Kaldor Facts & Kuznets Facts

» Kaldor Facts

1. ¥ grows at a sustained rate

2. K grows at a sustained rate
(1) + (2) = % is roughly stable.

3. r=1i—mis stable

4. The capital and labor shares of national income are stable
(roughly % and %)

5. Y per capita grows at a stable rate

» Kuznets Facts: As economies grow, the shares of
income/consumption in services grow, in agriculture shrink,

and in manufacturing are roughly constant (grow and then
shrink).



Labor Share of Income

.66 .69
|

Labor Share

.63
|

©

T T T T T T T T T
1930 1940 1950 1960 1970 1980 1990 2000 2010
Year



Labor Share of Income

.66 .69
|

Labor Share

.63
|

©

T T T T T T T T T
1930 1940 1950 1960 1970 1980 1990 2000 2010
Year



Labor Share of Income

.66 .69
|

Labor Share

.63
|

©

T T T T T T T T T
1930 1940 1950 1960 1970 1980 1990 2000 2010
Year
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Real Return of S&P 500

Period Return

1930-1950 4.8%
1950-1970  9.2%
1970-1990 4.7%
1990-2010 6.2%




Kuznets Facts for the US
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Agriculture Value Added Share of GDP
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Manufacturing Value Added Share of GDP
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Services Value Added Share of GDP
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Note: We'll go over the following papers on the board

» Kongsamut, Rebelo, Xie (2001), "Beyond Balanced Growth"

» Ngai and Pissarides (2007), "Structural Change in a
Multisector Model of Growth"



Notes on Herrendorf et al. (2013):
"Two Perspectives on Preferences
and Structural Transformation"



Review: two views of structural transformation

» Facts:

» Agriculture shrinks, manufacturing first grows and then
shrinks, services grow.

» These shifts are more pronounced in nominal rather than real
terms.

» Ngai and Pissarides

» Differential growth rates in sectors’ productivity.

» Nonunitary elasticity of substitution across goods.

> Low-growth sector (services) has larger relative prices; draws
more resources into the economy.

» Kongsamut et al.

» ldentical productivity growths.

> Nonunitary income elasticity for different goods.

» Agriculture has subunitary elasticity of substitution; services
has income elasticity > 1.

> In these papers, there was little distinction between
commodities and the industries that produced them.



Contribution of Herrendorf, Rogerson, and Valentinyi

» Construct and estimate a model that nests Ngai and
Pissarides and Kongsamut et al.

» Show that the attribution of transformation to income/price
effects depends on how we view what consumers value:
1. "Final Consumption Expenditures": u(c,, cm, Cs)

> ¢,: food and beverages purchases or off-premises consumption
> Cm: goods, excluding food and beverages...
> 5@ services; government consumption expenditure

2. "Consumption Value Added": u(c,, cm, Cs)

> c,: farms; forestry, fishing
> Cp: construction; manufacturing; mining
> ¢ all other industries

» Provide a link between the two perspectives.



Outline

1. Model
2. Data

3. Estimation using the "Final Consumption Expenditures"
perspective

4. Estimation using the "Consumption Value Added" perspective

5. Linking the two perspectives.



Model (1)

Consider the problem of a consumer who is trying to maximize:

o

o—1
1 o1
U(Cata Cmt, Cst) = Z W,'U (Cit + Ci) 4
ie{a,m,s}
subject to Z picCir = G
ie{a,m,s}
Note:
» If ¢, = 0 = Preferences as in Ngai and Pissarides.

» If o =1 and ¢, = 0 = Preferences as in Kongsamut et al.

\4

Nothing about the technology side of the economy is explicitly
specified.

v

Intertemporal decisions play little/no role.



Model (2)

» Solving the static problem from the previous slide:

= l1—0o
PmtCmt _ PmtCm WmPmt P/tCI
G G ¥ e (1T 2
t t ie{a,m,s} WiPit ie{a,m,s}
(1
= l—-0o
PstCst  PstCs Ws Pst P/tC/
C - C + Z o 1—0c 1+ Z
t t ie{a,m,s} WiPijt ie{a,m,s}
(2

» The equation for p,¢cat/C; is redundant.
» Taking the model to the data

> Parameters: w,, wy, 0, C,,Cs
> Data: Tlme series ON PmtCmt, PstCsts Pats Pmt and Pst
» Fit Equations (1) and (2) as best as possible.



Data Sources

» Consumption Final Expenditure Data (pf,cf, and pf,)

> National Income Product Accounts: Values and Quantity
Indices (see http://www.econstats.com/nipa/)

» Consumption Value Added Data:

» Bureau of Economic Analysis Industry Accounts: Value Added
and Quantity Indices by Industry.
> Need to subtract off investment from the production value
added data. (Investment goods produced by all industries, not
just manufacturing)
> In previous papers cm + k — 8k = m. But, after 2002
k— 0k > m!
» BEA: 2002 Table of service shares for different types of
investment goods.

» Bureau of Economic Analayis Input-Output Tables: (Useful in
Linking FE and VA perspectives.)



