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Abstract

This paper explains and measures the sources of TFP by developing a method of growth accounting
based on an integrated use of transitional growth models and micro data. We decompose total factor
productivity (TFP) growth into the occupational-shift effect, financial-deepening effect, capital-heterogeneity
effect, and sectoral-Solow-residuals. Applying this method to Thailand, which experienced rapid growth with
enormous structural changes between 1976 and 1996, we find that 73 percent of TFP growth is explained by
occupational shifts and financial deepening, without presuming exogenous technical progress. Expansion of
credit is a major part. We also show the role of endogenous interaction between factor price dynamics and
the wealth distribution for TFP.
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I Introduction

This paper explains and measures the sources of total factor productivity (TFP) growth by developing a method
of growth accounting based on an integrated use of transitional growth models and micro data. TFP growth
is measured as residual, total output growth less the weighted sum of input growth, the “Solow residual.”
By definition, this residual growth measures the improvement of productivity in a Hicks-neutral aggregate
production function. However, the improvement of aggregate efficiency measured in this way can come from
various sources, which typically remain unknown inside the residual. As Abramovitz (1956) puts it, the Solow
residual represents a “measure of our ignorance” of the growth process. Jorgenson and Griliches (1967) suggest
that careful measurement and correct model specification can weed out “errors.” Their accompanying empirical
work showed that careful measurement of education and capital utilization does curtail the size of the residual,

but it remained the major part.! Most of the subsequent empirical work focuses on careful measurement, either
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IThe portion of the residual for the U.S. growth during the 1950-1962 period was reduced to 54%, a much smaller number than
the original estimates, 86% by Abramovitz (1956), or 88% by Solow (1957). In fact, Jorgenson and Griliches (1967) reduced the
portion to 5% in their original paper, but corrected this to 54% upon the criticism of Denison (1969) of their excessively wide
adjustment in capital utilization, e.g., by including residential housing.



by broadening the concept of capital, e.g., including human capital, or by distinguishing sectors, but it continues
to confirm that the size of the residual is large.

At the cross-country level, Klenow and Rodriguez-Clare (1997) and Prescott (1998) argue that it is TFP
rather than capital that determines the levels and changes in international income differences, even if the
concept of capital is broadened to include intangible capital, human capital and organization capital.? Caselli
(2005) provides an updated survey of this “development accounting.” From a series of depression studies using
the growth accounting framework, Kehoe and Prescott (2002) find that changes in TFP are also crucial in
accounting for within-country business fluctuation.? They suggest various types of possible policies behind the
changes in TFP and call for micro studies for future research, saying “absent careful micro studies at firm and
industry levels, we can only conjecture as to what these (good and bad) policies are.” Likewise the fundamental
idea of Jorgenson and Griliches (1967) is that productivity growth should be explained, not simply measured,
and both theory and measurement are crucial in doing so. This paper attempts to fill this gap by identifying
the underlying sources of the residual growth via an integrated use of models and micro data.

“Technical change” in the aggregate production function, as Solow (1957) emphasized, can be any kind of
shift in the production function at the aggregate level. When an economy is engaged in structural transformation,
compositional changes among sectors or activities, across which productivity levels differ on the extensive margin,
contribute not only to output growth but also to productivity growth, without true underlying technical change.
Here, we use a growth model that makes explicit its micro underpinnings, namely occupational choice and limited
access to credit, and features transitions.! The model has two different kinds of technology, traditional and
modern. This has deep roots in the development literature, for example the well-known contributions of Lewis
(1954) and Ranis and Fei (1961). The modern technology uses hired labor and capital and has fixed setup costs,
while the traditional technology, as a simplification, provides constant subsistence income using self-employed
labor alone. Occupational choices into the accompanied technology are based on presumed differentials in
entrepreneurial talent in the population. However, for agents who do not have access to credit, occupational
choices are subject to an additional constraint, individual wealth, as in Lloyd-Ellis and Bernhardt (2000) and
Banerjee and Newman (1993). In sum, technological blueprints are available to everyone, but only a subset
of agents adopt the modern technology due to heterogeneity in wealth and talent, and limited access to credit

generates a mismatch between talent and wealth in occupational choice. Productivity thus depends on efficiency

2Klenow and Rodriguez-Clare (1997) suggest that TFP accounts for at least 60 percent of the level difference and 85 to 91
percent of growth rate differences across countries. The portion of TFP for level difference reaches 89 percent in Prescott (1998).

3The nine coutries included in their study are Canada, France, Germany, Italy, and the U.K. in the interwar period, and
Argentina, Chile, and Mexico in the 1980’s, and Japan in the 1990’s.

4The empirical importance of structural change on economic growth was documented early by Kuznets (1966). The theoretical
importance of transition in understanding the dynamics of growth and development was emphasized early by Hicks (1965) and
Schultz (1990), and recently reaffirmed by Lucas (2004). Hansen and Prescott (2002), and Gollin, Parente, and Rogerson (2002)
illustrate that incorporating structural transformation helps to explain the long term growth path and evolution of the international
differences in per capita income.



in allocating talent and capital, which improves as wealth grows and the financial sector expands. Dynamics
of the aggregates in the model are also determined by the interaction between the endogenous movements of
factor prices and the distribution of wealth. Related, Caselli and Gennaioli (2005) study the effects of imperfect
credit markets on TFP using numerical simulation. They focus on dynastic management of family-owned firms,
which can be a source of the mismatch between talent and wealth.

We intentionally shut down all sources of exogenous technological change, the presumed typical engine
of productivity growth in the existing TFP literature. Thus, for us, productivity growth cannot come from
technical change but only from improving allocation efficiency, which in turn depends on distribution of wealth
and the efficiency of the financial system. We do this not because we think technical change is unimportant,
but rather because we would like to see how well the alternative hypothesis of growth based on occupational
choice and financial deepening can explain actual growth of output and TFP.

The relationship between financial development and economic growth was postulated early by Schum-
peter (1911), and its empirical patterns were addressed early also by Goldsmith (1969) and McKinnon (1973).
Theoretical underpinnings of the relationship have been developed by Townsend (1978, 1983), Greenwood and
Jovanovic (1990), and Bencivenga and Smith (1991). Empirical evidence of the finance-growth nexus has been
provided by King and Levine (1993) and Levine and Zervos (1998) using cross-country data, by Rajan and Zin-
gales (1998) using industry-level data across countries, and by Beck, Demirgii¢c-Kunt, and Maksimovic (2002)
using firm-level data across countries. In particular, Beck, Levine, and Loayza (2000) find that the positive
effect of financial intermediation on GDP growth is through its impact on TFP growth, rather than through
the channel of physical capital accumulation and private savings rates.

Most of these contributions are either theoretical or empirical, not tightly linking both. Bergoeing, Kehoe,
Kehoe, and Soto (2002) is an important exception that pursues a tight link. They also point to the importance
of financial reforms for TFP from the contrasting experience between Mexico and Chile. Erosa and Cabrillana
(2004), and Amaral and Quintin (2005) provide steady-state analysis of the effects of financial intermediation
for TFP differences across countries. We study the relationship between financial deepening and TFP growth
over time within a given country in transition. Our integrated use of a model with micro-macro data for a given
country provides direct evidence of the finance-growth nexus in relation to TFP.

There is much supporting evidence of credit constraints and the misallocation of capital in the development
literature. Banerjee and Duflo (2005) provide an excellent summary. In the end, they argue that “the lessons
from this series of convincing micro-empirical studies in development economics will be lost to growth if they
are not brought together in an aggregate context.” We explicitly bring a growth model that incorporates credit
constraints to an aggregate context and evaluate its quantitative importance on aggregate growth dynamics.

Explicit consideration of occupational choice with credit constraint allows us to decompose TFP growth



into four components: financial-deepening, occupational-shifts, capital-heterogeneity, and within-sector Solow
residuals. Financial deepening relaxes not only the borrowing constraint on factor demands of existing entrepre-
neurs on the intensive margin, but also constraints on occupational choice on the extensive margin, improving
efficiency of matching talent to capital. The magnitude of this effect depends on the gap in profitability between
the intermediated firms and non-intermediated firms. Own wealth accumulation also weakens the constraints
on the occupational choice and improves the allocation efficiency among agents without access to credit. With
differential access to intermediation, the opportunity cost of capital is different across agents in the population.
This creates a kind of heterogeneity in capital, and its compositional changes influence measured TFP dynam-
ics. Within-sector Solow residuals contribute a remainder of TFP growth. The magnitude is determined by the
movements of factor prices and profits, which interactively evolve with the distribution of wealth and the extent
of financial intermediation.

We find our approach successful, as applied to Thailand. Without presuming exogenous technical progress,
financial deepening and occupational shifts explain 73 percent of aggregate TFP growth in Thailand for the two
decades between 1976 and 1996, when rapid economic growth was accompanied by enormous structural change.
Differential profitability and occupational choice can play a key role in understanding TFP for an economy
with an imperfect capital market. We show the importance of the wealth distribution for TFP dynamics and
entrepreneurship. The relationship between financial deepening and entrepreneurship and the effect of factor
price movement on TFP all depend on the wealth distribution. We also show that varying degrees of limited
access to credit across sub-groups can be a source of differences in sub-group TFP at a disaggregated level.
Finally, take-off wage dynamics, a typical feature of dual economy models, can be generated as an equilibrium
phenomenon.

