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STRUCTURAL TRANSFORMATION IN
GENERAL EQUILIBRIUM

Alessio Moro” and Carlo Valdes®

Abstract
Models of structural change in general equilibrium are commonly used to address a number of
questions regarding the behaviour of the macro-economy. In this paper, we first revise the main
mechanisms at work in generating structural change in a multi-sector environment. These effects
emerge due to both an interaction between consumers' preferences and technological change and
to different income elasticities of the various goods and services entering the utility function.
Next, we address the issue of measurement of these models when comparing them to the data.
The typical assumption in multi-sector models is to define GDP as aggregate output in units of a
numeraire good, often chosen to be the investment good. However, this procedure is equivalent
to deriving nominal GDP in the data (i.e. total output of the economy in units of one particular
good), and not to deriving a measure of real GDP. We then discuss how GDP in the model
should be measured to provide a statistic that is comparable with the data in national accounts.
The last part of the paper is devoted to show how structural transformation from manufacturing
to services, when appropriately compared to the data, generates a decline in GDP growth and

volatility along the growth path of an economy.
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1. Introduction

In recent decades, multi-sector general equilibrium models have become popular as a means of
addressing a number of issues in macroeconomics and have provided insights into how the
process of structural transformation affects several dimensions of the macroeconomy. Two of
these dimensions are GDP growth and GDP volatility. Moro (2015), for example, studies how
different sectoral compositions of GDP can account for differences in GDP growth across
countries. He finds that a rise in the importance of the services sector can explain most of the
differences in GDP growth measured in cross-country data. Leon-Ledesma & Moro (2019)
show that the process of structural change can explain the increasing real investment rates
observed across countries as income grows. Moro (2012) shows that an increase in the services
sector share causes a reduction in the volatility of aggregate TFP, GDP, manufacturing and
services consumption, investment and employment. Similarly, Carvalho & Gabaix (2013) show
that the Great Moderation in the US is due to a decline in the manufacturing sector, while the
recent increase of macroeconomic volatility is due to the growth of the financial sector. More
recently, work by Duernecker et al. (2017a) studies what will be the effect of structural change
on growth in the future of the US economy, finding that this process will reduce aggregate
productivity growth by half as much as in the past. General equilibrium models of structural
change are also employed to study issues related to monetary policy (Galesi & Rachedi 2019),
international trade (Kehoe & Ruhl 2013), gender issues (Ngai & Petrongolo 2017; Cerina et al.
2017), aggregate productivity (Duarte & Restuccia 2010; Herrendorf & Valentinyi 2012), home
production (Ngai & Pissarides 2008; Moro et al. 2017), and the skill-premium (Buera &
Kaboski 2012).

This paper discusses three main issues related to structural change in general equilibrium



models. The first issue relates to the mechanisms at work in generating structural change in this
class of models. The second is concerned with how we should relate these models to the data.
In particular, we will consider the appropriate concept of GDP in these models. The third issue
we discuss is an application of a model of structural transformation to the growth and volatility
experience of middle- and high-income countries. In addressing these issues, we will aim at
maximising intuition by keeping the amount of algebra to a minimum.

Regarding the first issue, there are two main mechanisms generating structural change in general
equilibrium in a closed economy. The first mechanism emerges from the interaction between
consumers preferences and technological change that is differential across sectors. To fix
intuition, consider the extreme case of an economy with only two firms, one producing coffee
and the other sugar, and a representative consumer with Leontief preferences over the two goods
and providing its unit of time to the two firms in exchange for a wage. Assume that markets are
under perfect competition so that in equilibrium the price of output is always equal to the
marginal cost. In this environment, regardless of the wage received, the consumer demands every
cup of coffee together with a spoon of sugar. If the technologies of the two firms are equally
productive the consumer will sell half of its time to the coffee firm and half to the sugar firm. We
thus have a general equilibrium in which in all markets (for goods and labour) demand is equal
to supply. Assume now that for some reason the technology to produce sugar improves, so that
the amount of labour time needed to produce one unit of sugar declines, and as a result the price
of sugar relative to coffee declines. To understand the effect of this change on the general
equilibrium we should ask how the consumer reacts to the change in the relative price. Due to
Leontief preferences, after a change in the relative price of goods the substitution effect is zero,

and only the income effect plays a role. As the consumer is willing to consume the two goods in



a given proportion, the effect is that labour time flows out of the sugar sector and into to the
coffee sector. Note the apparent counter intuitive result: labour flows towards the least
productive sector! This is the well-known Baumol’s cost disease, suggesting that if the elasticity
of substitution across goods is sufficiently small, the least productive sectors attract most of the
labour force in an economy. The second mechanism at work is the different income elasticity of
the various goods and services in the economy. Going back to the coffee and sugar example
above, consider now a utility function in which the income elasticity of coffee is larger than one
and that of sugar smaller than one. In this case, as the consumer’s income grows, she is going to
increase the share of income devoted to purchasing coffee and decrease that used to purchase
sugar. Note that this happens for given prices. In the case when prices are also changing, there
will be two effects working contemporaneously; firstly, that due to the interaction between
preferences and technology, and secondly, that working through the different income elasticities
of consumption. In Section 2 we formalise these two effects in a two-sector model.