Final Expenditures Data

Price Indices

Services |

. Agriculture

Manufacturing

Quantity Indices
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Quantity goes up most for manufacturing, least for food.

Prices goes up most for services, least for manufacturing.



Estimating Final Consumption Expenditure Preferences

(1) (2) (3)
o 0.85 1 0.89
o -1350  -1316
Cs 11237 19748
Wa 0.02 0.02 0.11
W 0.17 0.15 0.24
Ws 0.81 0.84 0.65
X*(¢; =0,6 =0) 3867 4065
AIC -932.55 -931.35 -666.03

Note: AIC=2k —2log L



Income effects are important in fitting expenditure share

data
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Fit of estimated model, ¢,=¢,=0
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» {6,w,wmws} = {0.89,0.11,0.24,0.65}



Value Added Data

Price Indices Quantity Indices
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» Correlation between prices indices and quantity indices is
much stronger in the value added data (89%) than in the final
expenditure data (48%).



Estimating Value Added Preferences

O @ @
o 0.00 0 0
o -138.7 -138.9

& 4261.8 4268.1

Wa 0.002 0.002 0.01
W 015 015 0.18
Ws 085 085 081
X?(¢;=0,6=0) 1424 216

AIC -837.3 -875.4 -739.4




Income and price effects are both important in fitting the

value added data

Prices Fixed at 1947 Values

Agiiculture

s
08
o7

02 - Manufacturing

Income Fixed at 1947 Values

w

Agriculture

ol L N n T T T T T
1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2

Nonhomotheticity terms:

010

1947 2010

PaEa/C
psCs/C

-0.08
0.34

-0.01
0.12

L ' L n T T T T
1050 1955 1060 1065 1070 1075 1980 1985 1000 1995 2000 2005 2010



Why are the C,, ¢s terms less important?

» Consumption over Commodities’ Final Expenditure

» Food from supermarkets is an agricultural commodity (¢, < 0)
» Meals from restaurants is a service (¢; > 0)

» Consumption over Industries’ Value Added

» Both food from supermarkets and food from restaurants are
produced by the agriculture industry; ¢, & ¢ balance out.



Linking the two approaches: theory

» Assume that final added consumption is a CES aggregate of
value added from the three sectors:

1 .
C,'); = Z (Ait¢j—>i)ni (C_/y—>i7t) i

j€{a,m,s}

» Cost minimization of the "final expenditure bundler" implies

that:
& ( Y 1-m;
T plfcifi-‘ (3)
Zke{a,m,s} ¢k—>i (pk)
» Taking the model to the data

v Vv _
PiCit=

» Parameters: n;, ¢j—i; i,j € {a, m,s}.
» Fit Equation (3) as best as possible, separately for each
i€{a,m,s}.



Linking the two perspectives: data

How are the p;c/_,; ; constructed?

» Bureau of Economic Analysis "Total Requirements" Tables

» For firms producing commodity j, what is the total value of
purchases from industry i?

» What is, p/c’, the value added of firms within industry i?

» What is, pjfcjf, the value of final consumption of commodities

j?

» Define T:: = purchases of commodity j for firms producing in i
i =

value added in i + total purchases of firms in i

> ji element of (/ — T)™!: number of dollars of value added in

industry j for producing a dollar of final expenditure of
commodity i. Note (/| = T) ' =1+ T+ T2+ T3 +...

» Using this definition:

Pl = (1= T)") plef



An example from the data
How are the p;c,; . constructed? BEA "Total Requirements" Tables, from 1963

Agric. 17818 0 326 1112 25641 259 3410
Min'g 128 1138 737 3686 10949 46 2914
Const. 567 416 25 588 814 1556 10906
Durab. 795 1081 27329 97129 8018 3160 6299
N-Dur 6851 588 4234 11582 69029 6683 17745
Trans. 2795 876 9789 11605 12615 7278 11526
Serv. 4774 3529 5814 14041 15974 26717 60931
VA 22702 11050 37022 95905 75063 112320 233569

10
Table:

Agric. 150 002 004 004 026 002 0.04
Min'g 002 1.07 003 004 008 001 0.02
Const. 0.02 0.03 101 001 002 002 0.04
(I-T)'=Durab. 008 018 057 171 0.13 0.06 0.7
N-Dur 029 008 014 015 152 009 0.11
Trans. 011 007 017 011 012 1.07 0.06
Serv. . 021 026 018 017 021 023 1.25



An example from the data
How are the p;c/_,; . constructed? BEA "Total Requirements" Tables, from 1963:

Agric.
Min'g
Const.

(I-T) "= Durab.

N-Dur
Trans.
Serv.

1.50
0.02
0.02
0.08
0.29
0.11
0.21

0.02
1.07
0.03
0.18
0.08
0.07
0.26

0.04
0.03
1.01
0.57
0.14
0.17
0.18

0.04
0.04
0.01
171
0.15
0.11
0.17

0.26
0.08
0.02
0.13
1.52
0.12
0.21

0.02
0.01
0.02
0.06
0.09
1.07
0.23

In 1963, each dollar of final expenditures in agriculture generates
0.21 dollars of value added in services, 0.11 in transport.

