists have traditiondly viewed the process of
gructurd transformation — including the relaive decline of the agriculturd sector — as an
important feature of the development process.! In contrast, modern growth theorists have
tended to absract from sectord issues in their examination of internationd income
differences. A mgor branch of recent research in this area uses one-sector versions of the
neoclasscd growth model to examine the impact of various policy distortions on steady-
gate income levels. (Examples include: Chari, Kehoe and McGrattan 1996, Parente and
Prescott 1994, Prescott 1998, and Restuccia and Urrutia 2000.) A generd finding of this
research is that such modds can plausbly account for the huge observed disparity in
international incomes provided that the combined share of tangible and intangible capita
in incomeis around two-thirds.

The purpose of this paper is to determine whether such models can aso account for
the sectord patterns present in both the cross-section of countries and the time series of
the currently rich countries. To accomplish this we consder agriculturd extensons of
the neoclassca growth modd and assess the quantitative implications of policy

digortions on both incomes and sectoral compostion for the models cdibrated to US

! The relevant literature from devel opment economics on structural change istoo large to summarize, but
key works dealing with the changing importance of agriculture in the process of economic growth include:
Johnston and Mellor 1961, Fei and Ranis 1964, Schultz 1964, Lewis 1965, Kuznets 1966, Chenery and
Syrquin 1975, Johnston and Kilby 1975, Hayami and Ruttan 1985, Mellor 1986, Timmer 1988, Syrquin
1988. A key debate in thisliterature is whether agriculture diminishes in importance because it has low



observations. By doing so, we hope to provide an additional test of these theories while
dso offering a caeful invedtigaion of the dam — centra to traditiona development
economics — that sectora differences are criticd to understanding internationa income
disparities.

Our andyss begins with a draightforward extenson of the neoclasscd growth
modd to indude an agriculturd sector. Following the literature, we consider policy
differences across countries that serve to increase the cost of capitd. We find that the
modd fails to replicate the enormous cross-country disparity in relative productivities of
agricultura and nontagricultural sectors.  This is true whether we consder distortions
that affect the agriculture and non-agriculture sectors equaly or unequaly. As first noted
by Kuznets (1971) for a smal set of countries and documented here for a larger set of
countries, output per worker in agriculture relative to output per worker in nor:
agriculture is much smaler in poor countries than it is in rich countries. Moreover, for
today’ s rich countries, thisratio has been rdatively stable most of the last century.

This falure leads us to seek an dternaive verson of the growth mode that can
account for these relaive productivity differences as wel as the other sectord differences
that exist across countries. Following Parente, Rogerson and Wright (2000), we extend
the standard growth modd to incorporate Becker's modd of home production. We
deviate from Parente et al. by incorporating spatid heterogeneity into our mode so that
home production possibilities differ between rura and urban regons. As in Parente et al.,
digortions that discourage capitd accumulation move resources out of market activity

and into household production. In our modd, however, there is an additiond effect.

inherent potential for growth (e.g., Fei and Ranis 1964, Lewis 1965) or because agricultural growth in some
way stimulates non-agricultural sectors of the economy (e.g., Mellor 1986).



These digtortions induce people to stay in the rurd area, where they devote much of ther
time to home production. As a result, marketed agricultural output per worker is lower in
distorted (poor) economies than in undistorted (rich) economies. We redtrict the mode’s
parameters to roughly maich the US observations over the 1870-1990 period and then
explore the consequences of policy differences for cross country differences in income,
sectoral compostions, and sectoral productivity. We find that the home production model
can account for most of the sectoral dfferences observed across countries as well as the
secular changes in the United State over the 1870-1990 period.

As with the home production story told by Parente et al. (2000), this story aso has
implications for true differences in living dandards. Specificdly, if poor countries have a
disproportionate number of ther workers living in rurd aess and they devote a
disoroportionate amount of their time to activities not measured in the national accounts,
then measured output differences will overdate true differences. For this reason, we
perform welfare comparisons between distorted and undistorted economies.  Despite
there being more unmeasured output in the distorted economy, the wefare difference
between rich and poor countriesis dill large.

We certainly are not the first to extend the neoclassical growth mode to include an
agricultural sector. An early literature dating to Uzawa (1963), Taekayama (1963) and
Inada (1963) explored two-sector growth models that could reasonably be interpreted as
representing an  agriculturd  sector and a nonragricultura  sector.  More  recently,
Echevarria (1995 and 1997) and Kongsamut, Rebelo and Xie (1998) have examined the
secular decline in agriculturés importance in the currently rich, indudridized nations.

These papers have not, however, sought to explain the current cross-country differences



in agriculture's share of economic activity. In these papers, only initid capitd stocks
differ across countries, so that al the cross-section observations correspond to different
points dong the same equilibrium path. As we document, this view is incondgtent with
the data. There are important differences between today’s poor countries and today’s rich
countries a pointsin the past when they had gpproximately the same living standard.

There are a number of other dynamic generd equilibrium modds tha likewise
include an agriculturd sector.  Glomm (1992), Matsuyama (1992), and Goodfriend and
McDermott (1995) both take an endogenous growth approach. Laitner (1998) focuses on
differences in savings patterns across countries. His model conforms to Engels's Law, but
the dynamics of his modd are such that there are extended time periods during which
only the agricultural sector is operating. Casdli and Coleman (1998) focus on the secular
decline of agriculture in the United States and the associated decrease in living standard
differences between northern and southern states.

Our paper is organized as follows. Section 2 documents the current sectora
differences across countries and within countries across points in time. Section 3, by way
of background, reviews the standard neoclassicd growth mode. Section 4 anadyzes the
dandard neoclassca growth modd extended to include an agriculture sector. Section 5
anayzes the home production extenson of this modd with an agriculturd sector. Section

6 concludes the paper.



2. Some Development Facts

This section documents some key sectoral aspects of the development process. We begin
with two wel-known facts. The fird is that in a cross section of countries, the agricultura
sector is relatively larger in poorer countries, whether measured in terms of outputs or
inputs. Figure 1 plots agriculture' s share of GDP againgt red GDP per capita, usng 1990
data from the World Bank’s Social Indicators of Development and Penn World Tables
(PWT 5.6), while Figure 2 plots agriculture s share of totd employment againgt red GDP
per capita, usng 1990 data from the United Nations Human Development Report 1997
and PWT 5.6.> The dope of the trend line fitted through the scatter plot in Figure 1 is —
0.094 while the dope of the trend line fitted through the scatter plot in Figure 2 is —0.20.
The poorest countries have as much as 50 percent of GDP comprised of agriculture and
as much as 70 percent of employment in this activity. In the rich countries, these two
shares are less than 10 percent of the totals.