The second issue addressed in the paper regards measurement, and so the interpretation of the
structural change model. This is not only a technical issue, but has important theoretical
implications, because there are several potential measures of GDP in the model, and depending
on the chosen one, the predicted effect of structural change on GDP could be dramatically
different. A common feature of most applications of structural change is that they define
aggregate output, which is the model’s counterpart of real GDP in the data, as total production
expressed in units of a numeraire good. This procedure is equivalent to what is done in the data
when expressing total production in units of a currency, that is, when nominal GDP is
constructed. However, this procedure delivers a variable that is not directly comparable with

what is measured as real GDP in the data. In this paper, we show how to appropriately match



the equilibrium of a structural change model to the data. This involves using equilibrium
allocations and prices in the same way quantities and prices are used in the data to construct
quantity and price indices. To do this we discuss the Fisher chain weighted quantity index that
is used in national accounts and show that it is independent of the numeraire chosen (in the data
and in the model).

Finally, we devote the last part of the paper to an application of structural transformation to
GDP growth and volatility in which GDP is appropriately measured with a Fisher chain
weighted index. We show that the process of structural transformation is tightly linked to the
process of economic growth. This interaction works as follows: As income grows, structural
transformation is generated through the mechanisms described above. In particular, as the
consumer becomes richer, a higher income elasticity of services with respect to manufacturing
and more rapid technological change in manufacturing induces the consumer to increase the
share of services in consumption expenditure. As structural change occurs, capital and labour
flow to the least productive sector (i.e. services) and this reduces the growth rate of GDP.
These effects emerge only if the model is appropriately measured with a Fisher index.
Otherwise, we would only observe in the model that growth affects structural transformation,
but not that structural transformation affects growth.

The reminder of the paper is organised as follows: Section 2 presents a two-sector model of
structural transformation and describes the main mechanisms at work; Section 3 discusses how
to measure output in the model to allow a comparison with the data; Section 4 describes an

application of the model to GDP growth and volatility; and finally, Section 5 concludes.

2. A Growth Model of Structural Transformation



In this section we present a two-sector general equilibrium growth model of structural
transformation. Over time, the economy experiences growth due to exogenous technological
change in the production functions of the two sectors. In the general equilibrium, these

improvements in technology also generate structural transformation over time.

2.1. The Production Side
There are two sectors in the economy, manufacturing (m) and services (s). In each sector there
is a representative firm producing under perfect competition using a Cobb—Douglas production
function. Thus, technology in each sector is given by:

Vie = kit (Aeny)* ™0
where 6 is a parameter defining the capital intensity in production, k;; is the amount of capital,
n;. is the amount of labour in sector i, with i = m,s, and A;; is the technological level in
sector i, which is exogenously given and growing at a rate y; > 0 over time. The manufacturing
sector produces a good that can be used for consumption or investment. The output of services
is used only for consumption.
Firms maximise profits (IT) at each point in time, ¢:

maxp,, k;, [I; = Maxy, k;, [Pitkg(Aitnit)l_g - Winy — Rtkit]
where p;; is the price of output, R; is the rental rate of capital and W, is the wage rate. Given
the form of the production functions two results emerge from profit maximisation that are
particularly useful in our context. First, in general equilibrium the capital-labour ratio in each
sector is equal to the aggregate one:

kie _ Kt .

==Li=ms
nit Nt

where K; is the total amount of capital and N; is the total amount of labour in the economy.



Second, if we choose manufacturing as the numeraire, p,,; = 1, the general equilibrium price

of services relative to manufacturing is given by:

Pst = (A“)H (1)

Amt

Equation (1) implies that regardless of the allocation of capital and labour across sectors, the
relative prices are technologically determined. Equation (1) also suggests that the production
side of the economy is summarised by the evolution of technology across sectors. This further
implies that the aggregate production possibility frontier of the economy is linear and so,
regardless of the actual amount of capital and labour used in the two sectors, it is always
possible to give up production of one unit of services in the economy to obtain pg, units of
manufacturing in exchange. The optimal response of the consumer to the change in pg
determines structural change in the economy.
Finally, in each period, the feasibility conditions are such that in general equilibrium capital
and labour demanded in the two sectors must be equal to their aggregate supply:
ke + ks =K,
Npe + Ngg =N, =1

and aggregate labour is normalised to one.

2.2. The Demand Side

The demand side of the model is given by an intertemporal maximisation problem in which the
consumer chooses both consumption and savings over time, and how to allocate consumption in
each period between manufacturing and services.'

The maximisation problem is:

' The reader is referred to Herrendorf et al. (2014) for a similar exposition in a three-sector model.
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Cme + DstCst = PeCe — DseCs
Here C; is the aggregate consumption index, which depends on the amount of manufacturing
consumption ¢,,; and services consumption c,;. The parameter C; is positive and is interpreted as
the home production of services. Technically, this parameter implies that the income elasticity of
services is larger than one, and that of manufacturing smaller than one. This non-homothetic
parameter implies that the consumption index C; multiplied by the price index P; does not equate
consumption expenditure c,,; + Ps:Cst, @ detail clarified in the last constraint. The parameter f is
the subjective discount factor, § is the depreciation rate of capital, w,,, and w, are weights of the
two types of consumption in preferences and € governs the elasticity of substitution between
manufacturing and services in preferences. > In what follows we show that &, and ¢ are the key

parameters to generate structural transformation as income grows.