The paper is organized as follows. Section II describes the data. Section III describes the model of
individual choices under constraints, and Section IV discusses the implied aggregate dynamics. In Section V,
the model is calibrated to the aggregate data, and is simulated using the initial wealth distribution and financial
deepening measures observed in the micro data. Section VI develops a method of decomposition of TFP growth
and applies the method to both the simulated and the actual Thai economies. Section VII discusses model

evaluation as well as sensitivity analysis for parameter selection. Section VIII concludes.

IT Data

Thailand experienced fast economic growth as well as enormous structural change between 1976 and 1996.
The two most noticeable structural changes were occupational transformation and financial deepening, the key

ingredients of the model that we will study. We also observe interesting non-linear patterns of output growth



with these structural changes. Finally, Thailand provides us with a rich set of both macro and micro data, the

combination of which is crucial in the following simulation and decomposition analysis of the TFP growth.

A Standard Growth Accounting

Figure 1 displays the annual growth rate of Thai output, measured by real GDP in 1988 baht value. Thai
output grew at 7.8 percent on average each year with a clear acceleration in 1986, peaking in 1988, and then a
gradual decline until 1996. According to the standard growth accounting method, output growth is decomposed
into the factor growth and the Solow residual in Figure 1. Factor growth is measured by the sum of growth
rates of capital, labor (quality adjusted by taking wage differential across population groups by age, gender,
and education), and land (measured by the total area of cultivated land), weighted by their own factor shares.?
Factor growth is a major component of the Thai output growth, contributing 5.5 percent out of the total
7.8 percent. Its contribution steadily increases until 1991 (with a noticeably increasing trend after 1986) but
begins to decline thereafter. The size of the Solow residual is also substantial, growing at 2.3 percent per year
on average. However, Solow residual more closely tracks the fluctuation of output growth. Note in particular
that Solow residual surges in 1986, peaks in 1988 like output growth, and then declines to near zero by 1991.
Figure 2 decomposes factor growth into its components. Figures 2.1 and 2.2 display the growth rates and
payment shares of the three factors, respectively. Evident from Figure 2.1, capital deepening is the main source
of the factor growth. Capital grew at 7.8 percent per year on average, with a sudden acceleration between 1986
and 1991. The annual average growth rates for labor and land were 2.2 percent and 0.8 percent respectively.
Capital share is 55 percent and labor share is 40 percent on average. Both factor shares are fairly stable until
1990, but then capital share decreases while labor share increases. Land share is small (5 percent on average) and
steadily declines to 2.8 percent by 1996. Figure 2.3 displays the contribution of each input weighted by its own
share to total factor growth. The contribution of land expansion is virtually negligible (0.1 percent on average).
Though not negligible, the contribution of labor growth (human-capital augmented via education included) is
also small (0.9 percent on average). The main determinant of factor growth in terms of both movement and

magnitude is capital deepening (4.5 percent on average).

B Structural Changes

Thailand provides us with a nationally representative household survey, the Socio-Economic Survey (SES),

collected by the National Statistical Office (NSO). Using this micro data, we can measure the two key structural

5Data Sources for the standard growth accounting are as follows. Gross Domestic Product (GDP) and capital stock: National
Economic and Social Development Board (NESDB). Labor employment: Labor Force Survey (LFS). Total area of cultivated
land: Ministry of Agriculture and Cooperatives (MOAC). Factor share data: Thailand Development Research Institute (TDRI),
documented by Tinakorn and Sussangkarn (1994, 1998). In computing labor income share, Tinakorn and Sussangkarn (1998) use
the imputed wage from Social Accounting Matrix (SAM) with base year 1995, rather than the wage from the national income
accounts in order to adjust the self-employed income.



changes, occupational transition and financial deepening.’

Occupational transition was substantial in Thailand during the sample period, as shown in Figure 3. The
fraction of farmers declined monotonically from 55 percent to 31 percent, while the fraction of wageworkers
increased from 29 to 50 percent. The non-farm self-employed and employers are categorized as entrepreneurs.
Their population share was stable around 15 percent until 1990 and then gradually increased to 19 percent by
1996.

Figure 4 displays three macro financial indicators in Thailand, which are typically used in the study of
finance-growth relationship: the ratio of credit claims on private households and the business sector to total
domestic credit (PRIVATE), the ratio of credit claims on private households and the business sector to GDP
(PRIVY), and the ratio of a broad measure of liquid liabilities, M3, to GDP (LLY).” These indicators suggest
that the financial sector has been continually deepened with a non-linear acceleration after the mid-1980’s. Note
that these macro financial indicators involve financial deepening on both extensive and intensive margins.

The SES records all financial transactions (both borrowing and lending) of each household with all for-
mal financial institutions: commercial banks, savings banks, Bank for Agriculture & Agricultural Cooperative
(BAACQ), government housing banks, financial companies, and credit financiers. We count the number of people
who actually used the financial institutions from the SES and calculate the fraction of population with access
to the financial sector. This represents the extent of access to financial intermediation, which is our measure of
“financial deepening.” Figure 4 displays this measure, denoted by p, again showing a non-linear acceleration in
the middle of 1980’s.

This measure of financial deepening p will be exogenously embedded into the model. Obviously, the
expansion of intermediation may well involve endogenous participation decisions. Thus, the relevance of the
exogeneity assumption depends on whether a significant part of the expansion was indeed driven by exogenous
policy reforms. This is indeed the case for Thailand during the period of our analysis. There were several
noticeable financial reforms in Thailand initiated around the critical year 1986: 1) liberalization of current and
capital account; 2) removal of interest rate controls (preferential lending rates to priority sectors, ceiling rates on
deposit and lending); 3) expanding the scope of activities of commercial banks and finance companies (provision
of custodial services, information service, financial consulting service, loan syndication, sales of government
bonds, relaxation of requirement of portfolio composition, for example, on the minimum required credit to
agricultural sector). Another important event that contributed to expanding the extent of the financial sector
is the creation of a deposit insurance program, the Financial Institutions Development Fund (FIDF) in 1985,

a legal entity under the Bank of Thailand that mandates providing liquidity support to financial institutions.

6See Jeong (2000) for a detailed description of measurement of these variables from the SES data. Jeong (2006) and Jeong and
Townsend (2006) discuss the quantitative importance of these structural changes on growth and inequality in Thailand.
TOur labels follow King and Levine (1993). Data Source: Bank of Thailand.



The FIDF was a response to the earlier 1983 financial crisis.?

IIT Model

A  Economic Environment

We consider a model of wealth-constrained occupational choice as in Lloyd-Ellis and Bernhardt (2000), but
allow a credit market for a limited group of agents. The economy is populated by a continuum of agents with
measure one evolving over discrete time ¢ = 0,1,2.... Each agent is endowed with a single unit of time. An
agent 7 with end-of-period wealth W;; at date ¢ maximizes preferences over a single consumption good ¢;; and

wealth carry-over b; ;41 as represented by the utility function
u(Cit, bipy1) = C;'ltiwb;jtJrl

subject to the budget constraint c;; + b; 141 = Wi. The Cobb-Douglas form of preferences implies a linear
indirect utility function in W;;, making the utility maximization problem equivalent to the end-of-period wealth
maximization problem. This form of preferences also implies a linear rule for savings as a constant fraction w
of wealth.”

There are two kinds of production technology, traditional and modern. Using the traditional technology,
everyone earns a subsistence return =y of the single consumption good. Under the modern technology, entrepre-
neurs hire capital k; and labor [; at each date ¢ to produce the single consumption good according to production

function f(k¢,!;), which is parametrized as quadratic:
_ é 2 P2
(1) [kt 1) = ake — th + &l — 2lt + oliky.

The quadratic technology adopted here is more flexible than the Cobb-Douglas technology which is a typical
specification in macro growth accounting literature. This is intended as a second-order polynomial approxi-
mation to any arbitrary production function (including the typical Cobb-Douglas form), and Fuss, McFadden,

and Mundlak (1978) show that the quadratic technology is one of the most parsimonious general specifications

8See Alba, Hernandez and Klingebiel (1999), and Okuda and Mieno (1999) for a detailed discussion of the financial liberalization
in Thailand.

9Due to the credit constraints, a key feature of the model to be specified, we need to simulate the economy individual by
individual, hence the distribution of wealth is an explicit state variable. We also compute transition dynamics, not just steady
states, unlike much of the literature. With a long-lived agent setup, we need to solve for Bellman equations individual by individual
(as many as in the nationally representative survey data) at conjectured prices, and iterate. Warm-glow preferences save us from
this nontrivial computational burden.

The point of our exercise is to merge micro and macro to explain TFP. Thus, the issue is whether the fixed savings rate independent
from wealth and talent is important for TFP. Part of those savings might be in anticipation of endogenous entry, selection into the
intermediated sector, with the talented more likely to enter. However, from our previous exercise in Jeong and Townsend (2006),
we already know that allowing endogenous participation as in Greenwood and Jovanovic (1990) does not generate the observed
financial deepening path and hence cannot generate observed TFP dynamics. Talented households under repression seem to have
been precluded from entry, so the endogenous dynamics of savings, talent, and selection would not be appropriate for a regulated
Thai economy (which then liberalized).



of technology with two factors of production.!” This allows time-varying factor shares and more importantly
time-varying profitability, which will be shown to play a role in understanding the sources of TFP.!! However,
note that our quadratic specification is for the individual technology, not for the aggregate one. In fact, we will
choose the parameter values to match the observed time-series of aggregate factor shares and hence allow the
technology to mimic the Cobb-Douglas form if the aggregate factor shares are indeed constant over time.