The second well-documented fact is from time series data: the relative sze of the
agriculture sector both in terms of output and employment declines as an economy
develops. This is documented in Figures 3 and 4 using pooled time series data going back
over two centuries for a set of 15 currently rich countries. In these figures the output and
employment shares are plotted against each country’s GDP relaive to the 1985 US level.

Looking a& Figure 4, for example, agriculture's share of totd employment was about 50

2 The World Bank’s Social Indicators of Development report agriculture' s share of GDPin 1990 for 150
countriesin the world. For six more countries, we were able to obtain data on agriculture’' s share from the
1997 United NationsHuman Devel opment Report, and for the United States we used data from the 1997
Economic Report to the President. We then used all of these countries for which 1990 data on real per
capita GDP were available in the Penn World Tablesv. 5.6, leaving us with atotal of 102 countries.

3 Data on employment shares and GDP shares in agriculture are taken from Mitchell 1992, pp. 912-917;
Kurian 1994, p. 93-94; Mitchell 1993, pp. 775-77; and Mitchell 1995, pp. 1027-31. Dataon real per capita



percent in France in the mid-19" century, and about 50 percent in Italy as late as 1920.
During the 20" century, however, these employment shares fel dramaticdly so tha in
1990 they stood at no more than 10 percent in any currently rich country and as little as 2
percent in some countries.

The third fact is not as wel known, though it is documented in Kuznets (1971) for a
smdler set of countries and an earlier time period. Using the data on agriculture's share
of GDP and employment, we compute a measure of output per worker in non-agriculture
relaive to agriculture. Figure 5 disdlays these rdative productivity differences plotted
agang red GDP per cgpita for each of the countries in our sample. A driking pattern
emerges — non-agricultura  productivity in poor countries is far higher than agriculturd
productivity, often by a factor of 10 or more. By contradt, in the rich countries this ratio is
typicadly less than 2. A regression of redive productivity of non-agriculture to
agriculture on a congtant and log of red GDP per capita yidds a coefficient of —1.9 on the
log of real GDP per capita.

It is important to note that these productivity measures are based on domedtic relative
prices. While it is of interest to know to what extent this finding is driven by differences
in red output per worker across countries versus differences in relative prices across
countries, systematic data for a large set of countries relevant to this issue does not exigt.
Moreover, the studies that have examined this issue are not paticularly conclusve. For
example, savera dudies including Prasada Rao (1993) and Hayami and Ruttan (1985)

find the differences in rddive productivities to be a leest as lage when PPP

GDP are taken from Penn World Tables, v. 5.6, for the available years of coverage; historical data are taken
from Maddison 1995, pp. 194-206.



comparisons are made*  Others including Kuznets (1971), Krueger, Schiff and Valdés
(1992), Schiff and Vadés (1992), and Bautista and Valdés (1993), argue that agricultura
products are systematicaly under priced in poor countries relative to world prices by as
much 40-50 percent. Whichever view we take of prices, the cross-country productivity
data point to a striking difference between today’ s rich and poor countries.

This observation leads us to examine the time series data to see whether such large
relative productivity differences existed in the rich countries a century or so ago when
they were as poor as today’s poor countries. Although we do rot have time series data for
currently rich countries that covers the range of GDP per capita in the cross section, the
avalable data suggests that relative productivity differences in the time series for
individua countries are dgnificantly smdler than differences in the 1990 cross section.
For mogt currently rich countries this ratio has been nearly congtant over time and close
to two.

The one exception to this is the United States, which experienced a fairly large drop
in this ratio between 1870 and 1900 from 4.3 to 2, but theresfter, maintained a more or
less congant ratio of 2. Alston and Hatton (1991) actually construct estimates that show
that in 1925 there was no difference between agricultural and manufacturing earnings
within geographical regions in the United States Alson and Hatton find that the
differences disappear once one correctly accounts for non-cash payments to agricultura

workers. Their edtimates suggest that much of the large relative higorica productivity

* The Prasada Rao PPP adjusted data (pp. 135-36, Table 7.3) show that agricultural output per worker in the
highest-productivity country (New Zealand) is greater than the comparabl e figure for the lowest-
productivity country (Mozambique) by afactor of 244. Theratio of average productivity in the five highest
productivity countries to the average productivity in the five lowest is 139.3! Hayami and Ruttan (1985)
also find differencesin agricultural output per worker based on PPP measurements to be at |east aslarge
than differencesin aggregate output per worker. In the 1960 cross-section they find factor differencesin



difference in the United States is an artifact of the north being twice as rich as the south
and manufacturing being more heavily concentrated in the North. Ther etimate suggests
areative productivity for the United Statesin 1925 around one.

Figure 6 plots the time series data for the United States, United Kingdom, and
Canada, dong with the 1990 cross-section data on relative sectora productivity against
time® Clearly, a large number of today’s poor countries are far away from the pah
followed in the past by today’'s rich countries A gSmilar finding appears in Kuznets
(1971). Using cross-section data from the 1950's and time series data for the period
1860-1960, he established the same patterns for relaive productivities in the cross section
and time series, though his sample of countries was somewhat smdler than ours.

The data andyss leads to severa obvious questions. Why are rdative productivity
differences in today’s poor countries so much larger than was the case for today’'s rich
countries a century ago, when they had comparable incomes? Why are agricultura
workers in the poorest countries apparently so unproductive? And why is there not
grester movement of labor out of agriculture in developing countries® The rest of the

paper attempts to answer these questions.

agricultural output per worker between the top five and bottom five countries to be about 30, but in the
1980 cross section the factor differenceis close to 50.

® Data on agriculture’s shares of employment and output for the United Kingdom and Canada are taken
from Mitchell (1992 and 1993); those for the United States are taken from the US Commerce Department’s
Historical Statistics of the United States (1975) and Kurian (1994) for more recent years. Estimates of real
per capita GDP are taken from Maddison (1995) and PWT 5.6.

% From an open economy perspective, there is an additional Ricardian puzzle. Given therelative
productivity of agriculture and non-agriculturein rich and poor countries, it would seem that the poor
countries have a profound comparative advantage in specializing in non-agricultural production.