Since P 1063Ch 1063 = $348 per capita,

we have that p¢_ ,c{  , = $348-(0.21 4+ 0.11) = $111

0.04
0.02
0.04
0.07
0.11
0.06
1.25



Estimates of the production commodities
Reminder:

1—n;
_ Oji (ply) Ff

v vV
PjCiit= 1—y; Pi Cit
Zke{a,m,s} Pr—i (PX) I

Food Goods Services
n; 0.19*  0.00 0.00
¢a,;i 0.05% 0.02* 0.01*
om_i 0.33*% 0.36* 0.09*
os—i 0.62%  0.62* 0.90*

» Except for agriculture, production of final expenditures is
Leontief.

» Services are an important input in all commodities.

» Agriculture is relatively unimportant in the production of the
three commodities.



Linking 7, oV and oP

Two alternative chains of substitution

» ¢": elasticity of substitution between products produced in
the service vs. manufacturing sectors
» of: elasticity of substitution between goods and services

» 7' elasticity of substitution, across different industries’ value
added, when making final expenditure commodity i

» From Oberfield and Raval:

o’ ~xo' 4+ (1—x)1,

where x =index of cross-industry heterogeneity in producing
different commodities.

> In our context, x, 77 = 0, ol ~09= 0"~



Conclusion (1)

» Summary

» To fit the growth of service FE, and the decline of food FE =
income effects are important.

» To link FE data and VA added data = complementarity in
production of fixed expenditures.

» Next Steps

» What productivity trajectories will generate the observed
relative price movements?
» Look at within-sector price & quantity paths.

> Are they similar across industries, within sectors?
> What are the within-industry productivity paths?



Conclusion (2)
What are the underlying productivity paths?

Herrendorf, Herrington, and Valentinyi (2014)
» Production functions of the form:

Gir = [Fir (Kit, Li)]" [Xie(Zit)]* ™™ , where

9
o;i—1 o;—1
i

o;i—1
Fir = |ai[exp (yikt) Kie] 7 + (1 — ;) [exp (virt) Lie]

» Main result: ya; > ym > 7si; 0 =~ 1 fit the price data well.



Conclusion (3)

Substantial differences within Services

Prices: % Quantity: %

Ann. Growth Ann. Growth
GDP 3.5% 3.4%
Wholesale 1.9% 4.8%
Retail 2.7% 3.6%
Transportation 2.9% 2.9%
Information 2.5% 5.3%
Finance & Insurance 5.0% 4.0%
Real Estate 3.7% 4.0%
Professional Services 5.3% 4.5%
Management 4.2% 3.0%
Administration 4.6% 5.3%
Education 5.8% 3.0%
Health 5.3% 4.2%
Arts & Entertainment 4.2% 3.4%
Accommodation 4.0% 3.1%

Other Services 4.9% 1.6%




Notes on Caselli and Coleman (2001)
"The U.S. Structural Transportation and
Regional Convergence: A Reinterpretation"



Review: Regional Convergence
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Caselli-Coleman Hypotheses

1. South has a comparative advantage in agricultural products.
2. Declining cost of education = decreases relative labor supply
in agriculture.

3. Income elasticity of food less than 1; faster technological
growth in agriculture = lowers labor demand in agriculture.

(2) 4+ (3) = Possible to have decline in labor share of agriculture
and increase in relative wage of agriculture. Both are important
components of regional convergence.
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Region x Sector
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Region x Education Status

Fraction
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Blue: <HS, Green: HS-Some College, Red: >=College
Solid: South, Dash: North, Dot: Midwest



Sector x Education Status

Fraction
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Blue: <HS, Green: HS-Some College, Red: >=College
Solid: Agriculture, Dash: Manufacturing, Dot: Services

» Last two slides:

» High school dropouts: 75% — 15%.
» Education status is a bit lower in the South, much lower in
agriculture, much higher in services.



Income by Sector
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Income by Education Status

Relative Wages
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Red :North, Blue: South, Green: Midwest
Solid:<HS,Dash:HS-Some College, Dot >=College

» Last two slides:
> Income lowest in agriculture; gap decreases over time.
> Income increases with education; education premia increase

beginning in the 80s.
» Within education x sector : highest in Northeast, lowest in

South.



Accounting for Regional Convergence
Wages of South approach those of the North due to 3 effects

1. Industry Shares of the South — Industry Shares of the North
(Labor Reallocation)

2. Wage of Agriculture — Wage of Manufacturing/Services
(Between Industry)

3. Wage of Agriculture (or Manufacturing/Services) in South —
Wage of Agriculture (or Manufacturing/Services) in North
(Within Industry)

Total: AWS —w" = AW&L’Z - W ( — L?gt) W L,’c\l ,,Aft (1 — Llf\tl)
w Weels + Wt (1 — Lg)

wp — W,f, wh — W,’,\,I
(1): —ft__—mt <L Lft 1> % (L Lft 1)

Wt

(2): AWf_W"’-( [L 4= Lft 1]— [L +Lft_1D

w



Accounting for Regional Convergence

© Total

Between+Within

Cumulative South-North Convergence

T T T T T T
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Year

» All three forces (reallocation, within, and between) are
important in accounting for South-North convergence.