There are three occupations, two with the modern technology (entrepreneurs and wageworkers) and one
with the traditional technology (self-employed subsisters). The single unit of time is inelastically supplied to the
devoted occupation each agent chooses, which determines individual income: profits for modern entrepreneurs,
wages for wageworkers, and the subsistence return for traditional self-employed.

There exists a fixed cost x;; in the wealth unit to start up a business. This is assumed to be independent
of the initial wealth level b;; and is randomly drawn from a time-invariant i.7.d. uniform distribution H over the
unit interval [0, 1], i.e.,

H(l’zt) = jSt.IQ

The variable x;; is latent and may include any kind of fixed-costs in doing business. Thus there is some degree
of freedom in interpreting it. Here, we interpret x;; to represent the inverse of the “entrepreneurial talent” of
each agent in a broad sense.

Talent always requires some normalization as it is otherwise not identified. We model the talent for profits in
an additive way as in common in the econometrics literature on selection. This additive normalization has many
of the same implication as the multiplicative normalization of talent as in Lucas (1978) span of control model.
Normalizing talent additively in units of cost (rather than units of output as in multiplicative normalization)
facilitates our growth accounting exercise because this separates the effects of financial deepening from those of
capital deepening on output growth. (However, again, our growth accounting method that will follow does not

depend on this talent specification issue either.)!3

10The required number of parameters to represent a technology in the absence of homogeneity restrictions with n factors is
(n + 1)(n + 2)/2, and generalized Leontief, translog, and quadratic forms satisfy this requirement. With dichotomous factors,
capital and labor, we need six parameters. Here, we normalize the constant parameter of the quadratic form to zero as this does
not matter for growth accounting.

1 The empirical pattern of constant of factor shares itself seems debatable. Gollin (2002) reports a finding that the employee
compensation shares (adjusting self-employed income) are constant mainly across countries and over time for U.S. and U.K. However,
Jones (2003) argues that evidence shows that factor shares are clearly not constant over time, even among advanced economies
with the only exception of the U.S.

Our growth accounting method and decomposition formula for TFP that will follow do not depend on the functional form of
technology.

12The time-independence of x;; seems unappealing and it is indeed so if we are interested in tracing the dynamics at individual
level. An easy extension allows a fixed effect n; in x;; such that x;; = n; +¢€4¢, where n; is initially drawn from a uniform distribution
and remains constant throughout, €;; is a mean-zero i.i.d. shock, and the sum of the lower bounds of 7, and €;¢ is non-negative.
However, it is the 4.i.d. component &;; rather than the permanent fixed effect n; that drives growth dynamics, and the former
component is featured in our specification here.

13 Another implication of this additive specification of talent is that the firm size distribution is generated from the existence of
borrowing constraints and hence from the wealth distribution rather than directly from the talent distribution. This paper does
not study whether the actual firm size distribtion and its evolution in the data are captured through borrowing constraints and the
wealth distribution or through selection based on talent, a subject for futher research.



An agent 17 is distinguished by a pair of beginning-of-period characteristics: initial wealth b; and randomly
drawn entrepreneurial (lack of) talent x;. (Due to the recurrent nature of the model, the time subscript is
suppressed hereafter unless it is necessary to make it explicit.) There is an additional heterogeneity, depending
on their access to intermediation. One group of agents does not have access to credit and has to self-finance
both the fixed-cost capital and working capital. They also store their wealth in a backyard with gross return
of unity. We call this group the non-credit sector (or sector 1). The second group of agents has access to a
credit market, so they can borrow and lend at the equilibrium interest rate of this credit market. We call this
group the credit sector (or sector 2). We consider the population fractions of the two sectors to be exogenously
determined, matched to the data p, as previously discussed.!*

We intentionally shut down all sources of exogenous technological change, the presumed typical engine of
productivity growth in the existing TFP literature. Thus, for us, productivity growth cannot come from technical
change but only from improving allocation efficiency, which in turn depends on distribution of wealth and the
efficiency of the financial system. Note that occupational shifts in the model are associated with technology
adoption, the choice between modern and traditional sectors, hence our model is in the spirit of explaining
growth via structural changes as in Hansen and Prescott (2002). However, the driving forces are different:
purely financial deepening in our model versus purely technical changes in Hansen and Prescott (2002). We do
this not because we think technical change is unimportant, but rather because we would like to see how well
the alternative hypothesis of growth based on occupational choice and financial deepening can explain actual

growth of output and TFP.

B Non-Credit Sector

In the non-credit sector, the opportunity cost of capital is determined by a constant return of unity tied to a

backyard storage technology. Furthermore, firms must self-finance and face a borrowing constraint:

MTn other work of Townsend and Ueda (2006) and Jeong and Townsend (2006), generalizing Greenwood and Jovanovic (1990)
model, we have made the entry to the financial sector endogenous, though in a different model which emphasizes the sharing of
risk and has fixed transaction costs. That model gets observed Thai trend of financial deepening correct but misses the substantial
upturn of the mid-1980. The point is that this is precisely the time that Thailand liberalized the financial system. Thus some (we
agree not all) of the deepening and particularly the substantial upturn in mid-1980, are exogenous, due to this policy shift. The
spirit of this paper is to see how far we get with that as a driving force. If we linearize the trend of expansion (as it would appear
in the endogenous deepening model), the model fails to get the observed upturn in the late 1980s in growth.



Given equilibrium wage w, an agent of type (b;, z;) in sector 1 chooses his occupation to maximize the end-of-

period wealth W;:

(3) W; = ~+b; for traditional subsisters,

= w + b; for wageworkers,

= 7(b;,x;,w) + by, for entrepreneurs,
where
(4) 7(bi, xi, w) = max{ f(k;,l;) —wl; — k; — z;}° s.t. (2).

il
Note that optimal demands for capital k; and labor [; in the non-credit sector depend on both own wealth b;

and talent x;:

(5) k’i = k(b’iam’iaw)7

(6)

o~
S

l(bi,:ci,w).

Constraint (2) affects the occupational choice on the extensive margin as well. The higher is the initial
wealth b; or the lower the fixed-cost x;, the more likely an agent is to become an entrepreneur. However, a
potentially efficient, low x;, agent may end up being a wageworker, constrained by low initial wealth b;. Given
wealth b; and market wage w, we can define a marginal agent as the one with fixed cost ™ (b;, w) who is
indifferent between being a wageworker and being an entrepreneur, that is 7(b;, ™, w) = w. If the fixed cost
is higher than 2™, the household will be a wageworker for sure. However, from (2), the fixed cost x; cannot
exceed his own wealth b; either. Therefore, given wage w and wealth b;, the critical level of fixed cost for the

marginal entrant to business is
(7) z(b;, w) = min [b;, 2™ (b;, w)] .

With a fixed cost z; less than z(b;, w), household ¢ chooses to be an entrepreneur.

Figure 5.1 displays an example occupational choice map for the non-credit sector, partitioning the type
space (b,x) into four areas: 1) an area of unconstrained subsisters and wageworkers (whose fixed costs are too
high, higher than some critical level z*(w), for them to be entrepreneurs regardless of wealth levels), 2) an area

of constrained subsisters and wageworkers (whose fixed costs are lower than z*(w) but their wealth levels are not

I5When wealth is used as capital (k and z) in production, it depreciates completely, so k + x is subtracted from profits. This
assumption of full depreciation makes the end-of-period wealth and income equivalent. To differentiate between the two, it is enough
to add (1 — §)(k + z) back to the end-of-period-wealth while profits income remains the same. Later we derive growth accounting
formula for both output and TFP consistent with this full-depreciation assumption. Incorporating a depreciation rate of less than
100% can be easily done, maintaining the same formula. For the output growth decomposition, it is enough to replace the gross
capital growth with net capital growth. The TFP decomposition formula remains the same.

10



high enough to self-finance the fixed costs to be entrepreneurs), 3) an area of constrained entrepreneurs (whose
fixed costs are low enough and wealth levels high enough to cover the fixed costs, but not sufficient to finance
the unconstrained level of working capital), 4) and an area of unconstrained entrepreneurs (whose wealth levels
are sufficient to cover both their fixed costs and the unconstrained level of working capital).!6

Some of the entrepreneurs are constrained in using capital and some are not, but all entrepreneurs earn
income higher than or equal to the wageworkers and subsisters. Profits are thus the returns to heterogeneous

talent in running business.

C Credit Sector

In the credit sector, the borrowing constraint (2) is dropped, and the cost of capital is an equilibrium gross
interest rate r > 1 that equates the supply and the demand for capital in the credit market. Given equilibrium
wage w and gross rate of interest r, an agent of type (b;, ;) in sector 2 chooses his occupation to maximize the

end-of-period wealth W;:

(8) W; =~ 4+ rb; for traditional subsisters,
= w + rb; for wageworkers,

= 7(b;,x;,w,r) + rb;, for entrepreneurs,
where

(9) W(bi,xi,w,r) = ) alx{f(kl, ll) — wll — Tki — 7”'1’1‘}.

The capital demand k** of this intermediated sector is given by

a—r)+o(—w)
pB—o?

(10) K (w,r) = max{ 2 0},

and the labor demand [** by

(11) I (w, 1) = 5’7'”’ n %k**(w,r).

Every firm hires the same level of capital and labor, k** and [**. Thus, unlike the first non-credit sector, firm
size does not vary over wealth in the credit sector, measured by either capital or labor. However, entrepreneurs
still earn differential profits due to differences in individual talent.