3. Background

Recent efforts to account for internationd income differences within the neoclassical
growth model have examined the consequences of cross-country differences in
government policies for steady-state income.” Two dasses of policies have been studied:
those that serve to raise the cost of investment goods relaive to consumption goods and
those that serve to decrease total factor productivity.® A brief overview of these efforts is
ingructive for our anayss.

The dandard one-sector neoclassca growth moded assumes a  representetive

infinitely lived household with preferences given by

a b'loyC,)

=0

-

where 0 <b <1 is the discount factor and C; is consumption in period t. The household is
endowed with the economy’s initial capita stock, Ko, and one unit of time in each period.
A congant returns to scale technology produces output (Y;) usng capitd (K;) and labor
(Ny) according to:
Y, = AK{ [(L+g)'N]™,

where g is the rate of exogenous technological change and A is a TFP parameter that
summarizes the effects of government policies on a country’s output per unit of the
composite input. Feasibility requires that C, + X, £ Y, where X; is invesment in period t.

Capitd evolves according to K., =(1- d)K, + X, /p, where d is the deprediation rate

" Examplesinclude Parente and Prescott (1994, 2000), Chari et al. (1996), Restucciaand Urrutia (2000),
Schmitz (1998), and Parente et al. (2000).

8 Empirical evidence suggests that both of these channels are relevant. Jones (1994) presents evidence that
the relative price of equipment is negatively correlated with GDP per capita, and Hall and Jones (1999)
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and p 3 1 summarizes the effect of country-specific policies that increase the cost of
investment relative to consumption. We refer to p as the barrier to capital accumulation.®

In assessing the consequences of differences in TFP or bariers to capitd
accumuletion for differences in output, vaues for A and p can be normaized to one for
the US economy without loss of generdity. If another country has polices that yidd TFP
parameter A and barrier p it is easy to show that steady State output of the United States
rdative to this country is given by AY*®p¥®9 - This theory can generate large
differences in output per capita given gppropriate combinations of vauesfor A, p, and g.

A number of researchers (see e.g., Prescott 1999, Parente and Prescott 2000) have
argued that a vaue of two thirds for the share parameter q is reasonable. This argument is
based on a broad interpretation of capitd that encompasses both tangible and intangible
vaieties. In what follows we adopt this parameterization and interpretation of capitd.
Although this parameterization is subject to debate, we note, however, that from a purely
agebraic perspective, given a vaue for the capita share one can dways generae larger

income differences by smply increasing the Sze of the digtortions.

4. The Neoclassical Growth Model with Agriculture

In this section we extend the standard neoclassca growth modd to explicitly incorporate

an agricultural sector, and ask whether it can account for the sectord development facts

present evidence that measured TFP is positively correlated with GDP per capita. See also Restucciaand
Urrutia (2000) and Collins and Williamson (1999) for evidence on the price of capital.

® Whileit isclearly important to understand how specific policies are mapped into A and p we think this
reduced form approach serves to better highlight the key elements of our subsequent analysis. As noted
above, we do not adhereto aliteral interpretation of p as a policy distortion; the variable could equally well
reflect avariety of institutional differences across economies.

11



described previoudy if policy digtortions are present.  The numeraire for this economy is

the manufactured good.
4.1 Model Economy

Instantaneous utility is now defined over two consumption goods. The secular decline
in agriculture's share of economic activity redricts the functional form of preferences to

the Stone- Geary variety. The discounted stream of utility isthus,

& b'llog(C,)+1 log(a, - 3)], O

=0

-

where f is a preference parameter, a; is consumption of the agriculturd good, ¢; is

consumption of the manufactured good, and a > 0 is the subsistence term. *°
The agricultural sector produces output (Yar) using capital (Kat) and labor (Na) as

inputs according to the Cobb- Douglas technology™*:

Yo = AKSE [L+9) Ny ] 3
The manufacturing sector produces output (Yn:) using capitd (Kn) and labor (N as
inputs according to the Cobb- Douglas technology:

Yo = AKS [(A+0)' N, 177 (4)
As we note later in this section, the assumption of Cobb-Douglas production functions

has important substantive consequences for our andysis'? We do think, however, that

this is the naturd darting point for an analyss of this sort. Moreover, this assumption is

19 Following alongstanding convention in the literature, we refer to the non-agricultural sector asthe
manufacturing sector, although in our empirical work we will interpret this sector to include manufacturing
activity aswell as other industrial activities and services.

1 \We abstract from land as a fixed factor in agriculture. Adding land to the model does not affect our main
conclusions.

12 Note that we assume here that exogenous technological change occurs at the same rate in the two sectors.
This assumption is motivated by the lack of any discernible trend in the relative price of agriculture to non-
agriculture goodsin the United States over the last 100 years.

12



supported by empirical work. (See, for example, the cross-country andyss of Hayami
and Ruttan 1985).

Output from the manufacturing sector can ke used for consumption or to augment the
two capital stocks. The manufacturing resource condraint is thus, C; + Xmt + Xat £ Y.
Output from the agriculture sector can only be used for consumption so the agriculture
resource condraint issmply a £ Y. Capitd is sector specific, so the laws of motion for
the two stocks of capitd in the economy are:

Kpy =@Q-d)K_ +X_/p.., (5)

Kaws = @- d)K, + X, /p,. (6)
As can be seen we assume tha both capitd stocks depreciate a a common rate. This
redriction is not important to our findings. We do dlow, however, policy to have
differential effects on the accumulation of each cepitd sock through sector specific
barriers pa and pm. Given the sectord patterns documented earlier, it seems potentialy
important to alow for policies that may differ across sectors.  Moreover, by adlowing for
these sectord differences, it is possble to andyze the consequences of the type of
digtortionary policy followed by many poor countries the purpose of which was to
maintain low agricultural good prices. This case corresponds to a higher value of the
policy digortion pa.

The household is endowed with one unit of time in each period, which it dlocates

between working in the manufacturing sector and working in the agricultural sector, and

with the economy’ sinitid capita stocks, Ko, and K.