2.3. The Intertemporal Problem

The above problem can be split into two separate problems, an intertemporal one in which the
household chooses how to allocate resources over time and a static one in which the household
decides how to split resources into the two types of consumption. The solution of the
intertemporal problem provides a Euler equation stating the relationship between nominal

consumption spending in two periods of time. We can express the Euler equation as:

2 Note that the consumer provides N, amount of time in the labour market so the total wage received is W,N,.
However, we normalised N, = 1.
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This equation states that the ratio of consumption expenditure in two different periods depends

on the subjective discount factor 3, the return on capital R, and the depreciation rate §.

2.4. The Static Problem
The static problem is the one that generates structural transformation over time. This is:

1/¢e el 1/¢e _ &t
maxe . co (w‘m/ (cme) e + C"s/ (ot +C5) e )

A3)

Subject to:
Cmt T DstCst = Wt

In this problem, total expenditure at time t, w;, is taken as given, as it is derived in the
intertemporal problem and it is equal to P,C; — ps:Cs. Thus, in Equation (3), the consumer takes
as given the total amount of consumption she needs to attain, C;, and looks for the cheapest
combination of the two goods that allow her to attain such an amount.
Consider now the first order conditions for Equation (3) in the case ¢; = 0. These conditions

deliver:

PstCst _ &( yi-¢
cmt om Pst

The left-hand side of this equation is the ratio of the share of services ps;Cst/(Cme + PstCst) tO
the share of manufacturing c,,;/(Cint + PstCs¢) 1IN consumption. By defining the variable
X = PstCst/Cme We can analyse how this variable changes with an increase in the relative price,

Ds¢-

= (1= (p) (4)



The above derivative is positive only when 0 < € < 1. Thus, an increase in the relative price
of services, pg;, increases the share of services relative to the share of manufacturing only if the
elasticity of substitution, &, is between zero and one, that is when goods and services are

imperfect complements. >

Figure 1: Income Elasticity of Manufacturing and Services Consumption
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Source: Moro (2015).

Copyright American Economic Association; reproduced with permission of AEJ: Macroeconomics

Consider now the case in which ¢g > 0. In this case, the solution of the model is given by:

c _ WetDseCs
mt = _1-gWs
Dst wm+1
Cor = Wi+DPstCs
St T e Wm
pst ws +p5t

Note that in the static problem given by Equation (3), w; can be also defined as the level of

income of the consumer which is spent on the two types of consumption goods. Endowed with

? The reader is referred to Ngai & Pissarides (2007) for a detailed description of this mechanism.
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this definition, we can compute the income elasticity of ¢,,; and cg; as:

_ W
fmt o Wi+DstCs (5)
Est = —ome (6)

wt—pﬁtz—’:c‘s

These are also reported in Figure 1, which uses the parametrisation in Moro (2015). There are
two things to note about equations (5) and (6). First, the income elasticity of manufacturing is
smaller than one while the income elasticity of services is larger than one. This is due to the
fact that the non-homothetic term ¢, is larger than zero. Second, the two elasticities are time-
varying and they both converge to one asymptotically. Thus, ceteris paribus, as income grows
the consumer increases the share of services and decreases that of manufacturing. However,
this process slows down over time and when income is sufficiently large, both elasticities
converge to one, and the shares of the two sectors stabilise at a constant value.”

To sum up, there are two mechanisms generating structural change in the general equilibrium
of the economy. The first emerges, which can be defined as a relative price effect from the
interaction between consumers preferences and technological change that is differential across
sectors. The second, which can be labelled as income effect, is due to the different income
elasticity of the various goods and services in the economy. The works of Boppart (2014) and
Comin et al. (2019) quantify, using different general equilibrium models, the amount of
structural transformation generated by the two effects in the US, finding that the income effect
can account for a proportion between 50% (Boppart 2014) and 75% (Comin et al. 2019), with
the price effect accounting for the remaining part.

We conclude this section by noting that structural change in the model can be measured using

one of the following three concepts: consumption shares, value added shares, or employment

* The reader is referred to Kongsamut et al. (2001) for a detailed description of this mechanism.
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shares. The income and relative price effects described above induce not only a change in the
shares of consumption in total consumption expenditure, but also an equivalent change in value
added and employment shares of the various sectors. This is a key aspect of the labour market
in the general equilibrium of the structural change model: labour is reallocated across sectors in
the same manner as consumption is reallocated across sectors. If the consumption share of
services increases, the employment share of the services sector in total employment also

. . 5
increases accordingly.

3. From the Model to the Data

The general equilibrium model of structural transformation displays rich predictions regarding
the behaviour of the economy both at the aggregate and at the sectoral level. As discussed above,
there is both a theoretical effect going from growth to structural transformation, and one going
from structural transformation to growth. However, in a multi-sector model, the concept of
aggregate output is not well defined, as there are several ways to measure such a variable. It
turns out that, depending on the way GDP is measured in the model, the effect of structural
transformation on growth can be observed or not.