Occupational choice in the credit sector is entirely determined by talent and not by individual wealth. The

critical level of fixed cost z**(w,r) is found by equating unconstrained profits with wage, i.e.,

w= f(k" (w,r), " (w,r)) — wl* (w,r) — rk™ (w,r) — rz"*(w, ),

16See Jeong and Townsend (2006) for detailed characterization of this occupational choice map.
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that is,

(12) 2" (w,r) = %[f(k**(w,r),l**(w, r)) — wl*™(w,r) — rk™ (w,r) — w).

An agent, whose z; is less than z**(w, ), will establish a firm and earn profits
(13) 7 (zi,w,r) = fF(E (w,r), " (w,r)) — wl™(w,r) — rk™ (w, r) — ra;.

Figure 5.2 displays an example occupational choice map for the credit sector, partitioning the type space
(b,x) into two areas: an area of subsisters and wageworkers and an area of entrepreneurs. Both groups are
unconstrained in their occupational choices. Entrepreneurs are again the agents who are more efficient in
running business and earn the rents to their talents in the form of profits. Hence, entrepreneurial income is
higher than or equal to wage income. However, here, neither the distribution nor the accumulation of wealth
play any direct role in occupational choice. Occupational choice dynamics are determined only by factor price
dynamics through z**(w, 7). Furthermore, wage growth reduces entrepreneurship in the credit sector (while the

same wage growth fosters entrepreneurship in the non-credit sector).
D Competitive Equilibrium

The two sectors are combined in one model with an exogenously expanding credit sector by embedding the
Thai population fraction of the credit sector, i.e., p, shown in Figure 4. Given the exogenous path p, and initial

wealth distributions of non-credit and credit sectors (¥19, Ua), a competitive equilibrium is defined such that:

1. Given wage w; and interest rate r; at date ¢, each agent of type (b;, z;:) chooses his or her occupation to
maximize utility. If the agent chooses to be an entrepreneur, he or she chooses demands for capital and

labor that maximize profits;

2. Labor market clears for the entire economy:

(14) (L=pe) D> @F(w, Wa)+p Y Bh(wyr) =1,

k=s,w,e k=s,w,e
where p; denotes the population fraction of the credit sector at date ¢ and <I>§ the population fraction of

occupation k of sector j, for k = s (subsisters), w (wageworkers), and e (entrepreneurs), and j = 1,2;

3. Capital market clears for the credit sector:
(15) K3 (wi,m¢) + Xo(wy, ) = Koy,

where K (w;, ;) and Xo(wy, r;) denote the aggregate demands for working capital and fixed-cost capital,

and Ko, the aggregate supply of capital, (which is the aggregate beginning-of-period of wealth Bs;.)
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IV Aggregate Dynamics

A Aggregate Production Function

An aggregate production function is defined as a mapping F' from aggregate inputs K and L to aggregate output
Y. But the production function f in the model here is about individual technologies. We discuss whether an
aggregate production function can be derived from the individual technologies f. Since each agent can be
identified by a pair of own wealth and entrepreneurial talent (b, z), we drop the individual index i here.!”

In the credit sector at date ¢, an agent (b,z) whose z is lower than z**(wy,r:) chooses to run a firm,
employing optimal amount of capital and labor k**(wy,7¢) and I**(w;, ;) in (10) and (11) and produces output
yar(b, ) = f[k**(we,rt), I**(wy, r4)]. We can get aggregate output of the credit sector Y37* from these firms by

integrating the individual output over the type space (b, z), where x is less than the critical value z**(wy,r):

00 2" (we,re)
vy — / / you (b, 2)AH (2)d W1 (b),
0 0

where H and Wy, are the distribution functions for z and b in the credit sector. Note that both the optimal
factor demands, k** and [**, and the critical value of talent z** are free from individual wealth. This makes

aggregation straightforward, and the aggregate production function is well-defined:
0o 2" (we,re)
vg = / / £ 6™ (e 72), 17 (g, 7)) dH (2) AW (b)
0
/ / () () [ (w0 2). 17 (a0 )]

(16) Q(U}ta'rt)f[k (wtart) I *(wt’”)]

(17) = Ga(wi, 1),

where ®§(w;, ) denotes the population fraction of entrepreneurs in the credit sector. Thus, when the individual
agents have access to a perfect credit market, the individual production function f translates into an aggregate
production function, free of the wealth distribution. Only factor prices matter for output and the fraction of
entrepreneurs ®§(wy,r;) appears as the TFP term.

Aggregate output in the non-credit sector Y|} is obtained as follows:

z(b,wy)
(18) iy = /0 /0 f k(b z,we), (b, x, w)] dH (x)d¥14(D)

(19) = Gl(wt§ ‘Iflt),

where H and ¥y, are the distribution functions for z and b in the non-credit sector. Here, factor demands

k(b,z,w;) and (b, z,w;) depend on both wealth and talent. The critical value z(b,w;), below which agents

1"The aggregate production function for the traditional technology is obviously well-defined regardless of access to credit due to
its linear nature and we will focus only on the modern technology.
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choose to be entrepreneurs, also depends on wealth and we cannot disentangle the wealth distribution and
the talent distribution from each other. That is, we cannot get a representation of aggregate output in terms
of aggregate inputs. The wealth distribution W, itself enters as a state variable of the aggregate production
function, as expressed in (19). Thus, the interaction between factor price dynamics and the evolution of wealth
distribution plays a key role in determining the aggregate dynamics of output and TFP when there is no
intermediation.

The economy-wide aggregate production from modern technology Y;™ can be obtained from the weighted

m m
sum of Y|} and Y5},

/" = (1=p)Yi} + Yoy
= (1 —p)Gi(we; Yip) + peGolwy, re)

= F(w,re, Ure,pr).

That is, aggregate output Y, is determined by equilibrium prices w; and r;, wealth distribution of the non-credit

sector Wqg, and level of financial deepening p;.

B Take-Off Wage Dynamics

The model has the well-known take-off feature of the dual-economy models, pioneered by Lewis (1954) and
Ranis and Fei (1961), where there exists surplus labor in the traditional sector and wage stays constant, then

8 The subsistence income ~

picks up after some critical point in time with a exhaustion of surplus labor.!
plays the role of a reservation wage w, below which every potential wageworker prefers to remain in traditional
technology. Likewise, if the wage exceeds the reservation wage level, no one remains in traditional technology.
The population proportions of wageworkers and subsistence self-employed are determined by the demand for
labor from the modern technology. When the labor demand of the modern entrepreneurs is not strong enough,
the traditional subsisters (which may be termed surplus labor) coexist with the modern wageworkers, and the
equilibrium wage is tied to the constant subsistence income 7. As the economy grows and demand for labor from
the modern entrepreneurs becomes strong enough, the wage starts to grow beyond ~ and traditional subsisters
vanish. Thus, wage shows the take-off feature in equilibrium.

Note that we do not rely on the assumption of the typical dual-economy models, i.e., asymmetry in marginal
productivity of labor between modern and traditional sectors. In our model, the marginal productivity of labor
is endogenously determined and equalized (and positive) between the two technologies when they coexist, but

we still can generate the take-off feature of wage dynamics. Asymmetry in the returns to capital, instead of

labor, may play a more important role in the development of the dual economy, as the model suggests.

I8Ranis and Fei (1961) call it a “commercialization point.”
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C Entrepreneurship

Financial deepening does mot necessarily promote entrepreneurship for the entire economy. There are direct
and indirect effects of financial deepening on entrepreneurship. The direct effect is related to the change in
the weights of the two sectors in the aggregate economy. Financial deepening also affects entrepreneurship
indirectly through the changes in factor prices, which has different impacts on the two sectors. The overall
direction and size of each effect of financial deepening on entrepreneurship, direct or indirect, depends on the
wealth distribution and factor prices.

First, financial deepening gives more weight to the credit sector in the aggregate economy. Access to
credit helps poor people to relax the borrowing constraint on their occupational choices, encouraging the poor
talented people to become entrepreneurs. Hence the fraction of entrepreneurs is larger in the credit sector than
in the non-credit sector among poor people. Two occupational choice maps (Figures 5.1 and 5.2) at the wealth
levels lower than 3, for example, make this point clear. However, among rich people who do not face borrowing
constraints, the incentive to become entrepreneurs is less in the credit sector than the non-credit sector because
credit-sector agents, when they are not talented, deposit their wealth in banks, earning a positive net return
from the deposit as well as a wage. A comparison of Figures 5.1 and 5.2 at the wealth levels exceeding b*, where
occupational choices are unconstrained in both sectors, makes this point. In fact, the critical level of fixed cost
that determines the extensive margin between unconstrained wageworkers and unconstrained entrepreneurs is

always lower in the credit sector than in the non-credit sector, i.e.,
2" (w, r) < z*(w), for each w and r > 1,

and the gap z*(w) — z**(w,r) increases in r for every given wage w.'® Thus, in the region of high wealth,
the fraction of entrepreneurs is lower in the credit sector than in the non-credit sector. In sum, when the
wealth distribution is concentrated toward the lower tail or when the interest rate is low, financial deepening is

likely to increase the aggregate fraction of entrepreneurs, but for a wealthy and high-interest economy, financial

Y First, note that the wage w is common to both sectors and the difference regarding the critical values of setup cost between
the two sectors comes from the difference in opportunity cost of capital, which is an interest rate r > 1 for credit sector but a unity
for non-credit sector. Second, it is easy to check that z**(w,r) = z*(w) when r = 1. Thus, it is enough to show that z**(w,r) is a
monotonically decreasing in r, which is proved as follows. From (12),

r
where
g(w,r) = f(E** (w,r), 1" (w, 7)) — w** (w,r) — rk™* (w,7) — w.
Thus,
9zt (w,r) 2T g(w,r)
or a r r2
_ aggﬁﬂ‘) B rz**(w,r)
o r r2
1 8g(w7T) * %k
= - |—"-2"(w,7)
r or
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deepening is likely to reduce it. In other words, the expansion of access to intermediation may promote or
diminish entrepreneurship, depending on the wealth distribution and factor prices.

