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Introduction

Motivation

The aggregate production function (APF) approach to TFP analysis is subject to the
strict assumption that for all industries “value-added functions exist and are
identical across industries up to a scalar multiple” and “the aggregation of
heterogeneous types of capital and labor must receive the same price in each
industry” (Jorgenson, Ho and Stiroh 2005).

Markets are imperfect in Latin America for many reasons such as monopolistic or
oligopolistic structures, heavy government interventions and other institutional
problems and therefore the APF is inappropriate for a growth accounting exercise
of the Latin American economy.

This article uses the approach applied in Wu (2015) for the Chinese economy.
Following Jorgenson, Ho and Stiroh (2005a), Wu adopts Jorgenson’s aggregate
production possibility frontier (APPF) framework that incorporates Domar weights
to account for contributions of individual industries to the growth of aggregate
inputs and output as well as the growth of aggregate total factor productivity
(TFP). The aggregate production possibility frontier (APPF) approach in growth
accounting was first developed by Jorgenson (1966).



Introduction

This approach relaxes most of the restrictive assumptions of popularly used
aggregate production function (APF) in growth accounting that all industries are
homogenous, subject to the same value added function and facing the same input
and output prices. It has been recently used in Jorgenson and Stiroh (2000),
Jorgenson (2001) and Jorgenson, Ho and Stiroh (2005b) to quantify the role of
information technology (IT)-producing and IT-using industries in the US economy.
Jorgenson, Gollop and Fraumeni (1987) introduced Domar weights to the APPF
framework to exercise direct aggregation across industries to account for the role
of American industries in the changes of aggregate inputs.

A consequence of the Domar-aggregation is that the weights do not sum to unity,
implying that aggregate productivity growth amounts to more (less) than the
weighted average of industry-level productivity growth. This reflects the fact that
productivity change in the production of intermediate inputs do not only have an
“own” effect but in addition they lead to reduced or increased prices in
downstream industries, and that effect accumulates through vertical links.



There are two realities in Latin America, North and South.
Distinct productive structures and distinct evolutions
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Data set-up

Observations of the aggregate economy:

The performance of the real growth (Y), did not proportionally match the
growth of the net capital stock. An increasingly faster capital stock growth was
required to maintain the same rate of output growth in Chile and Colombia.

In terms of capital deepening of Chile and Colombia’s labor productivity
growth has become increasingly “costly”, especially post 2008.

Mexico experienced balanced growth between investment and output.

We show how changes in labor productivity (Y/L) responded to changes in
capital deepening (K/L) overtime. It confirm our earlier observations from a
different perspective. That is, an increase in K/L did not necessarily bring out
the same increase in Y/L as indicated by a 45-degree diagonal. Sometimes, an
increase in capital stock per worker could be accompanied by a much slower
growth or even a decline in output per worker.

Primera derivada de K>0e Y >0
Segunda derivada de K>0 e Y<O



Chile
K/ L is always greaterthan Y / L
There is no balanced growth either in the short term
or in the long term

Chile: annualized growth rate of gross value-add, hours worked, net capital stock, labor
productivity, capital deepening and capital-output ratio

Value Net capital Hours YL KL K/Y
added (Y) stock (K)  worked (H)
1991-1998 6.5% 7.2% 2.2% 4.4% 5.8% 1.4%
1999-2002 2.4% 5.3% 0.7% 1.8% 4.7% 3.0%
2003-2008 4.0% 7.1% 1.6% 2.4% 5.7% 3.3%
2009-2012 3.8% 7.4% 2.8% 1.1% 4.8% 3.6%

1991-2012 4.6% 6.9% 1.8% 2.7% 5.4% 2.7%




Colombia

K /L is always greaterthan Y /L
There is no balanced growth either in the short term or in the long term

Value Net capital Hours

added (Y) stock (K)  worked (H) Y/L KL K/Y
1991-1998 3.7% 6.4% 2.8% 1.9% 4.4% 2.5%
1999-2002 0.2% 2.9% 2.5% -4.0% -0.6% 3.5%
2003-2008 4.9% 7.2% -0.8% 6.2% 7.7% 1.5%
2009-2010 2.7% 9.1% 6.5% -0.9% 6.6% 7.5%