A common practice in the literature, in fact, is to assume that GDP in the model is given by
aggregate output expressed in units of a numeraire good, usually chosen to be the price of the
investment good. While this practice is easy to handle, it is also misleading because it involves
comparing GDP in the data with something different from GDP in the model. Leon-Ledesma &
Moro (2019) and Duernecker et al. (2017b), are the first to show how to construct GDP in a

multi-sector model in a way that is consistent with the National Income and Production Accounts

> Note that the level of consumption shares differs from that of value added and employment shares due to the
presence of investment, which is produced in the manufacturing sector. That is, in each period the consumption
share of manufacturing is smaller than the value added and employment shares of manufacturing.
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(NIPA) methodology. The procedure involves taking the prices and quantities of each sector
which result from the general equilibrium of the model and using them to construct a chain-
weighted Fisher index for GDP. Thus, in the same way statistical agencies construct GDP in the
data by using observed prices and quantities of individual products, it is possible to construct a
model derived measure of GDP. In what follows we closely follow the appendix in Leon-
Ledesma & Moro (2019) to describe the methodology.

Consider the general equilibrium of the two-sector model of structural transformation described
in Section 2. For two periods, t and t — 1, we have the following objects: the price of services
and manufacturing in the two periods (ps¢, Pst—1> Pmt» Pmt—1) and the quantities of services
and manufacturing in the two periods (4 ¢, Gs¢—1, Gm,t> Gm,t—1)- Using these, we can construct

the Laspeyres and Paasche quantity indices as computed by NIPA:

QL _ DPmt-19mt*DPst-14st

t
Pmt-19m,t-1+Ps,t-14s,t-1

QP _ PmtmttDstqdst
¢ Pm,tdm,t—11Ds,tqs,t-1

The Fisher quantity index is then given by a weighted average of the Laspeyres and Paasche
indices

of =il (7
Note that the Laspeyres quantity index is independent of the numeraire chosen. This is because it
is a function of relative prices. To see this, divide the numerator and denominator by the same

price at t — 1 to give:

Dsit-1

L _ " Pmit—-1
S,

1

Dst—

’
)

qs t—
Pm,t— sit-1

thus implicitly choosing manufacturing as the numeraire, or:
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Pmt-1

QL _ Ps,t—1
t = Pmt-1
DPsit—1

dm,ttqs,t

qm,t-1t4st-1

implicitly choosing services as the numeraire. In a similar vein, it is possible to show that the
Paasche index is independent of the numeraire. It follows that also the Fisher quantity index,
which is a weighted average of the two indices Laspeyres and Paasche, is independent of the
numeraire. This result has a powerful implication, because the same property holds both in the
model and in the data. This means that regardless of the numeraire chosen, and even if the
numeraire is different in the data to that in the model, the chain-weighted Fisher GDP index is
comparable between data and model. This is clearly not the case for GDP expressed in units of
the numeraire in the model since as long as the relative price p,,/ps¢ varies over time, the
behaviour of aggregate output in units of manufacturing is different from that of aggregate
output in units of services.

To see the implications of appropriately measuring GDP in the model, consider Figure 2. This
reports the evolution of the production possibility frontier of the economy described in Section 2
under the assumption that technological change grows faster in manufacturing than services,
Ym > ¥s- Thus, at each point in time, given the current endowment of capital and labour, the
economy can place itself on any point of the frontier. For instance, at time t, the frontier is
identified by the two points (Yg,t, 0) and (0, ¥ 1), where Y ; is the total amount of manufacturing
that can be produced in the economy if only manufacturing is produced, and Y, is the total
amount of services that can be produced in the economy if only services is produced. Due to the
assumption that y,, > y, the frontier changes slope as time passes, since if the economy produces
only manufacturing, its total output can grow faster than if the economy produces only services.

Thus, if the economy displays structural change, transitioning from a production more intensive
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in manufacturing to one more intensive in services as time passes, the growth rate of GDP slows
down. However, this slowdown can be appreciated only if GDP is appropriately measured. As
mentioned above, a common practice is to measure GDP in the model as total output in units of
manufacturing. This amounts to measuring the growth rate of Y, ; along the x-axis in Figure 2.
To put it differently, the growth rate of Y, from ¢ to #+n is given by the Euclidean distance
between Y ; and Y, ., which is, in turn, given by the segment on the x-axis that connects the
two points. However, the growth rate of aggregate output expressed in units of manufacturing
can be very different from the actual growth rate of GDP. To see this, consider the path in Figure
2 going from GDP, in period ¢ to GDPZ,,, in period t + n. In these two cases GDP at each ¢ is an
index that combines manufacturing and services in different proportions. What is the growth rate
of this index between the two periods? By the same logic used for Y, ; and Y ., we can use the
Euclidean distance between the two points. In this case, the distance between the two points
takes into account that i) the relative price between the two goods is changing and ii) the
quantities of the two products are changing. From Figure 2, it is evident that the distance
between GDP, and GDP/, is larger than the distance between GDP, and GDPE,,. This is
because in the first case the economy transitions towards manufacturing, while in the second
case it transitions towards services. Such transition has the effect of accelerating (if towards
manufacturing) or decelerating (if towards services) GDP growth when GDP is appropriately
measured. The Fisher formula is the analogue for the data of the Euclidean distance used in the
example above. Thus, only when GDP is measured with the Fisher index does the theoretical
prediction that structural change affects growth in general equilibrium emerge. To conclude this
section, note that the reasoning made here extends to all applications that study the relationship

between structural change and aggregate GDP.
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Figure 2: Evolution of the Production Possibility Frontier and Two Possible GDP Trajectories
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Source: Leon-Ledesma & Moro (2019)
Copyright American Economic Association; reproduced with permission of AEJ:

Macroeconomics.