Second, recall that the model implies a take-off feature of wage dynamics. Financial deepening through
employment fosters wage growth. The wage growth is common to both credit and non-credit sectors, but
the response to the wage growth is different between the two sectors. Within the non-credit sector, wage
growth helps wealth accumulation for poor wageworkers, and possibly (depending on the magnitude of the
wage growth) encourages the more talented among them to switch their occupation into entrepreneurs. This
improves allocation efficiency. In the credit sector, occupational choices are already efficient and occupational
shifts depend only on the movement of factor prices. An increase in wage reduces profits, and hence the
fraction of entrepreneurs in the credit sector: z**(w,r) and 7**(x,w,r) are both decreasing in wage w, from
the Envelope theorem. Thus, there are counteracting effects of wage growth on entrepreneurship and overall

productivity growth.

V Simulation

A Calibration

The above discussion shows that there are various general equilibrium forces that interact with each other in
determining aggregate dynamics. Thus, the model is simulated to see whether it can generate the observed
aggregate dynamics when aligned to the actual Thai data. We first select the parameters of the model that
best fit the aggregate data of Thailand in terms of the savings rate, output growth rate, and factor shares.
The initial wealth distribution and the financial deepening measure are obtained from the micro data, the Thai
Socio-Economic Survey.

The preference parameter w corresponds to the propensity to save and is calibrated at 0.3 to match the
average savings rate in the national income accounts of Thailand between 1976 and 1996. The subsistence
return parameter -y is calibrated to match the SES 1976 annual household wage payment, 190,000 baht. Here,
we suppose the 1976 Thai wage to be close to the reservation wage and hence subsistence income (w = ) in the
model. During 1976-1986, the fraction of farmers went down from 55% to 31% while the fraction of wageworkers
increased from 29% to 50%. (See Figure 3.) But the Thai wage stayed constant during this period. According

to the model, compositional change between wageworkers and subsisters with a constant wage can only happen

Since we know that z**(w,r) > 0, it is enough to show that the derivative w is negative, which can be shown:
dg(w, ) ok** (w,r) ol** (w,r) ol**(w, r) Ok** (w, )
— k** l** k** l** . . k** _
or fk( s ) or + fl( s ) or w or (’LU, T) r or
*k PRk ok** w,r *k ok or w,r * %
o R e e PR S [ L2 S R
ar or

= —k"(w,r)<0.

The final equality comes from the Envelope Theorem.
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at the reservation wage. Thus the approximation of v by the 1976 wage seems reasonable.

We need to choose a scale parameter s that converts the Thai baht unit into the model income unit.
The subsistence parameter v is re-scaled using the scale parameter. To be consistent, the Thai initial wealth
distribution is put into the model using the same scale. Given the bounded support and additive nature of the
fixed cost  and the borrowing constraint in (2), the choice of scale is important for the growth dynamics of the
model, not only through the value of v but also through the scale of initial wealth distribution.

Conditional on the chosen values of w and ~, the technology parameters «, 3, &, p, o, and the scale
parameter s are calibrated to match the key aggregate objects in the standard growth accounting formula,
i.e., the paths of GDP growth rate and labor share in Thailand for the period of 1976-1996, using an explicit
root-mean-squared-error (RMSE) criterion (the two variables being equally weighted). Table 1 summarizes the

selected parameters.

Table 1. Model Parameters

w gl 5 o B § p a
0.3000 0.0190 10=7 1.1111 0.0010 0.1000 0.0063 0.0000

Here, we choose parameter values to match the time-series of total output growth and labor share but
not the input growth. Hence, we are not mathcing TFP. In other work of Jeong and Townsend (2006), we do
not calibrate against observed growth at all. Rather, we estimate the parameters using maximum likelihood
methods on individual occupational choice and yet these parameter values yield simulation and decomposition

results for TFP similar to our benchmark calibration here.

B Simulated Aggregate Dynamics

The simulated economy tracks Thai output growth and labor share reasonably well, as shown in Figures 6.1 and
6.2. Simulated annual growth is a little lower than in the actual Thai data. The model misses some engines of
growth in Thailand. However, the dynamic patterns of Thai growth, the slow-down in early 1980’s, the surge
after 1986, and the continual decline thereafter, are all well captured by the model. Simulated labor share is
also a little lower than in the Thai data, but again the model captures dynamic patterns, such as the upturn
of the labor share after 1990 in the data. The upturn is mainly due to wage growth rather than the change in
employment, both in the model and the data. Indeed the model performs very well in predicting the take-off
feature of wage dynamics, as observed in Thailand, shown in Figure 6.3.2° The Thai (full-time) wage had been

flat for a decade despite fast growth, but then this was followed by a sudden and continued growth.

20The Thai wage is measured by the average wage income of full-time wage-earning households, excluding part-time wage income.
Thus, it does not represent average wage earnings in the national income accounts. A substantial part of wage payments in Thailand
during the sample period comes from part-time wage earners but the population fraction of the part-time wage earners decreases
over time. Given the big difference in wages between full-time and part-time workers, total wage payments measured in national
income grow with output growth. Thus, we have a more or less constant aggregate labor share in Figure 7.2 and a flat (full-time)
wage in Figure 8 during the first decade.
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The simulated fraction of entrepreneurs, shown in Figure 6.4, increases from 1.5 to 8.4 percent, with
acceleration in 1986 when the rate of financial deepening accelerates. The fraction of entrepreneurs in the
model is lower than the data and the gap is large, when the category of entrepreneurs in the data includes
both employer and self-employed in non-agriculture (labeled as “Thai Broad” in Figure 6.4). The “Thai Broad”
category of entrepreneurs stays constant around 15 percent, and only after 1990 does it begin to rise, reaching
19 percent by 1996. When we restrict the data to employers only (labeled as “Thai Narrow” in Figure 6.4), the
model exceeds the rate in the data. The rate of the narrow category increased from 1.4 percent to 3.7 percent,
with a substantial rise again after 1990. Both the narrow and broad categories in the data behave similarly over
time. Here, we focus on the broad category with a view to identifying the occupation of entrepreneurs as one
which generates profits.

The model predicts Thai TFP growth well. As shown in Figure 6.5, simulated TFP growth tracks quite

closely actual Thai TFP growth, in terms of both magnitude and movement.

VI Decomposition of TFP Growth

A Decomposition Method
A.1 Aggregation

From equations (4) and (9), output produced by a modern entrepreneur ¢ in sector j, j = 1,2, is given by
yZL = UJZZL + ’I"jk';? =+ T'jIE,jj =+ 7'('7;]',

where y;7, [[7, k[, and x;; denote output, labor, working capital, and fixed-cost capital, and r; = 1 for j = 1

(non-credit sector) and r; = r for j = 2 (credit sector). Total output Y™ in sector j from the modern technology

is obtained by integrating y;"

ij over type (bi, x;), consistent with occupational choices:

(20) Y =wL +r; K" +r; X; + 11, forj=1,2,
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where

oo pz(bw)
L = / 1(b, &, w)dH (2)dW, (b),
0 0
2" (w,r)
= / 1 (w, r)dH (),
0
oo pz(bw)
K" = / k(b, z, w)dH (z)d¥q(b),
0 0
2" (w,r)
K= [ F )
0
z(b,w)
X; = / zdH (z),
0
2" (w,r)
Xy, = / xdH(x),
0

oo pz(bw)
Im, = / / (b, z,w)dH (z)dVq(b),
o Jo
2" (w,r)
I, = / 7 (z, w, r)dH (z).
0

Equation (20) expresses a version of the usual income-payment approach: output produced by firms in sector j
is decomposed into payments to labor wL", to working capital r; K7", fixed-cost capital r;X; plus profits II;.
Note that occupational choice based on differential entrepreneurial talent makes realized profit higher than or
equal to wage for every entrepreneur. Thus, overall profits are positive.

Total output from the traditional technology in sector j is
(21) YjS:FY@_‘;? fOTj:1,2,

where @7 denotes the population fraction of subsisters in sector j.
There remains the third implicit technology, i.e., savings or storage technology. In the non-credit sector,
agents save left-over wealth, not used by firms, in the backyard storage technology at the constant return of

unity, and aggregate income from this storage technology can be expressed as
Y =K, - K" - X1,

where K7 denotes the total capital supply in sector 1. In the credit sector, agents who have left-over wealth
will deposit it in the bank earning financial income, and agents who have excess demand for capital will borrow

from the bank. Thus, aggregate financial income from banks is
Yy = (K2 — K3" — Xa),

where K5 denotes the total capital supply in sector 2. Capital market clearing condition in (15) makes the

financial income in the credit sector zero in the aggregate.
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Adding up the output from all three sources, we get the total output Y; for sector j

= wL;»”—l—ij;”—i—rij—&-Hj —l-’y(I);:-i-Tj(Kj—K;”—Xj)
= w® + @] + 7 K; +1I;

(22) = wl;+r;K; +11;
where L; = @7 + @7 denotes the population fraction of non-entrepreneurial labor force in sector j 2t

A.2 Decomposition

The main idea of the decomposition of TFP growth is that growth accounting by factor and growth accounting
by sector should each yield the same output growth. By equating the two versions, we can identify the sources
of aggregate TFP growth in terms of sectoral TFP growth and compositional changes on the two extensive

margins: occupational shifts and expansion of the credit sector (our measure of financial deepening).