» Between industry: Early in the sample period
» Within + Reallocation: Later in the sample period



Model: Overview

» Two regions: North and South

> Agriculture takes place in the South. Manufacturing in either
region.

» Exogeneous productivity growth = Increased income raises
relative demand for manufactured goods.

» Reallocation Effect

» Decision on whether to accumulate HC (and work in
manufacturing)

» Decline in cost of going to school decreases labor supply in
agriculture
> Reallocation Effect 4+ Between Industry Effect.



Model: Production (1)
» Two goods: food (F) and manufacturing (M).

» Capital and labor are perfectly mobile across industries and
across regions.

» Labor is used in manufacturing, agriculture, or accumulating
human capital.

L34 LN 415, 4 L =1

me
Kf§+Krlr\7/t+Krit:1
———

Kome

» Manufactured goods can be consumed or invested:
Cmt + Key1 = MY + M? + (1 - 0) K,
» Food can only be consumed

S
Cft:Ft



Model: Production (2)

» Two locations: i € {South, North).

l—ar—

M = Ame (To0) " (L2)" (k)
oaT a 1—aT—aL

= A (T5) (1) (<)

Br Br 1-Br—0L
= (7)) (3)
Am.t11—Am _Ar—A
> Let gmt = ,t;iﬂt t; gft = f,t+Al& ft
» Land is perfectly mobile across industries.

> Total supply in each region is fixed: w in the South; 1 — w in
the North.

» Note: Because of decreasing returns to mobile factors (capital
+ labor), manufacturing will occur in both regions.



Model: Preferences

» Each individual i belongs to a household; altruistic over
household successors
» Preferences over food and manufactured products:

oo
U= Zﬁtu(c,’;t, ci.), where
t=0

(=) ()] "

l1—0

u(C,it, Crl;qt) =

» As in the Kongsamut et al. paper, v > 0 generates
non-unitary income elasticities.
» Consumers intertemporal BC:

> e (ch + pechy) = Hy
t=0

> Hé: lifetime income
> q; period-0 price of one unit of the farm good in period t.



Model: Human Capital Accumulation

v

Workers, i, are born and die stochastically. A be the
probability of death per period.

v

(Only) at birth: i decides whether to go to school or not.

v

Benefit of school: Can work in manufacturing.

v

Cost of school: Spend (¢ (< 1) periods of time not working.

» (' is a random variable with density 1 ()
> &, is the same for all individuals in a period, potentially
decreases over time.



Model: Equilibrium Conditions

» Profit maximization by the representative firm in each
industry/region.

a
Fi (Ta, La, K, Art) = ae; My (Tw, L, K, Ag) = Ft etc...
t

» Utility maximization over consumption of food, manufactured
goods in each period.

w (Cfty Cme) b Y (Cfes1s Cmev1)  Ger1
. N — Mt ’ —
u (Cft, Cme) u (Cft, Cmt) gt

» Markets for land, labor, capital clear each period.

» Utility maximization over schooling choice at age 0.



Model: Equilibrium Conditions

Utility maximization over schooling choice.

» Let hj; =present value of wages in sector j

he = %)\S_tsz for j € {f, m}
t

» It is optimal to go to school provided:

hmt - gtCint > hft
S—

Lost wages in 15t period

» Cutoff value of (' is ¢; = éh’”vf/i;hff



Model: Human Capital Distribution

» From last slide: newborns go to school if ¢/ > ;.
» Frac. of newborns being educated is /%, = foté (¢ d¢

» Frac. of newborn graduates is /9, = fot (1 —&C )[L (C ) d¢’
» Frac. of newborn farmers is I,?t = fg)u (Ci) d¢’

» Farmers’ evolution:
L = Les A+ 15 (1—N)
» Manufacturers’ evolution:
Lt = (L1 + Lee—1) A+ 12, (1= N)
» Labor spent in education:

Lot = 1% (1))



Calibration

8,0 0.60, 0.36 Discount factor, Depreciation rate
gm, &0 0.084, 0.168 Nonfarm, Farm TFP growth

aT, af 0.19, 0.60 Cost shares in farming

61, BL 0.06, 0.60 Cost shares in manufacturing

w 0.75 Land share in South

Model with constant &

¥ 0.2205 Non-homotheticity parameter
Ko 0.0711 Initial capital stock
&0 and &£ 2.0375 Education cost parameter

Model with declining &

vy 0.2201 Non-homotheticity parameter
Ko 0.0712 Initial capital stock
&o 1.8977 Education cost in the year 1880

¢ 0.1239 Education cost in the year 2190



Results

Variable Data Constant Declining
Costs Costs
(cr/) 1880 0317 0.31 0.31
(c£/)1050 0014  0.03 0.08
L 1880 0.50* 0.50 0.50
Lt 1980 0.03 0.33 0.10
P1880/ P1980 ~1.0 0.16 1.14
(Wr/Win)1ggo  0-20 0.20 0.20
(Wf/wm)1980 0.697 0.03 0.69
(w® )1880 0.41* 0.41 0.41
(w 5 tosg 0-90 0.56 0.97