4. An Application of Structural Change in General Equilibrium: GDP Growth and
Volatility

Moro (2015) provides an example in which structural transformation in a general equilibrium
setting, once brought to the data with a proper NIPA methodology, can deliver rich predictions
on the behaviour of GDP. He uses a two-sector general equilibrium model of structural
transformation between manufacturing and services to show that a large fraction of the
differences in GDP growth and volatility between middle- and high-income economies can be
accounted for by structural change alone. In this section we present a simplified version of
Moro (2015) and the main quantitative results of that work. To do this, we modify the model
presented in Section 2 by dropping capital from the model. This simplification implies that the

household no longer has to solve the intertemporal problem, but only the static one in each
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period t. In turn, the only difference between two different periods is given by the
technological level, which evolves exogenously in the two sectors. Thus, the general
equilibrium over time becomes a sequence of static general equilibrium problems, one for each

period t.

4.1. Model and General Equilibrium
Technology in each sector at time ¢ is now given by:

Yie = AitNig, (8)
with i = m,s. Using this production function, firms maximise profits as in Section 2.1 by
choosing now simply the optimal amount of labour.

Using the same notation as in Section 2 for variables, the household solves, at each t:

&

1 1 _ EINe—1
maXe . co} ((‘)m/e(cmt) e + ws/e(cst +¢5) e )
subject to:
Cmt + DstCse = Wy

To fix ideas, we define the concept of general equilibrium in each period t in this model:

Definition: In this economy there exists a competitive general equilibrium in each period t
consisting of: a set of prices {ps:, Pmt = 1, W;}, allocations for the representative household
{cst) Cmer Nt }, manufacturing firm {n,,;}, and services firm {ng} such that, given prices: (a) the
allocations {cg¢, Cme, ¢} Solve the household problem; (b) the amount of labour {n,,;} solves the
manufacturing firm problem and the amount of labour {ng} solves the services firm problem;

and (c) all markets clear.
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Moro (2015) discusses that in this environment it is possible two derive two aggregate
production functions, one in manufacturing units and one in services units. These are:

Vint = AmeNe )
and

Vst = AseN, (10)
In equilibrium, total labour in the economy is N; = 1 at each t, so the difference between the two
cases is given by the aggregate TFP term, which is:

TFP,: = Anme, (11)
in the first case and

TFPg = Agt (12)
in the second. This specification is convenient because the behaviour of the production
possibility frontier (PPF) evolves along the two axes in Figure 2 and is summarised uniquely by
the evolution of technology in the two sectors: A,,; determines how the PPF moves along the
x-axis and Ag; determines how the frontier moves along the y-axis.

Consider now:

Assumption 1: Technology in manufacturing and services evolves at time t according to a

growth factor given by:

I = (1 4y )e7me (13)
Am,t-1

And
Ast — (1 +]/S)eZSt (14)
Asit—1

where Yy, > Vs, and Zy and zg, are random components with zero mean, and finite variance

and standard deviations such that sd(z,,;) > sd(zs).
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Under Assumption 1, an economy that produces only manufacturing can grow faster but is also
more volatile than an economy producing only services. This suggests that when structural
change occurs from manufacturing to services in this environment, we should observe both a

decline in the growth rate of GDP, and a decline in the volatility of GDP.

Assumption 2: ¢, = 0, wg =1 — w,, and € = 1.

Under Assumption 2, we have that the consumption index becomes ¢ = log(c,(flmcs1 _wm) and
sectors’ size relative to output is fixed and given by w,, for manufacturing and 1 — w,, for
services. Also, with no investment in the economy, consumption coincides with GDP, y = c.

We can now characterise the relationship between output growth and sectors’ size:

Proposition 1. Under assumptions 1 and 2, when the variance of Zp. and zg is zero
(deterministic growth), the GDP growth rate is given by:

Y, = On¥m + (1 —wp) s,

y

and the larger is w,,, the larger is output growth and aggregate TFP growth. A similar result

can be obtained for output volatility.
Proposition 2. Under assumptions 1 and 2, the standard deviation of GDP growth is given by:

sd(vy) = wmsd(Zme) + (1 — wp)sd(zs)

and the larger is w,y,, the larger is output volatility and aggregate TFP volatility.

20



Figure 3: Share of Services in GDP in Upper Middle-Income Countries and High-Income

Countries from 1970 to 2010

Upper Middie iIncome High Income

1970 1980 199 Vol |1 210 1970 1980 199 Vol |1 210
Source: Moro (2015) based on World Bank data.

Copyright American Economic Association; reproduced with permission of AEJ:

Macroeconomics.