Growth Accounting by Factor Total output Y can be decomposed into factor payments,
(23) Y =wL+rK+11—(r—1)U,*?

where L denotes the total non-entrepreneurial workforce, K the total capital, II the total profits, and U the

total unintermediated capital, i.e.,
(24) U=(1-p)K;.

This income accounting identity differs from the standard one for two reasons. First, profit income II is explicitly
separated out. Second, there is an adjustment term —(r — 1)U. This adjustment is due to the difference in
cost of capital between credit and non-credit sectors. In the income accounting equation (23), the entire capital
K is priced at the interest rate r, while r is the cost of capital only for the credit sector. In the non-credit
sector, a gross return of unity is the correct opportunity cost of capital. The adjustment term —(r — 1)U
corrects this mis-measurement of capital income. If the national income accounts precisely measured the rental
income of capital using the true opportunity cost of capital, explicitly reflecting differential access to credit, this

adjustment term would vanish.

21Total labor demand from firms L?T equals population fraction of wageworkers ®%¥. When both traditional and modern tech-
nologies coexist, the wage is set to reservation wage at w = -y, and hence w<I>;-” + <1>j-’y = w(@}-" + <I>§) = wL;. When the wage starts
to grow, w > v but traditional sector vanishes, i.e., ®% = 0 so that we still can write w@éf’ + <I>§'y =wkLj.

22Note that gross interest rate r is used in (23), due to the assumption of complete depreciation of capital. Recall the profit
equations (4) and (9). To incorporate a depreciation rate of capital ¢ different from one, it is enough to replace r by (r — 1+ 9) in
(23). All formulae of growth accounting will remain same.
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From the income accounting identity (23), we get a growth accounting by factor??

r
(25) gy = sp(9r + guw) + sk (9x + gr) + sngn — su(gu + <r—1> 9r);
where
L K -1HU I
(26) SLZU)?,SK:T?,SU:%,SHZ?,

and gy denotes the growth rate of variable V.24 Output growth is decomposed into growth of input quantities
and growth of input prices, each weighted by appropriate factor shares. TFP growth, hereafter denoted by
TF PG, is defined as is standard as the difference between the output growth and the weighted sum of input

quantities growth:
(27) TFPG =gy — (sxgx — Sugu) — SLYL-

Note that TF PG incorporates two kinds of heterogeneity.?’ First, the term sy gy captures the effect of the
compositional change in heterogenous types of capital between the intermediated and unintermediated sectors.
Second, the same unit of time can be devoted to different occupations, which generates heterogeneity in labor.
Through self-selection based on entrepreneurial talent, entrepreneurs always earn income higher than or equal

to wageworkers and subsisters using the same unit of time and wealth. Thus, a decrease in the population

23Differentiating both sides of (23) with respect to time and then dividing by Y, we get

Y _ wL+wL+fK+TK+fI rU TU+U+U
Yy =Y Y Y Y Y Y Y Y Y

vy TIY ﬂ Yy "KY *ﬁ?ﬁ?*ﬁiy
where the upper dot denotes a time derivative, e.g., Y = dt , hence X 7 indicates the growth rate of Y.

24The growth accounting formula in (25) is written as a growth rate of Divisia index in continuous time. In practice, with
discrete-time data, we use the following decomposition formula between initial period s and final period ¢:

wls wsL 7K reK
gy = Y. + TSQK + ?sgr
11, rUs reU
+739H Y. ~9U — 7397"7

where the upper bar denotes the average between periods s and t. Note that this formula is similar to the Tornqvist approximation
(that uses average of factor shares between dates) to the Divisia index, but our formula for discrete data is an exact decomposition
rather than an approximation. Hereafter, we apply this discrete version of decomposition formula to all the following accounting
identities.

25In “standard” growth accounting, the Solow residual SR (in per capita term) is measured by the difference between the output

growth rate gy and the capital growth rate gx, weighted by capital share s = T?

SR=gy — SkJK-

Thus, the standard Solow residual potentially diverges from our measure of TFP growth by two sources, —spgr (adjustment for
labor heterogeneity) and sygy (adjustment for capital heterogeneity):

TFPG — SR = —srgr, + svgu-

When capital and labor are homogeneous (i.e., when there are no occupational choices and everyone has equal access to credit),
the standard Solow residual coincides with the TFP growth in (27).
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fraction of wageworkers and subsisters toward entrepreneurs increases TFP.26 The term —sy gy captures this
effect.

Rearranging the TFP growth formula (27), we get
(28) gy =TFPG+ 5,91 + Sk9gKx — Sugu-

The growth rates of aggregate factors g1, gk, and gy can be further decomposed into sectoral levels:

(29) g = 50,(1=p)gr, + 50,091, + (S, — 5L, )PYp;
(30) gk = 5k, (1 =p)gK, + SkaPgK, + (5K, — Sk, )PIp»
1
(31) gu = 9K, — ﬂpgp.
where 57, = % and sk, = %.27 Substituting equations (29) to (31) into the aggregate factor growth equation

(28), we get

(32) 9y = TFPG—"[ng (8L2+SK2)_§Y1 (SLI +5K1)]pgp+(1_p)gy1 (5L19L1 +8K19K1)+pgyz (SL29L2+5K29K2)'

Growth Accounting by Sector Economy-wide output Y is a weighted sum of sectoral outputs Y; and Y5,

(33) Y = (1-p)Y1+pYs,

where p is the population fraction of the credit sector. This gives a growth accounting identity by sector:

(34) gy = (1 =p)svigvy + PSva 9y, + (8v, — 5v1)PYp,

where sy; = % Within-sector output growth gy, can be expressed:

(35) gy, = TFPGj +sp,91; + sK,;9k,, for j=1,2,

where sp; = wij 2 and sk, = Tj)fj{ 2, and TF PG, denotes intra-sectoral TEP growth of sector j. Substituting the

within-sector growth rates gy; and gy, as in (35) into (34), we get

(36) gy = (v, —sv)pgp + (1 = p)sy, TF PGy + psy, TF PG,

+(1 = p)sy, (52,91, + SK,9K,) + P8Y, (81,91, + SK, 9K, )-

26TFP growth from this occupational shift is indeed an efficiency gain in the non-credit sector because the occupational shift
reflects the relaxation of constraints on the extensive margin. However, there is a subtle difference between TFP growth and
efficiency improvements in the credit sector. Occupational choices in the credit sector are already efficient and the compositional
change in occupation is a pure response to factor price movements (again efficiently selected over talents). Thus, unlike the
non-credit sector, there is no net efficiency gain from occupational shifts in the credit sector. However, output can grow from the
occupational shift at given endowments of wealth and time and this appears TFP growth. This point was explicitly made previously
in equation (16). Recall that the population size is normalized to one and everyone is in the work force providing one unit of time
inelastically. Thus, this term is related neither to changes in labor force participation nor to the changes in hours of work.

27This is obtained from the aggregation identities for sectoral inputs

L = (1-p)L1+pLo,
K = (l—p)Kl + pKos.
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Decomposition Formula Equating the two versions of growth accounting identity (32) and (36), we can

obtain a formula that decomposes aggregate TFP growth TF PG into four underlying sources:

(37) TFPG=FIN+0OCC+CH+ WSR,
where

. 1 I
(38) FIN = |5y,-2 —&y,— pgp : Financial-deepening effect

Y, Y1

(39) oCC = (1-p)sy,0CCy + psy,OCCs : Occupational-shift effect
(40) CH = sygk,: Capital-heterogeneity effect
(41) WSR = (1-p)Sy,SR1+ psy, SRy : Within-sector Solow residuals

and OCCj and SR; denote within-sector occupational-shift effect and within-sector Solow residual of sector j
for j = 1,2, defined as:

rK;
(42) SR; = gv, — <Yj> 9K;»

J
(43) OCC; = —sp,9L;-

The financial-deepening effect, F'I N, captures the contribution of the expansion of the intermediated sector
(pgp) on TFP growth. Equation (38) shows that financial deepening affects TF' P through the gap in profitability,
measured by profits normalized to output, between credit and non-credit sectors (§y2 % — Sy, %), not through
the sectoral output gap. Given the sectoral output gap (Y3 > Y7), financial deepening will increase aggregate
output but not necessarily productivity. Thus, observing the output differential between the two sectors can
be misleading in an attempt to understand the effect of financial deepening on productivity growth. Aggregate
productivity grows from financial deepening only when normalized profits of the intermediated sector are higher
than the non-intermediated sector. The occupational-shift effect, OCC), is a weighted sum of occupational shift
effects within sectors, OCC; and OCC5. Changes in factor prices and profits affect both OCC; and OCCs.
In the non-credit sector, wealth accumulation also affects OCCy. The CH captures the effect of compositional
changes in heterogeneous capital between the credit and non-credit sectors.