4.2 Quantitative Findings

13



It is not necessary to cdibrate the modd to determine whether this mode can account for
the relative sectora productivity differences observed across countries. It cannot. The
model predicts that agriculture to non-agriculture productivity will be the same across
countries regardless of policy differences reflected in TFP or bariers to cepita
accumulation. 3 The reason for this is that the agriculturd red wage rate and the non
agriculturd redl wage rate must be equa a each date in equilibrium. This follows from
the assumption tha labor is perfectly mobile between sectors. Profit maximization by
firms in both sectors implies that g, =w,N_/p,Y, and q,, =w,N_/p,Y, . Since w, =
wm and production technologies in each sector are the same across countries, it follows

that reative agricultura productivity in each country

p.Y, /N, q,
Y./N, q.,

()
Policy digortions, therefore, have no effect on reative productivity. The sraightforward
agriculturd extenson of the neo-classca growth modd cannot account for the sectord
relative productivity differences observed across countries'

The falure of the neoclassca growth mode extended in a naturd way to include
agriculture suggests a number of possble dternative theories. One such dterndtive is to
dlow for factors that impede the movement of labor from agriculture into manufacturing.
Some countries do heavily restrict movement out of rurd aress. We do not follow this

approach. Instead, we consder an extenson of the neoclasscd growth modd that dlows

for home production activities that differ between rurd and urban sectors.

13 T0 examine whether the model can account for the sectoral transformation undergone by the rich
countries, one would need to calibrate the model. The failures of this model along these dimensions are
discussed in the next section.
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5. The Model with Agriculture and Home Production

In this section we propose an extenson to the model and examine whether it can account
for the US secular growth facts and the sectord development facts. Our extenson builds
on the work of Parente et al. (2000), which adds a home production sector to the standard
growth modd. The key feature of our extenson is to dlow for spaia heterogeneity and
have a rura region that is more conducive to home production opportunities than the
urban region.

With no loss in generdity, we focus on policy differences that lead to differences in
the cost of investment goods relative to consumption goods rather than differences in
TFP.  As shown by Parente and Prescott (2000) there is a one-to-one mapping from this
type of digortion to TFP.  Additiondly, as explained previoudy, this policy digtortion
can be viewed as offering a way to characterize the urbanbiased policies followed by

many poor countriesin the postwar period.

5.1 Model Economy

The criticdl aspect of our formulation is that we incorporate spatid heterogeneity by

having an urban region and a rurd region. Agriculture takes place exclusvdy in the rurd

4 The model actually predictsthat real agricultural output per agricultural worker is higher in poor
countries compared to rich on account that the relative price of agricultural goodsislower in the distorted
economy. Thisis another failure of the model.
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region, whereas manufacturing is assumed to take place exclusively in the urban region.*®
Individuds living in both regions ae assumed to have access to home production
technologies, but rurd people have a different home production technology than people
living in urban aress.

To smplify the andyss, we assume that the economy is populated with a continuum
of identicd infinitdly lived families with each family consding of a continuum of family
members. Families, rather than individud family members, own the economy’'s capitd.
This assumption buys us condderable smplicity snce we do not have to keep track of
the heterogeneity in capitd holdings associated with differences in location.  Family
members live ather in the rurd aea, in which case they divide thar time between the
home sector and the agriculturd sector, or in the urban areg, in which case they divide
their time between the home sector and the manufacturing sector. A family head makes
dl the decisions for the family — how many family members live in each region, how
they dlocate ther time between market and home production, how much consumption
each recaives and how much capitd to accumulate. In keeping with the andyss of the
previous section, we continue to assume pefect mobility of individuds across
locations.'®

For reasons of space, we describe only those aspects of the model economy that are
asociated  with  the introduction of home production and gSpatid  heterogeneity.

Preferences are the same as before and given by equation (1). However, non-agriculture

15 Of course thisis astylization. In reality, a considerable amount of non-agricultural market production
takesplacein rural areas. Moreover, urban agriculture (e.g., poultry and swine) may beimportant in some
locations. Nonetheless, the stylization is convenient here.

18 This differs, for example, from the approach taken by Caselli and Coleman 1998.
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consumption, C;, is now a CES aggregator of the manufacturing good cmi, and the home
good, Cht,
C, =[me, +(@- me,]™" (8
In (8), the parameter m reflects the relative importance of the home and market non
agriculture goods and the parameter r determines the dadticity of subgtitution between
home-produced and market- produced goods.
Individuds must dlocate ther time between maket and home production in each

period. For workers located in the rura region this condraint is written n,, +ng, =1,

while for workers located in the urban region it is written n_ +n,, =1. With the

introduction of home production, the capitd endowment includes rurd home capita and
urban home capitd denoted by Kgo, Kuyo. Individud family members are gill endowed
with one unit of time eech.

The technologies for the manufacturing and agricultura sectors are as before. With
the addition of home production in the spatid modd, there are two home production

technologies,
_ a 1-a
Y = A K [A+9) NI ©)
where K, is capitad, and N, is hours in home production in region j = U, R An important
feature of our specification is tha we assume that home production opportunities are

“better” in the rurd sector than in the urban sector. There are various ways this could be

moddled; we choose to incorporate this feature by assuming that the two home

17



production technologies are identicd except for a difference in TFP. Specificdly, we
assume that Ag > Ay. Y/

Invesment in home capitd, like invesment in market capitd, requires forgoing
consumption of the manufactured good. The laws of motion for the home capital stocks
are;

Ko = (@ d)Kp + X (10)

Ky =@- d)K,, + X, - (11)
As is apparent, home capita is assumed to depreciate at the same rate as market capital,
but the policy ditortions do not affect home capital. Relaxing these assumptions does not
have a large impact on our findings, but in any case we view this as a reasonable
benchmark.

The family head's objective is to maximize the discounted vaue of average utility

across family members. Let | ¢ denote the fraction of the representative family living in

the urban region a date t. Additiondly, let U(c) ,c),a’)denote the period utility of a

mt

family member who lives in region j and receves the date t consumption alocation

(Co»

c).,a/). The problen of the head of the representative family is to choose a

o ; y
i Al j
Sequence {(at 1Crnt s CHt)j:UYR ) Kmt+1’Kat+1’KUt+1’KRt+1’nmt’ nat’nUt’nRt’I t }t=0 thet

maximizes

QJO-K

be[l Uy, ¢l a’) +(1- 1 )U(CR, et a%)] (12)

0

—
1

17 Alternatives include assuming that the rural home production function isless capital intensive than the
urban home production function, or that there are complementarities in time inputs between agricultural
activities and home production. For example, child care may be more easily supplied while working in

rural areasthan in urban areas.
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subject to:

¥
é. Pt[l t ((#t + patatu )+ (1' I t)(C; + patatR) - memt+l - paKat+l - KUt+1 - KRt+l)] £

=0

-

¥

é. I::;[Wmtl Mt + rthmt +(1' I t)WatnAt + ratKAt +(1' d)(p met +paKat + KRt + KUI)]’
t=0

(13)
n, +nNg =1, (14)

n, +n, =1, (a5

Lo £ A K [A+0) T g 17, (16)
L- 1) £ ALKy [(+g) @- 1 )ng I°™, (17)

given initid capitd socks'®  Equation (13) is the family’s intertempora budget
condraint, where P is the Arrow-Debreu date O price of the manufacturing good at date t.
Equations (14) and (15) are the time use condraints of individud family members living
in the rura and urban regions. Equation (16) states that home production alocated to
rurd family members is less than or equa to the totd home production produced in that
region. Equation (17) is the andogous congraint for the urban population.