Propositions 1 and 2 state that the larger the relative size of manufacturing (which displays
higher TFP growth and volatility), the higher is the growth rate and volatility of output and
aggregate TFP. Thus, we can expect that in a model in which the relative size of sectors
changes with structural transformation, this process affects GDP growth and volatility. We can
then use the model to quantitatively assess the importance of structural composition for the
observed differences in GDP growth and volatility between upper-middle and high-income
economies. To do this we drop Assumption 2 to study a model economy in which the relative
size of services endogenously increases over time as TFP grows in the two sectors. In this case,

the effect on aggregate output of TFP movements depends both on the structure of the economy
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and on the speed of structural change (which in turn depends on the parameters € and ¢y), and
the equivalent to propositions 1 and 2 cannot be derived. However, an appropriately calibrated
version of the model can provide quantitative results suggesting that the negative relationship
between both aggregate output growth and volatility and the relative size of the services sector
still holds with non-homotheticity of preferences and an elasticity of substitution between

goods in consumption different from one. We devote the next subsection to this application.

4.2. Using the Model to make Quantitative Predictions

In this subsection we describe an application in which a general equilibrium model of structural
transformation model is used to study GDP growth and volatility. The exercise was first
proposed in Moro (2015). To motivate the exercise, we begin from the empirical observation
that across countries the share of services increases with income levels. Figure 3 shows the
average (across countries) share of services between 1970 and 2010 in two groups of countries
defined by the World Bank as middle- and high-income.® Middle-income countries display in
2010 a level of the share of services similar to that of high-income countries in 1970. At the
same time, per-capita GDP growth and volatility for the 1970-2010 period is larger for the
group of middle-income countries than for the group of high-income countries. This is reported
in the second and fourth columns of Table 1, which show that growth is 42% larger and
volatility 30% larger in middle-income countries relative to high-income countries.

Given the above differences in the data, one might ask to what extent the difference in the
sectoral composition between the two groups of countries plays a role in shaping differences in
GDP growth and volatility. To answer this question, we can use the general equilibrium model

described in Section 4.1 and study how GDP growth and volatility change as the share of

% See Moro (2015) for details of the dataset used.
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services increases. We retain Assumption 1 from that section, while we drop Assumption 2.
Assumption 1 is motivated by the fact that across countries a large body of empirical evidence
suggests that TFP grows faster and is more volatile in manufacturing than in services. Thus, the
underlying assumption of the exercise is that manufacturing and services display intrinsic
differences in their technological change, both in the long- and the short-run. The intuition here
is that if TFP grows faster and is more volatile in the manufacturing sector than in the services
sector, structural change from manufacturing to services should reduce both aggregate GDP
growth and volatility. We thus measure TFP processes for manufacturing and services in the
US and use this parametrisation for our exercise.’

Next, we need to calibrate the rest of parameters of the model. While a detailed description of
the calibration is beyond the scope of this paper, we describe here the main intuition. Given
technological change, we want the model to reproduce a full transition of the share of services
from the initial value of middle-income economies in 1970 to the final value of high-income
economies in 2010. If the model economy can reproduce this entire pattern of the share of
services, we can then compare GDP growth and volatility in the first part of the transition of the
model with middle-income economies and growth and volatility in the second part of the
transition with high-income economies. To put it differently, given technological change we
want the model to generate an increase in the share of services in GDP from 0.46 (the value in
middle-income countries in 1970) to 0.69 (the value in high-income countries in 2010) in 82
periods. These 82 periods correspond to twice the number of years in the 1970-2010 period. We
then take the ratio of GDP growth and volatility generated by the model in the first 41 periods,
which correspond to middle-income countries in the data, with those generated in the last 41

periods, which correspond to high-income economies, and compare these figures with those in

" Thus, implicit in this procedure is that the US provides representative measures for all countries.
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the data.

Table 1: Calibrated model versus data of upper-middle income (UMI) and hi-income (HI)

countries
Counterfactual with US TFP processes
Average per capita GDP growth Average per capita GDP growth
rate volatility
Model Data Model Data
Upper-middle income 2.61% 2.57% 2.14% 3.82%
(Model first part)
High income 2.17% 1.81% 1.73% 2.93%
(Model second part)
Ratio UMI/HI 1.20 1.42 1.24 1.30

Source: Moro (2015).
Copyright American Economic Association; reproduced with permission of AEJ:

Macroeconomics.

The results are reported in Table 1. In the data, middle-income countries display a growth rate
of GDP which is 42% larger than high-income countries and a volatility that is 30% larger. By
comparing the first and the second part of the transition of the model, we obtain a GDP growth
rate 20% larger in the first part, and a volatility 24% larger in the second part. Thus, structural
change in the model accounts for roughly half of the difference in GDP growth and 80% of
volatility differences between middle- and high-income countries.

To conclude, we note that the results reported in Table 1 would be completely washed out were
GDP to be measured in units of a numeraire good. This can easily be seen in the simplified
model of Section 4.1. In this case, GDP measured in units of manufacturing (i.e. the numeraire)
is given by:

Vit = AmeNt
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and with total labour in the economy always equal to n, = 1, we have that GDP growth is always given
by:
Am

= (1 + yp)emt
Amt-1

regardless of the dimension of the share of services. Thus, measuring GDP in units of a
numeraire good does not allow the model to display the property that structural transformation

affects GDP.