1991-2010 3.3% 6.2% 2.0% 1.7% 4.6% 2.9%




Mexico
Long term balance

Mexico: annualized growth rate of gross value-add, hours worked, net capital stock, labor
productivity, capital deepening and capital-output ratio

Value Net capital Hours
added (Y) stock (K)  worked (H) Y/L KL K/Y
1991-1998 3.7% 2.8% 2.3% 1.5% 0.7% -0.8%
1999-2002 1.8% 2.9% 0.7% 0.9% 1.1% 0.2%
2003-2008 3.3% 2.8% 2.9% 0.7% 0.3% -0.4%
2009-2015 2.0% 2.4% 0.8% 1.0% 1.7% 0.7%

1991-2015 2.8% 2.7% 1.8% 1.1% 1.0% -0.1%
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Mexico
There is a balance between labor productivity and K/ L

Mexico: changes in labor productivity versus capital deepening
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Results

Observations by industry group:
In the three countries the agricultural sector Y/ L> K/ L.
Chile always Y / L> K/ L (less agriculture and mining until 2005).

Mexico, manufacture shows intensification in K/ L Financial services shows
intensification Y / L

Chile, manufacturing, transport and communications, energy, gas and water
and mining shows intensification K / L



indices of labor productivity and capital

Mexico

deepening by industry group

Construction

Energy

A S S R A i

Mining

Agriculture

P o= i

1] e

180 +-

A e R ST SR

40 ot () SRR SRR

TR

100 -

60

=
b=

60

roc
TTroz
oroz
6007
8007
£00¢
200¢
so007
roozT
€007
ooz
TooZ
oooz
666T
866T
66T
9661
S6610
66T
€66T
66T
T66T

roe
Troz
oroz
6007
2007
4007
900C
s007
rooz
€007
ooz
Tooz
oooz
666T
866T
L66T
966T
S66T
vreetr
€66T
661
T66T

zroz
rtroz
otroz
6007
8007
£00¢
9007
s007
ooz
€007
zoo0c
Tooz
0ooz
666T
8661
L66T
9661
S66T
66T
€66T
66T
T66T

Zroz
rroez
oroz
600¢
8007
£00T
9007
s00C
rooz
€007
7007
ToO0?
000T
6661
8661
66T
92661
S66T
66T
€66T
7661
66T

—¥L =KL

—L—KL

e | B 1

L =—KfL

Financial services

Transport

Comerce

Manufactury

0 -

180 -

=
=
=

TR

|
|
|
|

Fairs
rroe
otoz
6002
8007
£00T
2002
S007
rooz
€002
z007
T007

| oooz

60 ———r———1—1—1=1

666T
8661
£L66T
966T
S66T
r66T
€66T
7661
L66T

roc
Troz
oToz
6007
8007
L0072
2007
S002
vooz
€007
o007
Tooz
0o0oz
666T
866T
L66T
966T
S66T
reetr
€661
661
66T

roec
TTroz
otozc
6007
8007
L0072
2002
Ss00¢
rooz
€007
7007
TooZ
oooz
666T
866T
£L66T
966T
G661
r66tr
€66L
66T
T66T

Zroz
rroz
oroz
600¢
8007
£00T
9007
s00C
rooz
€007
zoo0z
TooZ
0ooz
666T
866T
66T
966T
S66T
66T
€66T
66T
T66T