In our abdraction there are two features that distinguish home production from
menufacturing sector output.  First, capital can only be produced in the manufacturing
sector. One possible variation is to assume that home capita can be produced in the home
sector, though we have not explored it. Second, home produced output cannot be traded.

In some ingtances we think of this as a defining characterigtic of home production — e.g.,

18 The fact that the family chooses the division of individuals between the urban and rural areas means that
this problem is not concave. However, it can still be shown that the solution to this problemis
characterized by the usual first order conditions. See Rogerson (1984) for aproof in asimilar context.
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child-care is home produced only if the family provides it for itsdf. In other cases, this
assumption is probably not appropriate—for example, clothing made a home by family
members in the rurd aea may be sent to family members in the city. While our
assumption is extreme, what is important for our results is that a significant component of

home production cannot easily be transferred across regions.

5.2 Quantitative Findings

In this section we examine the quantitative properties of the modd in order to determine
whether it can account for the sectord differences observed across countries and across
time within a given country.  We proceed by firg redricting the modd’s parameters so
that its equilibrium path over a 120-year period roughly matches the U.S. economy’s path
over the 1870-1990 period. For this parameterized economy, we then examine how
policy digtortions affect the modd’s predictions for cross country income differences and

sectord differences.

Calibration

There are three aspects of the model that make the cdibration procedure nontstandard.
The fird is tha cepitd is interpreted broadly to include intangible capitd. This
interpretation causes a discrepancy between output in the modd and output in the
National Income and Product Accounts (NIPA). The reason for this discrepancy is that
invetments in intangible capitd are not measured in the nationad accounts according to

current accounting practices. This necesstates that we adjust output in the mode by the
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amount of this unmeasured investment in order to make comparisons with the NIPA data
(See Parente and Prescott 2000 for an extended discussion.)

The second aspect of the mode that makes the cdibration non-standard is the
subsgtence term in the utility function. This term implies that we can no longer view the
US economy as if it were on a congtant growth path, as is the case in the one sector
verson of the moded described in Section 3. In this verson, the economy will only
goproach a condant growth path equilibrium as the effect of the subsstence term
becomes infinitesmaly smdl, or equivdently, as agricultures share of GDP agpproaches
a condant. In redity, this share has declined rather substantialy over the postwar period,
suggesting that the postwar period should not be viewed as a congtant growth path. In
terms of the cdibration, this means that the parametric vaues must be restricted to match
this dedine. It dso means that we cannot assign the technology growth rate parameter g
to the average growth rate of U.S. GDP per capita over the postwar period. However, we
can ill require that the modd match the growth rate of US GDP per cepita over some
intervd. While this match is not solely determined by the vaue of g, it will be heavily
influenced by it.

The third aspect that makes the cdlibration nonstandard is home production. Home
production is unmeasured in the NIPA.  The stock of household durables can be used as
a rough edimate for the totd stock of home capita. However, there is no way to
determine how much of this is dlocated between rurd households and urban households.
This lack of measurement implies that it will not be possble to redrict dl the vaues of

the home production preference and technology parameters with the use of data Some
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assumptions will have to be made to restrict a number of these parametric vaues. In this
sense the calibration should be seen as something exploratory rather than as definitive.

The empiricd counterparts of the modd ae as follows. Totd (measured) investment
in market capitd is the sum of resdentid and nonresdentid investment expenditures
plus 25 percent of government expenditures. The remaning pat of government
expenditures is consgdered to be consumption. With these adjustments, the ratio of tota
(messured) investment to (NIPA) GDP in 1990 is 20 percent. The vaue of agriculturd
output is the value of output of the farm sector, and the vaue of (measured)
nonagricultura output is GDP less the vaue of farm output. The source of these Satigtics
is the 1991 Economic Report of the President, Tables B1, B8, and B32. In 1990
agriculture' s share of GDP is equal to 0.023. For 1870 the corresponding vaue is 0.22,
taken from the US Commerce Depatment’s Historical Satistics of the United States
(1975), Seies F 251. Agriculturd capitd is smply nonresdentid farm cepitd.
Measured nonagriculturd  physca cepitd is dmply tota cgpitd minus agriculturd
capita. The source of the capita stock data is Musgrave (1993), Tables 2 and 4. The
resulting physica cepitd- measured output ratios for agriculture and non-agriculture are
18 and 24 respectivdy, usng output measured at annual frequency. The empiricd
counterparts relevant for home production are the 1990 stock of household durables,
which we take as a measure of the stock of household capitd, and the fraction of
discretionary time spent in market work for individuas outsde the agricultura sector.
We note that the empiricd counterparts of the resdences of both farmers and non
farmers are included as pat of the manufactured capita stock, rather than as part of

household capital.
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Nor+home production parameter values are redtricted as follows. TFP parameters, An
and A,, and barrier parameters, pm and pa, ae normdized to 1.0 for the United States
economy. This can be done without loss of generdity as the vaues of these parameters
only affect the units in which both outputs are measured and the relative price level of the
agriculturd to non-agricultural good. Following Parente and Prescott (2000) we assume
that the total capital share, gm, for the manufacturing sector is two-thirds. This two-thirds
share is then dlocated between physica and intangible cepitd by requiring that the ratio
of physcd capitd to measured output in the nonagriculturd sector matches its vaue in
the data for 1990. The depreciation rate is obtained by using the capital stock laws of
moations given by equations (5) and (6), 1990 observations for tota physica investment,
the physical capitd stock, and the average annud growth rate of the U.S. economy over
the 1960-90 period. The agriculture technology parameter is then obtained from the

equilibrium conditions, q, =r,K,/p,Y,,and ra = | + d, and observations for the average

annua red interest rate over the postwar period and the 1990 Kai/paYa ratio. The
exogenous rate of technologica change, g, and the subjective time discount factor, b, are
chosen 0 that the average annua growth rate of the GDP per capita and the average
annud red interest rate for the modd economy aong its equilibrium path corresponding
to the 1960-90 period match their counterparts in the data.