Results

Variable Constant Declining
Growth Rates Costs Costs
South/North population 0.36% -0.34%
Farm capital/labor ratio -0.69% 2.43%
Farm land/labor ratio -1.47% 0.94%
Nonfarm capital/labor ratio 1.13% 0.99%

Nonfarm land/labor ratio 0.38% -0.34%




Results

Variable Constant Declining
Growth Rates Costs Costs
South/North population 0.36% -0.34%
Farm capital/labor ratio -0.69% 2.43%
Farm land/labor ratio -1.47% 0.94%
Nonfarm capital/labor ratio 1.13% 0.99%

Nonfarm land/labor ratio 0.38% -0.34%




Summary

» Agriculture is a geographically concentrated, low education
activity

» Decreasing cost of education + Decreasing relative demand
for food
= Higher relative wages in agriculture + Reallocation away
from agriculture
= Regional Convergence.



Relative Price of Education Services Is Increasing
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Metro Status by Region

Fraction in Metro Area
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Notes on Karabarbounis and

Neiman (2014) "The Global
Decline of the Labor Share"



Review: Labor Share of Income

Labor Share
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Relative Price of Capital Is Falling, Especially After 1980
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Ratio of Price Deflators, Investment
vs. Consumption, 2009
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A complication when computing the labor share

How do you classify entrepreneurs” income? Taxes?

pi

Gross domestic income
Compensation of employees, paid
Wages and salaries
To persons
To the rest of the world
Supplements to wages and salaries
Taxes on production and imports
Less: Subsidies 1
Net operating surplus
Private enterprises
Net interest and miscellaneous payments, domestic industries

Business current transfer payments (net)

Proprictors'income with inventory v: d capital
Reatalincome of persons with capital consumption adjustment
Corporate profits with inventory valuation and capital consumption adjustments, domestic industries
‘Taxes on corporate income
Profits after tax with inventory valuation and capital consumption adjustments
Net dividends
Undistributed corporate profits with inventory valuation and capital consumption adjustments
Current surplus of goverment enterprises |
Consumption of fixed capital
Private
Government
Addendum:
Statistical discrepancy

16,1046
8503
68503
68361

141
16721
11244

578
40081
40325

6136
1157
12144
48
13640
812
11268
569.1
5578
45

25076

20187
4889

-63.0

012
[
16,1503
83626
68823
68673
150
16803
L1222
576
39894
40155
3808
1100
12178
378
13691
a7
11394

012
i
162696
85995
69132
68984
148
16862
11188
360
40522
40807
6117
1026
12200
467
1598
391
11607
5113
5834
285
25551
20598
4953

864

012
“.
165220
87955
70946
70800
146
17009
11263
s17
40830
41148
3
95
12475

25750
20776
974

-1017

013
1
166909
87561
70482
70338
144
17079
L1407
380
42482
42837
6303
1219
13346
§T49
1621
4082
12138
6166

1556

013
[
168478
88440
71261
71110
151
17178
11388
89
42920
43310
917
1258
13415
17
16843
4182
12661
8747
914
390
26319
2185

5034

-1868

013
i
17,0046
88968
7113
71562
151
17
11490
0.1
43582
43996
6155
1201
13607
5966
17068
s
12890
7694
5195
414
2696
21535

506.1

917

013
—
17,1814
89738
1517

26010
21805
5105

918

014
1
7,213
9,495
73012
72865

148
17483
1,1667

568
42401
42855

13595
6119
15584
4589
10995
6747
8
455
1119
22086

5133

-1053



Two main contributions of Karabarbounis and Neiman
(2014)

» Measurement: Compiling data for corporate labor shares for ~
60 countries.
» Estimation: New method (using cross-sectional data) of

estimating capital-labor substitutability (o = %).



Why do we care about o7

» Does an increase in % increase incentive to innovate in labor-

or capital-intensive technologies? (Acemoglu, 2002, 2003)

» How much of the GDP per capita differences between poor
and rich countries is explained by differences in %? (Caselli,
2005)

» What are the welfare effects from the observed changes to the
labor share? Llater today.



Outline

» Data sources
Stylized facts

v

» Labor share
> Relative price of capital

v

Theory: Linking the labor share to the relative price of capital

v

Estimating o and sources of the decline in the labor share



Labor Share Data

» Decomposition of GDP

Y = QC + QH + QG + TaXproducts
—~—
Corporate VA
QC = WCNC + TaXproduction,C + Operating SurplusC

» Total labor share= %

» Corporate labor sharezwéiévc

» Major data sources

» Country-specific web pages, UN + OECD websites, books
» EUKLEMS : Includes data by industry. No seperation into
corporate vs. household/government.



Investment Price Data

1. Penn World Tables

PPP | pPPP PBEA

o Lt 1,US,t 1,US,t

't = pPPP /pPPP BEA
C i t/PC ,US, t PC,US,t

From the second term: incorporate adjustments that the BEA
makes for relative improvements the quality of
investment/consumption goods.