5. Conclusions

In this paper we revised the main mechanisms driving structural change in general equilibrium.
Structural change is generated either by an interaction between heterogeneous technological
change at the sector level and consumer preferences, or by a non-homothetic component in the
utility function. We then discussed how the outcome of a general equilibrium model should be
compared to the data. The way GDP is constructed from the general equilibrium becomes key
in the interpretation of the results, and so becomes an important part of the theory. We
concluded the paper by reporting an application of a general equilibrium theory of structural
change to GDP growth and volatility and showed that structural transformation can account for

a large fraction of changes in GDP growth and volatility along the growth path.

26



References

Boppart, T 2014, Structural change and the Kaldor facts in a growth model with relative price
effects and non-Gorman preferences, Econometrica, 82(6), 2167-2196.

Buera, FJ & Kaboski, JP 2012, The rise of the service economy, American Economic Review,
102(6), 2540-2569.

Carvalho, VM & Gabaix, X 2013, The great diversification and its undoing, American Economic
Review 103 (5), 1697-1727.

Cerina, F, Moro, A & Rendall, M 2017, The role of gender in employment polarization, Centre
for Macroeconomics Discussion Papers no. CFM-DP2017-04, London School of
Economics.

Comin, DA, Lashkari, D & Mestieri, M (2019), Structural change with long-run income and
price effects, mimeo.

Duarte, M & Restuccia, D 2010, The role of the structural transformation in aggregate
productivity, Quarterly Journal of Economics, 125(1), 129—-173.

Duernecker, G, Herrendorf, B & Valentinyi, A 2017a, Structural change within the service sector
and the future of Baumol’s disease, Centre for Economic Policy Research Discussion
Papers no. 12467, Centre for Economic Policy Research.

Duernecker, G, Herrendorf, B & Valentinyi, A 2017b, Quantity Measurement and Balanced
Growth in Multi-Sector Growth Models, Centre for Economic Policy Research
Discussion Papers no. DP12300, Centre for Economic Policy Research.

Galesi, A & Rachedi, O 2019, Services deepening and the transmission of monetary policy,
Journal of the European Economic Association, 17(4), 1261-1293.

Herrendorf, B & Valentinyi, A 2012, Which sectors make poor countries so unproductive?,

27



Journal of the European Economic Association, 10(2), 323-341.

Herrendorf, B, Rogerson, R & Valentinyi, A 2014, Growth and structural change, in P Aghion
and SN Durlauf (eds.), Handbook of Economic Growth Vol. 2, Elsevier, Amsterdam, pp.
855-941.

Kehoe, TJ & Ruhl, KJ 2013, How important is the new goods margin in international trade?,
Journal of Political Economy, 121(2), 358-392.

Kongsamut, P, Rebelo, S & Xie, D 2001, Beyond balanced growth, Review of Economic Studies,
68(4), 869-882.

Leon-Ledesma, M & Moro, A 2019, The rise of services and balanced growth in theory and data,
American Economic Journal: Macroeconomics, 9(3), 116—146, forthcoming.

Moro, A 2012, The structural transformation between manufacturing and services and the
decline in the US GDP volatility, Review of Economic Dynamics, 15(3), 402—415.

Moro, A 2015, Structural change, growth, and volatility, American Economic Journal:
Macroeconomics, 7(3), 259-294.

Moro, A, Moslehi, S & Tanaka, S 2017, Does home production drive structural transformation?,
American Economic Journal: Macroeconomics, 9(3), 116—146.

Ngai, LR & Petrongolo, B 2017, Gender gaps and the rise of the service economy, American
Economic Journal: Macroeconomics, 9(4), 1-44.

Ngai, LR & Pissarides, CA 2007, Structural change in a multisector model of growth, American
Economic Review, 97(1), 429-443.

Ngai, LR & Pissarides, CA 2008, Trends in hours and economic growth, Review of Economic

Dynamics, 11(2), 239-256.

28



2019-01 From ‘"destructive creation" to ‘creative destruction": Rethinking Science,
Technology and innovation in a global context by Luc Soete

2019-02 Do young innovative companies create more jobs? Evidence from Pakistani textile
firms by Wagar Wadho, Micheline Goedhuys and Azam Chaudhry

2019-03 What gains and distributional implications result from trade liberalization? by
Maria Bas and Caroline Paunov

2019-04 FDI, multinationals and structural change in developing countries by André Pineli,
Rajneesh Narula and Rene Belderbos

2019-05 The race against the robots and the fallacy of the giant cheesecake: Immediate and
imagined impacts of artificial intelligence Wim Naudé

2019-06 The middle-technology trap: The case of the automotive industry in Turkey by
Ibrahim Semih Akgomak and Serkan Biirken

2019-07 The impact of a mathematics computer-assisted learning platform on students’
mathematics test scores by Marcelo Perera and Diego Aboal

2019-08 Health insurance and self-employment transitions in Vietnam by Nga Le, Wim
Groot, Sonila M. Tomini and Florian Tomini

2019-09 Knowledge economy and economic development in the Arab region by Samia
Mohamed Nour

2019-10 Migration of higher education students from the North Africa region by Samia
Mohamed Nour

2019-11Job automation risk, economic structure and trade: a European perspective by Neil
Foster-McGregor, Onder Nomaler an Bart Verspagen

2019-12The breadth of preferential trade agreements and the margins of exports by Rod
Falvey and Neil Foster-McGregor