Y] =—KjL

Yl =—KjL

=L =KL

=¥/l =KL

13



Energy

700
600
500
400

Manufactury

700
600
500
400

ining

700 4
600
500
400

indices of labor productivity and capital
deepening by industry group

Agriculture

Chile

700
600 -
500 ——-
a0 -

z10Z ! ztroz
1102 ] 1T0Z
otoe | otoz
600z 6002
5002 8007
£o00e £00%
200 200¢
sooz @ s007
w00z =] ooz
o0z = = €00
zooz _ Y zooz
To0e —_— T002
[slsls m lm 000¢
666T _ = 666T
B66T = 8661
66T i 66T
266T 66T
S66T S66T
vE6T ve6T
£66T £66T
z66T 66T
Te6T T66T
= B8 E8&8&8E&8E8°
c1To¢ cToe
1102 1102
otoz otoz
6007 6002
5002 8002
£00¢e £00€
2007 200z
s00e 5002
rooe rooe
g00z = += €007
zooz _ [=] zooz
To0E 2 T00Z
oooz = m 0007
666T _ R 666T
s66T 8661
66T 66T
2661 2661
S66T S66T
re6T vre6T
£66T | £66T
Z66T ; Z266T
Te6T . T66T
= sEggssggs8 -
zTo0Z ztoe
107 tTOE
otoz atoz
6007 6007
2007 800¢
Looe ro00z
900¢ 2007
s00z so00e
v00E rooe
o0 = @ €007
zooz _ o zooe
tooz =] Tooz
ocooe = m aooz
666T _ o 666T
866T 8661
66T 66T
966T 966T
S66T S66T
ve6T ©66T
E66T £66T
z66T 66T
| 1661 T66T
;

288 - Eggs888-°
eToZ 10T
tT0E TTOE
otoz otoz
6002 6002
800¢ 800%
r007 00z
aooe 2002
500¢ 500€
+007 = rooz
£o0z = K=} €002
zooe _ k= zooe
rooz = TO0Z
oooz = - [sleloka
666T _ = 666T
266T m 866T
66T £66T
966T 2661
S66T , S66T
+66T v66T
£66T E66T
66T 66T

! 66T | R R N . T66T

e R e

=285 = =Es2ss8s888g°

[ £ = 2 8 3 5 8 8 =

14

—1fL =KL

—l —kL

—l kL

—rL =KL



indices of labor productivity and

capital deepening by industry group
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Mexico: changes in labor productivity versus
capital deepening by industry group
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Chile: changes in labor productivity versus

capital deepening by industry group
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Colombia: changes in labor productivity versus
capital deepening by industry group
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NAFTA could explain breakdown of energy, gas and
water sectorin 1994

Mexico: total factor productivity index by industry group
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Chile: up to 2003 two sectors improve their TFP,

agriculture and manufacturing

Chile: total factor productivity index by industry group
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Colombia: PTF falls in all sectors of activity
except agriculture

Colombia: total factor productivity index by industry group

200

180 -
160 -
140 +
120 +

100 + &0

80 -
60 -
40

20
0]

HHHHH

Total

= Agriculture
e M INING

—Fnergy

Constr
= Manuf
Comerce
Transport

Financial service

21



Comparisons

The next tables presents two important comparisons:

— Compare the real output growth rates estimated by APF
(Aggregate Production Function) and Aggregate Production
Possibility Frontier (APPF), wich can help identify the
reallocation of value added across industries.

— Compare the agregate TFP growth rates estimated by APPF with
those obtained by the direct aggregation across industries using
Domar weights. This can help identify the TFP effect of capital
and labor reallocation across industries. The reallocation terms
qguantify the impact of these restrictions and show to what
extent their violations distort our view of aggregate economic
growth and its sources.



Comparisons

We can see that the reallocation of value-added annual growth rate
of Colombia and México is negative for the full period. Obtained by
subtracting the APF from the APPF. There are however substantial
variations over sub-periods. In Chile the value-added reallocation
term is positive, it suggests that industries with relatively larger
real-term shares would also have more rapid real value-added
growth. This would usually be the case when prices were falling. If
the value-added reallocation term is negative, suggesting that
irrational resource moves happened that to some extent ignored
underlying market incentives.