None of the observations matched thus far is particularly related to the process of
dructurd transformation. We make use of the data on the structura transformetion in the
United States by requiring that the model match agriculture's share of GDP in both 1870

and 1990. Heuridicdly, to the extent that in 1990 the United States is nearing a constant
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growth path, the 1990 observation will be close to the vaue of f, and the initid vaue will
provide information on the subsistence parameter.

The introduction of home production adds five parameters to the modd: m r, a, A,
and Ay. As is evident by the fact that we have two observations related to home
production, we mugt rey on some additiona information to tie down vaues of the home
production parameters. It is not possble to identify the eadticity of subdtitution between
market and non-market consumption from firs moments. Consequently, we rely on the
edimates of this parameter in the literature. Rupert et al. (1995) and McGrattan et al.
(1997) obtain egtimates from micro data and macro data respectively in the range .40-.45.
Though we think that the rdevant eadicity may be even dightly higher a low leves of
development we set r = .40 in our benchmark modd.*® The vaues of the TFP parameters
affect the units in which output is measured. We are thus free to normdize one of these
two parameters to 1. We choose to assign Ar = 1.0. As our premise is that TFP in home
production in the rurd region is greater than its counterpart in the urban region, we set Ay
= .90 in our benchmark gspecification. We will examine the sengtivity of our findings to
changes in Ay. Having made these assgnments, the two observations that we added can
be used to determine valuesfor a and m

A find issue in the cdibration is the choice of vaues for initid capitd stocks. Rather
than attempt to obtain estimates of capita stocks for 1870, we choose these values so the
implied series for invessment and sectora labor shares do not display any abrupt changes

in the periods following 1870. Loosdly spesking, the idea is to choose capital stocks for

19 The higher valuefor r corresponds to an assumption that home produced goods are more substitutable
for market-produced non-agricultural goodsin poor countries than in rich countries. In other words, home-
produced goods are more similar to market-produced goods in poor countries than in rich countries. This
seems entirely reasonable.
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1870 that would be condgtent with the economy being on a trangtion path that began
some years earlier.?°

The calibrated parameter vaues are reported in Table 1. Note that g = .019, which is
dightly lower than the 2 percent average growth rate over 1960-1990 that we targeted in
our cdibration. This is because the growth rate during this period is gill dightly higher
than its value on the congant growth path. Nonetheless, the behavior of the cdibrated
mode in the post World War |l period is very amilar to a congtant growth equilibrium.
For example, the capital to output ratios, the investment to output retio, and the growth
rate of red GDP are dl nearly constant. Our procedure for dlocating the two-thirds share
for totd capitd in the nonagriculturd sector yidds a split of .19 for tangible capitd and
48 for intangible capitd.?! This implies that in 1990, invesment in intangible capitd is
aound one-hdf of measured GDP, which is in line with the edimates suggested by

Parente and Prescott (2000).

Properties of the Calibrated Model

The United Sates, 1870-1990

At this dage, it is informative to examine some of the long run properties of the
cdibrated modd and compare them with their counterparts in the data As we cdibrate
the modd to reproduce the beginning and ending vaues for agriculture's share of GDP in
the United States, we trividly maich these observations. However, with respect to the rate

of decline in agricultureés share of GDP, the modd matches the US experience

20 Given that our model isin discrete time, this procedure really only restrictsinitial capital stocksto liein
someinterval. However, since the different valuesin thisinterval do not have any effect on the equilibrium
beyond afew periods this does not appear to be a serious issue.

2L This split is relevant because of the need to do the GNP accounts excluding intangible investments.
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reasonably well with the exception of some large swings about trend in the 1890-1930
period. We did not explicitly cdibrate to maich agriculturés share of employment, in
ether 1870 or 1990. In the United States in 1870, agriculture's share of employment is
much larger than its share of output. The cdibrated modd adso digplays this property,
though the difference is not as large as in the data Specificdly, the modd predicts an
employment share of 36 percent in 1870 versus the vaue of 48 percent found in the data
(U.S. Department of Commerce 1975).

There is good reason to believe that the 48 percent found in the data overestimates
agriculture s share of employment in 1870. More specificdly, in any year there are a
large number of pat time workers in US agriculture. Pat time workers are not
diginguished from full time workers in condructing the employment share data for
agriculture.  If they were, agriculture's share of employment in the data would be lower.
The discrepancy between the modd and the data dong this dimension is not very large.

Next we turn to the modd’s predictions for the behavior of rdative sectora
productivities and prices over time. The modd predicts that the ratio of average labor
productivity in the two sectors is very nealy constant and egua to one?? This is
consgent with the edtimates from Alsgon and Hatton (1991) for the early part of the
period.?®  For rdative prices, the changes over the 120-year period are quite smdl. In
paticular, the rdative price of agriculture in the modd is effectively congtant, changing

by roughly 1 percent over the 120-year period. This accords well with the data (see, eg.,

221f there were no unmeasured output then one can show analytically that this ratio is constant.

2 Thisratio did, however, decrease significantly in the period from 1870-1900. But, as noted by K uznets
(1971), the USisthe only industrialized country to experience such adecline and it can be attributed to the
fact that innovations in transportation had alarge impact on where farming could take place. For this
reason, the failure of the model to predict adeclinein relative average productivity in the late 1800’ sis not
so disconcerting.
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Kongsamut et al. (1997)). Additiondly, the red rate of return for the caibrated economy
shows this same smal decline, decreasing from 7.5 percent to 6.5 percent over the 120-
year period.

The modd has rich predictions for time dlocations. Not surprisngly, given our
assumptions about home production posshilities, we find that individuds in the rurd
region devote more of their time to home production than do workers in the urban region.
More interesting, our model predicts a decline in the fraction of time that an individuel
gpends in market work over the 120-year period. The decline in the workweek in
manufacturing is more than 10 percent, and virtudly al of it takes place between 1870
and 1960. Hence, this modd can account for a large part of the secular decline in the
workweek in manufacturing. In the agriculturd sector the decline is even larger: the
workweek fdls by dmost 25 percent. Coincident with this secular decrease in time
devoted to market work, there is a large movement of workers from the rurd to the urban

region.