2. World Bank: World Development Indicators (Fixed Investment
Deflator, CPI)

3. EUKLEMS



Both the overall and corporate labor share are declining

Global Labor Share
6
L

w
1976 1980 1985 1990 1995 2000 2005 2010

Corporate Sector ————- Overall




The labor share is declining for most countries
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The labor share is declining for most industries



Changes in the labor share come from "within industry"

changes

As;; = § Wi kASLj K +E SLi kAwi k
K K

-~

Within-industry Between-industry

2
|

0

Within-Industry Component
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|
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Labor Share Trends, Percentage Points per 10 Years



Investment Price Decline, Across Data Sources

0
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Log Relative Price of Investment (1980=0)
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Model: Overview

1. Goal: Account for the decline of the labor share.

2. Two sectors: Producing consumption goods and investment

goods.

2.1 Produce using capital & labor with identical production (CES)
technologies.

2.2 Relative price of the two goods dictated by technology
differences (£).

2.3 Inputs are supplied by monopolistically competitive (with
markup ) continuum of firms.

3. Household side straightforward.

4. Key parameter of interest : o, elasticity of substitution
between capital/labor



Model: Household Problem

» Maximize
maX
{Ct,Lt,Xe,Ke41,Bes1}
Wth + Rth =+ I_It = Ct + EXt + Bt+]_ — (1 + rt) Bt
Kt+1 - (1 - 5) Kt + Xt

BEV (Ce, Ni; xt) subject to

» FOC for capital:

Rey1 =& (14 rer1) — &y1 (1 —0)

&+ =price of the investment good at time t (more details on
the next slide).

» Euler Equation:

Ve (G, Ny
B+ ) = e e lind
VC(Ct+17Nt+1th+1)



Model: Production

» Three products: intermediate inputs z € {0, 1}, final
investment good X, final consumption good C.

1 er—1 % ]_ 1 gr—1 er—1
G = [/ ce(z) © dz} Xe = — [/ x¢(z) = dz]
0 & [Jo

» Intermediate input supplier:

ye(2) = (o (Ak ke + (1 - 0)* (Aceni(2) =)

Akt and A; ; are capital- and labor-augmenting productivity.
» Market-clearing conditions:

ye(2) = a(2) + x(2)

1
Kt = / kt(Z)dZ
0

1
Lt:/ ne(z)dz
0



Model: Input choices of each intermediate input supplier

» Problem of the intermediate input supplier:

max p(2)y:(z) — ke(z)Re — ne(z2) Wy

» First order conditions (For each z):

9 (peyt) 0 (G}t) ; yt)

:a<

Akt
e Ry

R = =
' Dke ke
1
_1 Y a 1 o—1 e—=1_o-—1
kU gt (A )T
Ht
1
1 o1 ki @ kiR,
peRe = oo (Ake) @ pr (t) = it Lk
Yt Yt Pt
N~
SK’t(Z)
» Similarly:

I, W, ( ALr >"1
=(1l-«a
e Yt Pt ( ) e Wi
N——

s; +(2)

.



Model: Input choices of each intermediate input supplier
From the last slide:

A o—1
Mt(Z)SK,t = < Kt >

Mt(Z)Rt
But also: M.(2) )
t\Z Me —
S Z) = e
W)= @ T
Since
sne(z) +s1e(z) + ske(z) =1
pesee(z) + peske(z) =1
Thus:

A o—1
1—sie(2) =« ( Kt )

Comparing two periods:

A~ o—1
= )(1—sL(1+§L)u(1+m)=(”Af‘) (1+ 1)

l—sp




Model: Estimating Equation

From the last slide:

A~ o—1
inm)u—QUA@nuu+ﬁ»=<3:¥> (1+0)

From the FOC for capital:

s n (1 s BO
1+R=(1+¢ (1 51—5+55>

1 . A
(125 ) 0 -sarsuas )

~ o—1
(14 Ak st (i 2 BS o
_<1+é) ) <1 61—6+55>

So, the labor share can change if £, Ak, 1t or _change.




Estimation

Set u—1=j=254=0. Take logs:

S ~ ~

1 g =(0-1)E+(1-0)Ax

— S ~—_—————
y+u

In the benchmark regressions, assume éL Ax.



Estimation

-10 o] 10 20

-20

(Trend in Labor Share)/(1-Labor Share)
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» Slope: 0.28 = & ~

0
Trend in Log Relative Price of Investment



Estimation

Investment

Labor

Price Share g Obs
PWT KN Merged (102(?8) 58
WDI KN Merged (102097) 54
PWT OECD & UN (102(?8) 50
WDI OECD & UN 1.31 a7

(0.06)




Markup Shocks?
What if fi; # 0 or p; # 17
s N .
) i) = v+ (-1 (G )+
1= sijp

» Assuming 3, § are constant over time, same for all countries:
_RKi _§X (1/B-1+46
Y Y 5

Skj =& X/ Y;

SKJ'

» From before pus;; + pusk; = 1. And:
1

14 (5151 + Sk;jSkj)

A

fij =




Markup Shocks?
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Trend in Log Labor Share

= Countries with declining labor shares had (on average) declines
in capital shares and markups.