Comparisons

In the second panel of table, we compare TFP growth estimated by
the APPF approach with that estimated using Domar weights. In the
three countries, the TFP estimated without Domar weights is bigger
than the TFP estimated with Domar. The much slower Domar-
weighted TFP growth across industries indicates that there was
accumulated inefficiency in the economy.
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Chile: TFP and reallocation
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Colombia: TFP and reallocation
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Mexico: aggregate reallocation effects

1991-1998 1999-2008 2009-2015 1991-2015
Aggregate Production Possibility Frontier (APPF) vs Aggregate Production Function (APF)

Value-added Growth (APPF) 3.73% 2.70% 2.01% 2.84%
Value-added Growth (APF) 3.96% 2.94% 2.01% 3.01%
Reallocation of Value-added -0.23% -0.24% -0.01% -0.17%
Aggregate Production Possibility Frontier (APPF) vs Direct Domar Aggregation Across Industries

Agregate TFP Growth (APPF) 2.46% 1.26% 0.90% 1.54%
Domar- weighted TFP 0.81% -0.62% -0.25% -0.06%
Agriculture 0.04% 0.05% 0.10% 0.06%

Mining 0.10% -0.25% -0.17% -0.12%

Manufactury 0.12% -0.31% -0.25% -0.16%

Energy -0.03% 0.07% 0.07% 0.04%

Constr -0.11% -0.12% 0.33% 0.01%

Comerce 0.34% -0.47% 0.34% 0.02%

Transport 0.04% 0.02% -0.34% -0.08%

Financial service 0.22% 0.49% -0.31% 0.18%

General service 0.09% -0.10% -0.03% -0.02%

Reallocation of Capital Input 1.39% 1.56% 1.09% 1.37%

Reallocation of Labor Input 0.26% 0.33% 0.07% 0.23%




Chile: aggregate reallocation effects

1996-2002 2003-2008 2009-2012 1996-2012
Aggregate Production Possibility Frontier (APPF) vs Aggregate Production Function (APF)

Value-added Growth (APPF) 3.83% 3.95% 3.84% 3.88%
Value-added Growth (APF) 3.58% 4.11% 3.73% 3.80%
Reallocation of Value-added 0.25% -0.16% 0.12% 0.08%
Aggregate Production Possibility Frontier (APPF) vs Direct Domar Aggregation Across Industries

Agregate TFP Growth (APPF) 1.40% 1.36% 0.60% 1.14%
Domar- weighted TFP -0.57% -1.68% -2.63% -1.50%
Agriculture 0.17% 0.15% -0.04% 0.11%

Mining -0.07% -1.30% -2.45% -1.13%

Manufactury -0.11% -0.05% -0.19% -0.11%

Energy -0.03% -0.31% 0.05% -0.12%

Constr 0.18% -0.06% -0.26% -0.02%

Comerce -0.40% 0.36% -0.22% -0.07%

Transport -0.11% -0.51% -0.11% -0.26%

Financial service -0.27% -0.05% 0.59% 0.03%

General service 0.07% 0.10% 0.01% 0.07%

Reallocation of Capital Input 1.58% 2.53% 2.68% 2.17%

Reallocation of Labor Input 0.39% 0.51% 0.56% 0.47%




Colombia: aggregate reallocation effects

1992-1998 1999-2010 1992-2010
Aggregate Production Possibility Frontier (APPF) vs Aggregate Production Function (APF)
Value-added Growth (APPF) 3.81% 2.96% 3.27%
Value-added Growth (APF) 3.98% 3.09% 3.42%
Reallocation of Value-added -0.17% -0.13% -0.15%
Aggregate Production Possibility Frontier (APPF) vs Direct Domar Aggregation Across Industries

Agregate TFP Growth (APPF) 2.10% 1.05% 1.44%
Domar- weighted TFP -0.40% -0.65% -0.56%
Agriculture 0.12% 0.29% 0.23%

Mining 0.17% -0.13% -0.02%

Manufactury -0.30% 0.02% -0.10%

Energy -0.03% -0.01% -0.02%

Constr -0.28% 0.01% -0.10%

Comerce 0.10% -0.33% -0.17%

Transport -0.04% -0.11% -0.08%

Financial service -1.20% -0.89% -1.00%

General service 1.05% 0.51% 0.70%

Reallocation of Capital Input 1.47% 1.25% 1.33%

Reallocation of Labor Input 1.03% 0.45% 0.66%