Cross Country Comparisons

How does the introduction of home production posshbilities affect the modd’s predictions
for sectord differences across rich and poor countries? We now use this modd to
examine the implications of digortionary policies on the development process. To do this
we contrast the behavior of our cdibrated economy with no digtortions to another
economy with barriers, pa and pm, that increese the resource cost of capital in the

agriculturd and manufacturing sectors. As above, we assume that initid capital tocks in
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the digtorted economy are such that the equilibrium paths for other variables display no
abrupt changes over the 120-year period.

We dudy three cases. The firgd assumes that the distortions apply equaly to both
capita stocks and result in a fourfold increase in the cost of both types of capitd reative
to the undistorted economy (i.e, pm = Pa = 4). The second assumes that distortions only
apply to the manufacturing capita stock (i.e, pm =4, pa = 1). The third case assumes that
digtortions only apply to the agriculture capitd stock (i.e., pm =1, pa = 4).

Table 2 reports our results. For exposition purposes, we report only the results from
the benchmark economy, (i.e, pm = pa = @), and the case where p;, = pa = 4. We do not
report the results for the pm = 1 and pa = 4 case because it is practicdly identica to the
benchmark economy. We do not report the results for the pm = 4 and pa = 1 case because
itispracticdly identicd to thei.e,, pm = pa = 4 case.

The table reports NIPA GDP per capita (Y), agricultures share of GDP (paYa/Y),
agriculture' s share of employment @a-1), relative productivity
Y/ Ya © [(Yy /1)/(p,Y, /(L- 1))], time dlocated to agriculture work in the rurd sector

(ng), and time dlocated to market work in the manufacturing sector ) a various dates
across the undigtorted and distorted economies. Note that our measure of relative
productivity is chosen to correspond to the concept used in the data. Specificdly, it looks
at output per worker and not output per unit of labor inpt.

The modd with home production generates differences in GDP per capita obsarved in
the data. The difference in GDP per capita associated with a barrier of 4 is gpproximately
the factor 30 observed across countries. The model dso predicts szable differences in the

share of employment accounted for by agriculture across rich and poor countries in 1990.
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In the undigtorted economy, agricultures share of employment is 5 percent in 1990,
while in the digtorted economy its share is 63 percent. Third, the model generates large
cross-country differences in sectord relative productivity. Reative productivity of the
agricultural sector in the modd is dmogt Sx times larger in the undistorted economy than
it is in the digorted economy in 1990. This is actudly very close to the difference
between the richest and poorest countries in the 1990 cross-section.

The reason the modd generates these large differences in relaive productivity is that
there are large differences in time dlocations of rurd workers in 1990 across the rich
(undigtorted) and poor (distorted) economies. Rurd workers in the poor economy are
working only about 20% as much in maket activity as ther counterparts in a rich
economy. Differences in time dlocations in the urban region are much less pronounced.
This asymmetry between the distortions on rurd and urban time dlocations is due to the
asymmetry of home production opportunities across rura and urban regions.

Recdl that in the data it is unclear to what extent differences in relaive sectora
productivity reflect differences in red outputs or differences in prices. In our modd we
can easly assess the role of these two factors. In the 1990 cross section consisting of the
distorted and undistorted economy, we find that the difference is accounted for amost
entirdly by the difference in relative prices That is, differences in red output per worker
in agriculture are roughly the same as differences in GDP per worker.

As can be seen in the table rdative productivity differentids across distorted and
undigtorted countries increese over time. This phenomenon is driven by the secular
change in time dlocations of workers in the two regions. In the distorted economy the

secular decline in the (market) workweek in the rurd region is much larger than in the
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undigtorted economy. Initidly, dthough the distorted economy has more workers in the
rurd region, workers in the distorted economy have roughly the same time dlocations as
workers in the undigorted economy. This is because the subsstence condraint is
relatively binding. Over time, this condraint eases and the time dlocaion in the rurd
area becomes increasingly digtorted toward home production. Although the table stops in
1990 it is worth noting that the time dlocation of rurd workers to market production in
subsequent years in the distorted economy continues to show a decline, dthough a a
dower rate than over the 1870-1990 period. In the undistorted economy, in contrast, there
is no subsequent decline. As a result, the relative productivity differentids continue to
widen. Moreover, these differentids begin to reflect red output differencesin agriculture.

The one dimenson of the data on which the performance of the modd is not
paticularly strong is agriculture's share of output across rich and poor countries. The
differences predicted by the modd are gill smdl redive to what is found in the data
One reason why the differences in agriculture's share of output implied by the modd are
0 sndl is tha individuds living in the rurd region in the disorted economy dlocate a
amdl fraction of ther time to market activitiess A second reason is that the reldive price
of agriculture is lower in the poorer country, by roughly 80 percent. Alternative
specifications for preferences may give rise to smdler effects on rdative prices and hdp
the modd on this dimenson. Accounting for the large difference in agriculture's share of
GDP across rich and poor countriesis a matter for future work.

A rather surprisng result is that measured output in the distorted economy grows a a
much dower rate than in the undistorted economy over the 120-year period, implying that

rdaive GDPs diverge for a long time. In fact, as Table 4 documents, it is not until
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roughly the end of the sample period that the distorted economy displays a growth rate of
redl GDP that is roughly equd to the exogenous growth rate of technology. This pattern
is not generated in the other models studied in this paper. It is, however, the pattern
observed in the data With the dart of the Indudrid Revolution in England, disparities in
living standards between the world's rich and poor countries began to increase. These
disparities continued to increase until 1950. Our research shows that one does not need to
assume differential rates of exogenous technologica change or poverty traps to account
for this pattern. Instead, a two-sector verson of the neoclasscal growth modd with home
production, a broad concept of capitd, and a subsistence term can quditatively generate
this pattern.  We conclude that this modd may be very useful in accounting for the
divergence in internationa incomes from the Industrid Revolution to the latter hdf of the

twertieth century.