The W SR is a weighted sum of standard Solow residuals SRy and SRy within sectors. The dual measure
of the within-sector Solow residuals, DW SR, is defined as a weighted sum of growth rates of factor prices and

profits?®:

(44) DWSR = sp.gw + 3y, 5K,9r + (1 — p)Sy, 811,911, + DBy, S11, 911, -

28 Hsieh (2002) applied the dual approach in accounting for growth of other East Asian countries. Here, we explicitly incorporate
profits and our dual measure of Solow residuals is the sum of sectoral Solow residuals. Fernanad and Neiman (2003) argue the
importance of explicit consideration of profits and heterogeneous costs of capital (though they emphasize the government-directed
credit availability) in reconciling the TFP growth estimates of the East Asian countries between Young (1995) and Hsieh (2002).
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The primary measure W.SR is related to the dual measure DW SR:
(45) WSR=DWSR - CH —0CC.*»

This suggests that WSR is determined by (endogenous) movements of factor prices and profits, net of the
heterogeneity effects CH and OCC.

B Decomposition of Simulated TFP Growth

We apply the above growth accounting method, which allows us to get inside of the “residual,” to both the model
and the actual Thai data and quantitatively measure the underlying sources of the total factor productivity
growth.

Figure 7 displays aggregate TFP growth from the model and the four sources, FIN, OCC, CH, and W SR,
calculated from the equations (38), (39), (40), and (41), respectively. The occupational-shift effect (OCC) is
tiny. The capital-heterogeneity effect (CH) is small except during the initial years, when the interest rate in
the model is very high (above 60 percent per annum). The within-sector Solow residuals (WSR) seem small
also again except in the initial years and in the early 1990’s. The dominant source of aggregate TFP growth in
the model is the financial-deepening effect (FIN), especially during the second decade of 1986-1996, when the
expansion of the credit sector accelerated, as shown in Figure 4.

Allowing occupational choice plays a key role in the model because this selection generates rents to talent,
through which financial intermediation affects TFP. However, the size of the direct occupational shift effect on
TFP OCC turns out to be small. This is due to the general equilibrium effects on occupational choice, i.e., due
to the endogenous movements of factor prices accompanying growth. The wage (Figure 8.1) stays constant at
the reservation level until 1990 and then grows steadily and fast. The interest rate (Figure 8.2) continuously

declines, a typical feature of diminishing returns to capital accumulation (with the exception of the small rise

29From the accounting identity for sectoral output growth

gv; = sr;(9r; + 9w) + sk; (9k; + gr;) + sm;gm;, for j=1,2.

we have
_ rKq
SR = gy, — ( Y )9K1
(r—1)K;
= gy —SK1 9K, — —w 9K,
Y1
SUIK
= Sp19w t+ S1,911; +SL, 9L, — —=L
PSy;
and

SR2 = 9y, — SK29Ko
= SLygw + SKygr + S, 91, + SLogL,-
Substituting the SRy and SR2 as above into WSR in (41), we get
WSR=DWSR—-CH — OCC.
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in 1986 when the financial expansion starts to accelerate). Profits (Figure 8.3) of the credit sector respond
to these factor price movements; first increasing when the interest rate declines fast and the wage is constant
(1976-1982), stable when the interest rate is stabilized and the wage is still constant (1982-1990), then declining
when the interest rate declines but the wage increases fast (1990-1996). Figure 8.4 shows the population fraction
of entrepreneurs in the credit sector follows a similar pattern, responding to this movement of profits.

In the non-credit sector, profits respond only to the wage, not to the interest rate. Profits (Figure 8.3) of
the non-credit sector are only slightly increasing over time, even when the wage grows after 1990. Wage growth
has two effects in the non-credit sector. First, it directly decreases the profits of the incumbent entrepreneurs,
but second, it helps wealth accumulation and hence facilitates the occupational shifts of poor but talented people
from wageworkers to entrepreneurs. The latter effect is larger than the first one, but the population fraction
of entrepreneurs in the non-credit sector increases only slightly, i.e., —gr, is close to zero in (39). Figure 8.5
shows that the sectoral wage share of the non-credit sector, (1 —p)3y, sz,,, is much larger than that of the credit
sector, pSy,Sr.,, in (39). That is, OCC' is dominated by OCC} which is small, and hence so is OCC.

Figure 8.6 shows that the profitability gap, (§y2 1;,—22 — Sy, 1;,—11) in (38), decreases over time, slowly until 1986,
and much more rapidly after the accelerated expansion of the credit sector. Note that the start of the sharp
decline in the profitability gap is associated with the financial expansion, not with wage growth, though wage
growth reinforces the convergence in profitability between the two sectors. With this decrease in the profitability
gap, the financial-deepening effect gradually gets smaller (see Figure 7) despite the continual expansion of the
credit sector after 1986 (see Figure 4).

The sectoral Solow residuals SRy and SRy show different responses to wage growth, as shown in Figure 9.
After the wage starts to grow, SRy surges from zero to 2.5% but SRy drops from zero to -2%. This is related
to the contrasting response of profits between sectors to the wage growth. In the non-credit sector (sector
1), wage growth helps wealth accumulation and hence the occupational shifts of poor but talented people from
wageworkers to entrepreneurs. New entrants to enterprise are more efficient than the incumbents, which reduces
the average fixed cost and tends to increase profits. There are no such positive effects of wage growth in the
credit sector (sector 2), because within-sector occupational choices are already efficient. Wage growth simply
reduces profits in the credit sector.

This suggests an interesting lesson for future study of TFP at disaggregated subgroup levels. Within each
subgroup, there are still two types of agents, those who have access to credit and those who don’t. The degree
of limited access to credit may well vary across subgroups. The different magnitudes of the measured Solow
residuals across subgroups may simply reflect these differential degrees of limited access to credit, rather than
differences in technical changes across subgroups. Suppose, for example, manufacturing is more intermediated

than agriculture. Then, the Solow residual of the less intermediated sector, agriculture, may be larger than
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that of the more intermediated sector, manufacturing when wage increases.>® Furthermore, the possibility of
counteracting movements of sectoral Solow residuals suggests that the sum of the measured sectoral Solow
residuals may appear small although each sector experiences substantial changes in TFP. This suggests that
explicit consideration of the varying degrees of intermediation is crucial to the TFP study at both aggregate

and disaggregate levels.

C Decomposition of Actual Thai TFP Growth

C.1 Measurement

Now we measure and decompose actual Thai TFP growth using the same decomposition method. The difficulty
in doing this is that key variables such as shares and quantities of capital and labor and profits need to be
differentiated according to having access to credit or not. Use of micro data helps to resolve this problem.

Thai aggregate Solow residual SRT"% is obtained from the standard growth accounting, as was already
calculated (displayed in Figure 1). We filter out the effects of growth from the increase in the quantity and
quality of labor, as well as from the expansion of cultivated land that are not in the model. We can then
compare TFP in the Thai data to TFP as in the model. To construct TF PG for Thailand, we need to take two
kinds of heterogeneity into account, labor-heterogeneity effect (—srgr) and capital-heterogeneity effect (sygy)
such that TFPG = SR — spgr. + sugu-

The growth rate of the fraction of entrepreneurs (—gy,) is obtained from the occupational choice data in

— wL

the SES and the income share of non-entrepreneurs (s;, = %4*) from the income data again in the SES. Thus,

we get the labor heterogeneity effect for Thailand, denoted by —szg%hat.

To compute the capital-heterogeneity effect sygy, we would need data for K;, the non-intermediated

capital. This information is, unfortunately, not available from a typical household survey, and so we cannot

isolate this effect.?! The capital-heterogeneity effect is thus included in the measured residual SRT"*. Thus,
we use
(46) TFPGThai _ SRThai o SLg'{hai

as our measure of Thai TFP growth.
To measure the financial-deepening effect and occupational-shift effect for Thailand, denoted by FINThei

and OCCT"e  respectively, the economy needs to be partitioned into non-credit and credit sectors. As was

30Tinakorn and Sussangkarn (1998) find it puzzling that the Solow residual of agriculture is larger than the Solow residual of
manufacture (which is in fact negative) in Thailand. There have been no significant technological innovations in the Thai agriculture
in particular in the rice farming. It is rather manufacturing that has been more open to the possibility of technological innovation
through the foreign direct investment for the latter decade. However, if agriculture is less intermediated than manufacturing in
Thailand, we may observe higher Solow residual in agriculture than in manufacturing for the period of wage growth.

31Non-intermediated capital stock K7 and its factor share are available neither from national income data nor from typical
household surveys. We may need firm surveys to fetch these pieces of information. For a more comprehensive decomposition, a
synthesis between two types of micro data, i.e., firm surveys and household surveys seems needed.
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mentioned earlier, the SES records all financial transactions (both borrowing and lending) of each household
with all formal financial institutions, and so we can create an indicator variable for the use of any of the formal
financial institutions of each household. This allows us to partition the economy into the two sectors. The
SES records the wages and profits data for each individual separately. Combining the indicator variable of the
financial sector partition with these disaggregated income data, we construct factor shares and profits not only
for the aggregate economy, but also for each of the credit and non-credit sectors. That is, we have the necessary
information IIy, Iy, Y7, Y5, Y, and p to calculate FINTH% a5 in the equation (38), and w, L1, Ly, Y1, Ys, Y,

and p to calculate OCCT"% as in equation (39).
C.2 Decomposition Results

The labor-heterogeneity effect —sr,g1"% turns out to be small in the Thai data and thus from (46) the aggregate
TFP growth TF PGTh% is very close to the aggregate Solow residual SRT"%% obtained from the standard growth
accounting exercise, as shown in Figure 10. On average, SRT"% is 2.34 percent per year while TFPGTh ig
2.42 percent.