Markup Shocks?

Investment Investment R
. o Obs

Price Rate
1.03

PWT Corporate (0.00) 55
1.29

WDI Corporate (0.08) 52
1.11

PWT Total (0.11) 54

WDI Total 1.35 52

(0.08)




Capital-Augmenting Technical Change?

Again,when,u:ﬁ—lzgzo:

SL

- §L:7+(U—1)é+(1—0);4;(+u
— oL

Up to know, we had assumed corr(Ak,é) =0. If not:

u =(1—o)corr (/A4k é) * (/Aqk>

()

> |f corr(ﬁk,@ < 0, then

» G>oiffo>1
» g —oifo— 1.



Capital-Augmenting Technical Change?

» From the last slide:

P
—o0=(1-o)corr Ay, &
Bias

> If
> corr(ﬁk,@ = -0.28
> sd(A) = 0.10
. sd(g) —0.11
» thenif c =1.25=6=1.20




Effect of the markup and investment price shocks

e 1 1.25 1 1.25 1 1.25
fi (& i)

L:xbor .share 00 26 -31 26 -31 -49
(% points)
Coaplta.l share 00 26 -19 24 -19 -01
(% points)
F:roflt .share 0.0 00 50 50 50 5.0
(% points)

Rental rate 221 -221 0.0 0.0 -221 -221

Capital-to-output 284 366 -52 -64 218 279
Welfare-equiv. 181 221 -30 -34 132 158

consumption




Notes on Oberfield and
Raval (2014) "Micro Data
and Macro Technology"



Two additions

From the board:
o) = (1= xn) o+ xne

1. Include materials in plants’ production functions:

9n

[(/‘\m'an)J?fi;1 + (Bn,-Ln,-)”ZT] p

|

2. Write out the aggregate elasticity in terms of industry-level
terms.

F(Kniuth ):




Two additions

From the board:
on = (1= Xn) 0 + Xne
1. Include materials in plants’ production functions:

on_Gn—1

gn=l an=115,1"¢,
|:(AniKni) an +(BniLni) an ]

F(Knia th Mni) =

oN SN | G-l
on—1 ¢y
+CniMn,'

2. Write out the aggregate elasticity in terms of industry-level
terms.



Building up to the aggregate EoS

» The industry-level elasticity of substitution equals:
0’,,1\/ = (1_Xn)0n+Xn |:<]-_§/1VI) 5n+§rI1an]

BEPNRY:
where x, = Z Menix and

1

M

5, is a weighted average of plants’ intermediate input shares.

» The aggregate elasticity of substitution equals:

e e (1) 5
2

where %8 = 3" ((O‘—a)

1—a)a0"' and

1

» &N ((,) is a weighted average of the industry capital-labor
(materials) EoS.
» 5" is a weighted average of industries’ intermediate input

shares.



The Census of Manufacturers & Annual Survey of
Manufacturers

» Census of Manufacturers (CM)

> All plants within the US with > 5 employees (180,000 out of
350,000)
» Every five years (1972, 1977,... 2012)

» Book value of capital is imputed for non ASM plants (except
for 1987, 1997)

» Materials expenditures, labor expenditures, output.
» Annual Survey of Manufacturers

> A subset of plants (50,000), oversampling of larger plants
» Materials expenditures, labor expenditures, output.



Building blocks of o

» x: variation in plant-level capital shares (within value added)
» M. average materials cost share

> o,: plant-level elasticity of substitution, between capital and
labor

> ¢, elasticity of demand

> (,: elasticity of substitution between materials and value
added



Building blocks of ¢ = (1 — x,)on + xal(1 — 3M)e, + 3V

XN

Apparel o

Instruments

Textiles -

Petroleum Refining 5

Food Products -
Transportation Equipment 5
Rubber

Printing and Publishing -
Machinery

Electrical Machinery -
Stone, Clay, Glass, Concrete -
Miscellaneous -

Leather -

Primary Metal -

Furniture 5

Chemicals -

Fabricated Metal

Lumber and Wood —

Paper -

0.50
Heterogeneity Index

n

]




Building blocks of
= (1= Xn)on + Xal(1 = 3))en +5)]: 0,

From the plants’ cost-minimization condition:

s (25), v (),

Specification from Raval (2014):

K
log ( rN> =K+ (0, —1)log WMSA + Controls+e¢,;
Wi

> WMSA hourly wage in the MSA of plant /, after controlling
for worker education, experience, industry, occupation,
demographics.

» Controls: age of the plant, indicator for whether it is part of a
multi-unit firm.

» Key Assumptions: R, L W,IX-ISA (or more generally,
W,’X-ISA 1 6,7,')



Building blocks of

a,l7\/ = (1= xn)on + xal(1 _§,/7\/l)€n_i_§,/7\ﬂ]: On

Apparel <

Instruments —

Textiles

Petroleum Refining =

Food Products -
Transportation Equipment =
Rubber 4

Printing and Publishing =
Machinery <

Electrical Machinery =
Stone, Clay, Glass, Concrete =
Miscellaneous

Leather

Primary Metal

Furniture

Chemicals -

Fabricated Metal

Lumber and Wood -

Paper -

Industry

Average of o, ~ 0.5.