2019-13 What a firm produces matters: diversification, coherence and performance of
Indian manufacturing firms by Giovanni Dosi, Nanditha Mathew and Emanuele
Pugliese

2019-14 Brazilian exporters and the rise of Global Value Chains: an empirical assessment
by Caio Torres Mazzi

2019-15How has globalisation affected the economic growth, structural change and
poverty reduction linkages? Insights from international comparisons by Aradhna
Aggarwal

2019-16 R&D, innovation and productivity by Pierre Mohnen

2019-17 Domestic intellectual property rights protection and exports: Accessing the credit
channel by Gideon Ndubuisi

2019-18 The role of early-career university prestige stratification on the future academic
performance of scholars by Mario Gonzalez-Sauri and Giulia Rossello

2019-19 The employment impact of product innovations in sub-Saharan Africa: Firm-level
evidence by Elvis Korku Avenyo, Maty Konte and Pierre Mohnen

2019-20 Embodied and disembodied technological change: the sectoral patterns of job-
creation and job-destruction by G. Dosi, M. Piva, M. E. Virgillito and M. Vivarelli

2019-21 Can we have growth when population is stagnant? Testing linear growth rate
formulas and their cross-unit cointegration of non-scale endogenous growth
models by Thomas H.W. Ziesemer



2019-22 Technical progress and structural change: a long-term view by Alessandro Nuvolari
and Emanuele Russo

2019-23 No evidence of an oil curse: Natural resource abundance, capital formation and
productivity by Mueid al Raee, Denis Crombrughe and Jo Ritzen

2019-24 Far from random? The role of homophily in student supervision by Giulia Rossello
and Robin Cowan

2019-25Semi-endogenous growth models with domestic and foreign private and public
R&D linked to VECMSs by Thomas H. W. Ziesemer

2019-26 Characterizing growth instability: new evidence on unit roots and structural breaks
in long run time series by Emanuele Russo, Neil Foster-McGregor and Bart
Verspagen

2019-27 Measuring attitudes on gender equality and domestic violence in the Arab context:
The role of framing, priming and interviewer effects by Ann-Kristin Reitmann,
Micheline Goedhuys, Michael Grimm and Eleonora E. M. Nillesen

2019-28 Imported intermediates, technological capabilities and exports: Evidence from
Brazilian firm-level data by Caio Torres Mazzi and Neil Foster-McGregor

2019-29Japan’'s productivity and GDP growth: The role of GBAORD, public and foreign R&D
by Thomas Ziesemer

2019-30 The decline in entrepreneurship in the West: Is complexity ossifying the economy?
by Wim Naudé

2019-31 Modern industrial policy in Latin America: Lessons from cluster development
policies by Carlo Pietrobelli

2019-32 Testing the employment and skill impact of new technologies: A survey and some
methodological issues by Laura Barbieri, Chiara Mussida, Mariacristina Piva and
Marco Vivarelli

2019-33 The Potential for innovation in mining value chains. Evidence from Latin America
by Michiko lizuka, Carlo Pietrobelli and Fernando Vargas

2019-34 Enforcing higher labour standards within developing country value chains:
Consequences for MNEs and informal actors in a dual economy by Rajneesh Narula

2019-35A comment on the multifaceted relationship between multinational enterprises
and within-country inequality by Rajneesh Narula and Khadija van der Straaten

2019-36 The effects of R&D subsidies and publicly performed R&D on business R&D: A
survey by Thomas H.W. Ziesemer

2019-37 Does it pay to do novel science? The selectivity patterns in science funding by
Charles Ayoubi, Michele Pezzoni and Fabiana Visentin

2019-38 Regulation and innovation under Industry 4.0: Case of medical/healthcare robot,
HAL by Cyberdyne by Michiko lizuka and Yoko lkeda

2019-39 The future of work and its implications for social protection and the welfare state
by Franziska Gassmann and Bruno Martorano

2019-40 Return, circular, and onward migration decisions in a knowledge society by Amelie
F. Constant

2019-41 Mining and quality of public services: The role of local governance and
decentralisation by Maty Konte and Rose Camille Vincent

2019-42 Corruption and tax morale in Africa by Amadou Boly, Maty Konte and Abebe
Shimeles

2019-43 Remittances and Bribery in Africa by Maty Konte and Gideon Ndubuisi



2019-44 Women's Political and Reproductive Health Empowerment in Africa: A literature
review by Maty Konte, Victor Osei Kwadwo and Tatenda Zinyemba

2019-45 The effect of public funding on scientific performance: A comparison between
China and the EU by Lili Wang, Xianwen Wang, Fredrik Niclas Piro and Niels J.
Philipsen

2019-46 Credit constraints and trade performance: Does trust-based social capital matter?
By Gideon Ndubuisi and Maty Konte

2019-47 The impact of mission-oriented R&D on domestic and foreign private and public
R&D, total factor productivity and GDP by Thomas H.W. Ziesemer

2019-48 Confronting the challenge of immigrant and refugee student underachievement:
Policies and practices from Canada, New Zealand and the European Union by Ozge
Bilgili, Louis Volante, Don A. Klinger and Melissa Siegel

2019-49 Structural transformation in general equilibrium by Alessio Moro and Carlo Valdes