The components of TFPGT"* are displayed in Figure 11. The occupational-shift effect OCCT"%% is small
(0.08 percent per year on average) as in the model. The financial-deepening effect FINT"? is large (1.69
percent per year on average), also as in the model. These two sources of productivity growth explain 1.77
percent out of the total 2.42 percent of the aggregate TFP growth per year in Thailand during 1976-1996. That
is, 78 percent of the Thai TFP growth can be explained by the enhanced allocation efficiency (3 percent from
within-sector occupational shift plus 70 percent from financial deepening). In other words, explicit consideration
of occupational choice and financial deepening eliminates about three-quarter of the “measure of our ignorance”
of the growth process.

We cannot isolate the capital-heterogeneity effect C H for Thailand, due to lack of data on the capital stock
differentiated by access to credit. However, we can calculate a dual measure of within-sector Solow residual,

DW SR, using price data as in equation (44). Rewriting (44),

B prKs (1-p)II, plly
DWSR = spgy + v gr + v g, + % g1l -

Replacing % by §7 we approximate DW SR for Thailand by

pTK (1 - p)Hl pH2 32

+

(47) DWSRThai ~ SLYw + Y gr Y ng + 79112‘

In Figure 11, we see a big hump for DW SRT"* during the second decade of wage growth period, peaking at

7% in 1990 and then declining to zero in 1994. That is, the combined effect of movements of factor prices and

32Here, we bear a measurement error coming from the difference in capital-output ratios between aggregate economy and credit
sector. When the capital share of credit sector is higher than that of aggregate economy, our measure DWSRT?%% is likely to
underestimate the true value.
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profits generates non-monotonic TFP dynamics.

From equations (37) and (45), the aggregate TFP growth of the model can be rewritten
TFPG = FIN + DWSR.

If the model were a precise description of the Thai economy, TF PGT"* would be explained by FINThe and

DW SRThe Defining a residual term
(48) RESThai — TFPGThai _ FINThai _ DWSRThai,

the REST"* measures a remainder TFP growth in Thailand that is not explained by the model. This may
include productivity changes from policy reforms or distortions (not related to financial deepening and occupa-
tional shifts), or changes in pure technical efficiency. Although the average size of REST" is small at -0.9%,
REST" does closely track big movements of TFPGT"* during 1976-1981 and 1987-1996 periods. In particu-
lar, it plummeted to -9% in 1990 and stays negative till 1996. Thailand after the mid-1980’s seemed to have big
negative productivity shocks (either from policy distortions or to technical regress) while the allocation efficiency
improved through financial deepening and occupational shifts for the same period. This perhaps presages the
upcoming crisis in 1997.

The key variables underlying the Thai TFP growth, TFPGT"  are displayed in Figure 12. (The analogue
of the model was Figure 8.) The Thai wage (Figure 12.1) shows the take-off dynamics, staying constant until
1986 with a sudden and continued growth thereafter. The Thai real interest rate (Figure 12.2), measured by
the prime lending rates of the four largest Thai commercial banks, does not show a monotonic trend. Rather it
surges during 1980-1984, with a sharp decrease during 1985-1989, then stable thereafter.

Figure 12.3 displays the profits levels of the non-credit and credit sectors. Before 1981, profits were stable
(only slightly increasing in the credit sector and slightly decreasing in the non-credit sector). During the recession
period, 1981-1986, profits declined in both sectors. After the wage started to grow, movements of profits differ
between the two sectors. Profits increased continually with the wage growth in the non-credit sector, consistent
with the model. But profits increased in the credit sector as well during 1988-1992, despite the wage growth.
In sum, the movement of profits of the Thai credit sector is different from the prediction of the model. This
anomaly appears in the fraction of entrepreneurs as well, which increased in both sectors when the wage grew,
as shown in Figure 12.4. This suggests that the credit sector of the actual Thai economy is not as perfect as is
assumed in the model.

As shown in Figure 12.5, Thai wage share is larger in the non-credit sector than in the credit sector and
that the gap becomes smaller, both as in the model. Thus, the occupational-shift effect is mainly governed by

occupational shift in the non-credit sector, the magnitude of which is small (see Figure 12.4). This explains the
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small size of OCCT"%. The profitability gap between the two sectors (Figure 12.6) slightly increased until 1986,
suddenly dropped for two years when the wage started to grow, bounced back during 1988-1992, and declined
fast thereafter. Thus follows the decline of FINT"% for this latter period, as observed in Figure 11, despite the

continual expansion of the credit sector.

VII Model Evaluation

We already observed in Figure 7 that the model predicts the aggregate dynamics well. In part, from output
growth and labor share, it is calibrated to do so. However, neither aggregate TFP growth nor its components,
which we want to explain, were used in calibration. Figure 13 shows that the model predicts the main components
of TFP growth, financial-deepening and occupational-shift effects well. In particular, the financial-deepening
effect on TFP growth from the model remarkably resembles the actual Thai data, in terms of both movement
and magnitude. The occupational-shift effect is small in both the model and the data due largely to the stability
of the fraction of entrepreneurs within each sector, due again to the general equilibrium movements of factor
prices that counteract each other for the occupational choice.

We performed sensitivity analysis. The Figures A.1 to A.7 show some representative results of the sensitivity
analysis. The simulated dynamics of output and TFP growth and the sources of TFP growth turn out to be
robust to the perturbation of parameters. In particular, changes in the capital coefficients «, 3, and o make
virtually no difference. Changing the labor coefficients of € and p, savings propensity w, and subsistent income
~ seem to give more variation to the dynamics of output and TFP. However, the orders of magnitude of changes
from varying these parameters are still small. In particular, the size and the movements of the financial-deepening
effect on the TFP growth remain robust to every perturbation.

There are several noticeable features in the data which the model cannot explain. First, the fraction of
subsisters should completely vanish once the wage starts to grow. Better identifying who are the traditional
subsisters in the data is a separate empirical issue. However, whoever they are, the model cannot accommodate
the coexistence of modern entrepreneurs and traditional subsisters together with wage growth. At least some
Thai farmers, in particular the small-scale rice farmers, are likely to use traditional technology, yet they do not
vanish with the strong wage growth in Thailand, as shown in Figure 14.1. This failure seems to come from the
simplification of the fixed return to labor in the traditional sector. Second, the model predicts that the fraction
of entrepreneurs should decrease in the credit sector as wage grows, but the fraction of entrepreneurs increases
during the 1988-1996 period when wage grows in the data, as shown in Figure 14.2. This suggests that the
intermediation within the credit sector seems less than perfect in the data, unlike the presumption of the model.

Third, the big negative productivity shocks after the mid-1980’s, as picked up in REST"% are not captured by
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the model.

These anomalies may guide the search for an even better theory of TFP. For example, Jeong and Kim
(2006) show that sector-specific complementarity between work experience and labor is helpful in generating a
smooth and gradual S-shaped transition, correcting the first failure and providing another channel of TFP. The

role of imperfect intermediation within credit sector has yet to be studied.

VIII Conclusion

Existing TFP literature usually measures the size of TFP but rarely directly identifies its underlying sources.
The sources of TFP growth typically remain unknown inside the residual. We attempted to find what is
inside of the residual using both data and models. We combined micro data with macro data and developed
a method of TFP growth accounting based on a growth model with occupational choice under limited access
to credit. TFP growth was decomposed into four components; financial-deepening, occupational-shift, capital-
heterogeneity, and within-sector Solow residuals. Applied to Thailand, we found that explicit consideration of
occupational choice and financial deepening eliminates about three-quarters of the “measure of our ignorance”
of the growth process. In particular, we found direct evidence for the finance-growth nexus through this TFP
growth accounting exercise.

The interactive evolution between factor prices and wealth distribution matters for TFP dynamics, and
depends on access to credit. Several implications follow for growth accounting. First, an aggregate production
function without incorporating the wealth distribution may fail to capture important growth dynamics. Second,
differential profitability and heterogeneous costs of capital play an important role understanding TFP. Third,
varying degrees of limited access to credit across sub-groups of the economy can be a source of differences in
TFP at a disaggregated level. Finally, take-off wage dynamics, a typical feature of dual economy models, can
be generated as an equilibrium phenomenon.

Occupational choice and credit constraints have long been considered important dimensions in understand-
ing the development process. The development literature has searched and found ample micro evidence for the
importance of both. We brought a growth model with micro underpinnings that incorporates occupational choice
and credit constraints to macroeconomics, and confirmed its quantitative importance in explaining aggregate

TFP.
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Notes: TFPG: TFP Growth in equation (27). FIN: Financial-deepening effect in equation (38). OCC: Occupational-shift effect in equation (39)
CH: Capital-heterogeneity effect in equation (40). WSR: Within-sector Solow residual in equation (41).
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Notes: SRl = ng - (rKl/Yl)gKl: Non-credit sector Solow residual. SR2 = gYZ - (erle)ng: Credit sector Solow residual
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Figure 11. Decomposition of Actual Thai TFP Growth

Notes: TFPG™™: TFP growth in equation (46). FINTE: Financial-deepening effect in equation (38). occ ™. Occupational-shift effect in equation (39).

DWSR "": Dual within-sector Solow residual in equation (47). RES™: Residual TFP growth in equation (48).
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Figure 13. Sources of TFP Growth

Notes: Financial-deepening effect and occupational-shift effect are measured as in equations (38) and (39), respectively.
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