025 050 0.75
Elasticity of Substitution




Building blocks of
0/{}/ = (1 = xn)on + xal(1 - §r/7\4)8n + 5,/7\41: Cn

From the plants’ cost-minimization condition:
Similar specification to identify (:

M
log <W/\/q_|-rK> L (¢ = 1) (1 — a;) log w,)/** + Controls+ép;

Results from pooled regression

¢
1987 0.90
1997 0.67

N 140,000




Building blocks of
= (1 — xn)on + xal(1 = 3M)e, +3M]: 57 and ey

> §,’,W, average materials cost share: average=0.59.

» ¢,: Demand elasticity.

» According to the model, the markup equals revenues divided
by total costs =

> &, €[3,5]

ni ¥ ni

en—1 = wlpi+rKyi+qM,;



Building blocks of o = (1 — x»)on + xal(1 — 5¥)e, +3M]:
[(1—3M)e, +35M]

Apparel A °
Instruments A [ ]
Textiles A °
Petroleum Refining A °
Food Products A °
Transportation Equipment A
ubber A o
Printing and Publishing A °
Machinery A L[]
Electrical Machinery A
Stone, Clay, Glass, Concrete A L]
Miscellaneous A o
Leather A °
Primary Metal A °
Furniture A °
Chemicals A o
Fabricated Metal A °
Lumber and Wood A °

Paper . A ; [

2
s
173
E}
k]
£

4
Elasticity of Demand

® Elasticity of Demand A Scale Elasticity



Building blocks of oY = (1 — x,)o, + xal(1 — 3M)e, 4+ 35/

Apparel =
Instruments =
Textiles =
Patroleum Refining =
Food Products = L]
Transportation Equipment = L]
ubber = .
Printing and Publishing = . r
Machinery = L A
Electrical Machinery =
Stone, Clay, Glass, Concrete -
Miscellaneous - L
Leather = * A
Frimary Metal = ]
Furmiture = L A
*
r'y

Industry

Chemicals =
Fabricated Metal = [ ]
Lumber and Waod = . A
Paper - L
T T T T T
0.00 0.25 075 1.00

0.50
Elasticity of Substitution

® Plant & Industry

u]

o)
I
i

it




Building blocks of )
0% = (1 — x)a) + x*#8[(1 - 5")n +3Y()]

7, elasticity of demand across industries: 1

N, x?8, M and (, all come from industry-level data.

Estimate in 1987: 0.70

Allowing the xs, Ss to vary across years:

vV v v vy

=)

o

o
L

. . . m—— —)

Manufacturing Elasticity
= =
b -
5 2
1

[

=

=]
1

v | ; i i v | i
1972 1977 1982 1087 1992 1997 2002 2007
Year



o288 ranges from 0.80 to 1.15 for other countries

India -

Colombia-

Chile -

US-

05 10
Aggregate Elasticity

. Plant Level . Industry Level . Manufacturing Level



Reminder: The labor share has fallen

Labor Share

0.75 -

0.70

0.65 -

0.60 -

0.55

Aggregate

Manufacturing

T
1950

T
1960

T
1970

T
1980
Year

T
1990

I
2000

I
2010




Why has the labor share fallen? A decomposition

v,L

)

ds"'t = 8I(Z;W/rdlog w/r+ [ds"’L -

v,L

)

Slogw/r W/rd log W/r}

dsVt
— __agg v,L
(1—0%8)dlogw/r+ [ds 8|Og|/V/rdlogw/r]

Data on w, r:

: — Labor compensation i ;
» For w: NIPA. w = Employees , adjust for changes in
skills.

» For r:

» Capital prices from NIPA
» Real rental rate of capital 3.5%
» Tax rates and depreciation allowances from Jorgenson

w/r has gone up & 1 — 0?8 > 0 = Contribution of factor prices
is positive.



Almost none of the change in the labor share is from w/r
increasing.

o 07
=]
e
o
S
a 57
a
@
=
s
S5 -104
E
3
(5}
15+
T T T T T
1970 1980 1990 2000 2010
Year
Labor Share Change = = = = Within Industry Bias Contribution

=== == Factor Price Contribution * - - - ' Between Industry Bias Contribution



The discrepancy between Oberfield and Raval and
Karabarbounis and Neiman?

» Sample: Manufacturing (OR) vs the whole economy (KN)

Primary (_tonstruc- Manuf.  Transport
tion

0 0.03 0.05 0.20 0.61
« 0.55 0.19 0.35 0.45
Electricity/ Wholesale/ FIRE Other

Gas Serv. Retail Services
0 0.05 0.15 0.17 0.28
« 0.58 0.29 0.67 0.18

YUl = 0.14.

» Omitted variable bias? See Loukas’ discussion of OR on his
webpage.
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