Senditivity to Alternative Values of Ay

A key festure of our abdraction is that TFP is lower in urban home production than in
rurd home production. In the numerica experiments, this was represented by a 10
percent productivity gap between rura and urban areas in home production. Given the
arbitrary naure of this parameterization, it is worthwhile to examine the sengtivity of the
modd’s results to changes in this parameter vaue. We, therefore, consder dternative
values of .85, .95 and 1.00 for Ay. In each case we recdibrate the model as discussed
previoudy and compute the equilibrium peath for 120 years. In the interest of space we

only report satigtics for 1990 rather than the entire time series.
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Table 3 presents the results. Severa features are worth noting.  Starting with the case
with no relative productivity differences, we observe that the modd dill predicts large
differences in income across the two economies. However, it no longer predicts large
differences in rddive sectora productivities between rich and poor countries. As Ay is
decreased several patterns emerge. Firdt, the difference in income per capita increases.
Second, the difference in the share of the population living in the rurd area increases.
And third, the difference in rdative sectora productivities aso increases. The table aso
indicates that the difference in agricultureé's share of GDP dso increases, but this effect is
farly modest. The quditaive patterns in this table are intuitive given the mechanics of
the modd discussed earlier. We conclude from this that the modd predictions that we are
emphadzing require relatively smdl productivity differences Even with a differentid of
.05 the modd generates reaults that are quite different from the two-sector modd without
home production.

Welfare Comparison

Lagly, we think it is indructive to examine some of the wefare implications of our
modd. As discussed and analyzed in Parente et al. (2000), home production modds
imply that differences in measured income across countries overdate the true differences
in wdl-being across countries®* To give a sense of the overstatement, we note that in our
benchmark specification, in 1990, the undistorted economy consumes roughly 33 times
more of the manufactured consumption good than does the distorted economy, 1.1 times

more of the agriculturd good, but only about two-thirds as much home produced output.

24 Note that we have al so assumed that there is unmeasured investment in the economy. Thiswill not matter
for our welfare calculations since they are based on consumption flows.
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In what follows we use our modd to give a more precise measure of actud wedfare
differences and contrast them to those obtained in modd s without home production.

We begin with the standard one-sector growth model described in Section 3 of this
paper. We shdl assume a parameterization that roughly accords with the vaues used in
Section 5 and for parameters g, d , and b, and a barrier p such that the factor difference in
relaive steedy state incomes in this modd  equds the factor difference of 33 we obtained
in our benchmark specification for 1990. Given q = 2/3, the corresponding vaue of p is
5.75.

We now describe our procedure to compute the welfare gain associated with
removing the barier. We note that our measure is not affected by monotone
trandormations of the utility function. We begin by fird computing the equilibrium path
that would result if an economy beginning in the steady state corresponding to p = 5.75
eliminates this barrier.  We next compute the utility of the representative agent associated
with this equilibrium path. We aso compute the utility of the representative agent if the
economy does not diminate this barrier and it remains in the seady date corresponding
to p = 5.75. We then ask by what factor would we have to increase consumption in each
period under this second scenario in order that the resulting lifetime utility equd thet
achieved when the barrier were removed.

The number we obtain in this procedure is 2.8; i.e, if consumption were to be
increased by a factor of 2.8 the individud would be indifferent about removing the
barrier. Note that this number is smdl in comparison to the differences in deady Sate
consumptions. The ratio of the two consumptions across the two steady dates is 33 —the

same as the ratio of the two outputs. The fact that our compensating differentid is so
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much smdler than this factor indicates the importance of dlowing for the accumulation
of capital needed to reach the new steady State.

We now repest this caculaion in the context of our two-sector growth modd with
home production. That is, we assess the gain in utility thet the individuas in the poor
economy would experience if the distortion were removed, taking the starting point as the
1990 dlocations in the digtorted economy. After computing the resulting equilibrium and
the lifetime utility of the representative family, we then ask by what factor would we
have to increase consumption in each period in the economy that does not remover the
bariers in order to make the lifetime family utilities the same between economies. In
cdculating this factor incresse, we assume the consumption of al family members is
increased proportionately. The number we obtain is 1.9, which is about two-thirds of the
number we obtained in the wefare caculation for the one-sector growth mode with no
home production. We conclude from this that while home production does diminish the
welfare differences between rich and poor countries for a given difference in measured

output, the reduction is not particularly large.

6. Conclusion

Development economists have long noted the importance of agriculture in the share of
economic activity in poor countries. Contemporary researchers working with applied
generd equilibrium models dmost dways abdtract from sectord issues. In this paper, we
introduced agriculture into the neoclassicad growth modd and examined the implications
for internationd incomes and sectord patterns. We found that a straightforward extension
of the modd fails to account for key sectord differences observed across rich and poor

countries. This falure led us to consder an extenson of the mode that incorporates
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home production. The key implication of this modd is that digortions to capitd
accumulation lead to a rdaive increase in the amount of unmeasured activity taking
place in rurd aess. A reduction of the digtortions leads to an efficiency-enhancing
redlocation of inputs plus an increese in measured economic activity. We found the
modd accounts for a number of festures of the sectoral transformation observed in

economic data, both in the cross section and the time series.
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TABLES

Table 1: Parameter Valuesfor Two Sector M odel
b =09 r =040 m=036 f =0003 a= 039
gn= 067 (q,=0.24 a =011 d=0.063 g=.0198
Ar = 1.00 Ay=090 p,=10 p,=10

Table 2. International Comparisons Home Production

GDP pP.Y./GDP 1l Yin Ya N, Nm

p=1 p=4 p=1 p=4 p=1 p=4 p=1 p=4 p=1 p=4 p=1 p=4
1870 1.00 012 22 68 .36 .83 190 232 .58 68 .64 .70
1900 192 014 .13 49 22 74 203 297 52 42 .60 51
1930 391 018 .07 .32 .14 67 213 436 .48 26 .57 43
1960 731 027 .04 19 .08 .63 220 736 .46 .16 .55 .40
1990 134 041 .02 12 .05 .63 226 129 .44 09 55 .39

Note: GDP is caculated by usng a geometric average of the 1990 price of the agriculture
good in the distorted and undistorted economies

Table 3: Sengitivity of Resultsto Valueof TFP in Urban Home
Production (1990 Comparisons)

GDP  p,Y./GDP 1 Ym Ya Ny Nm
A, p=lp=4 p=1p=4 p=1p=4 p=lp=4 p=lp=4 p=1lp=4
85 133 36 .02 .13 06 72 29 175 37 .08 .55 .44.
90 134 41 .02 .12 05 63 23 129 44 .09 .55 .39
95 132 46 .02 11 04 43 19 65 .50.13 55 .31
100 132 53 02 11 04 19 16 19 55 .27 55 .25
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