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OVERVIEW OF GROWTH AND INCOME DIFFERENCES

Kaldor facts.

@ Solow model.

» Growth from capital accumulation and exogenous technology.

Neoclassical growth model.

» Growth from equilibrium capital accumulation and exogenous
technology.

» Efficiency result.

Confronting neoclassical growth theory with evidence.
@ Other and deeper theories of cross-country growth differences.
@ Growth over time.

@ Cross-country welfare differences beyond GDP.
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STYLIZE FACTS

@ Rate of growth of GDP per capita is stable over the long-run.

@ Capital to output ratio is stable over the long-run.

@ Labor share of income and capital share of income are constant.
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STABLE RATE OF GROWTH
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STABLE CAPITAL-OUTPUT RATIO
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STABLE LABOR SHARE
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PRODUCTION FUNCTION

e Aggregate production function: Y = F(K,AL).

» Y output.

» K: capital used in production.
» L: labor used in production.

» A:. Technology.

Constant returns to scale: F(AK,AAL) = AF(K,AL).

@ Positive marginal products: M = Fx >0, M =F>0.

@ Diminishing marginal products: % = Frx <0,F L <0.
@ Inada conditions: limk_.o Fx = oo, limk .. Fx = 0.
@ Leading example (Cobb-Douglas):

F(K,AL) = K*(AL)}%, 0 < a < 1 (verify).

Soon we will introduce t subscripts to index time.

Labor-augmenting technology.
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INPUTS

Exogenous labor: Liv1 = (14 n)Ls,
Exogenous technology: Arr1 = (14 g)As,
Capital accumulation: Kiy1 =(1—8)Ke+ Iy,
Market clearing: Iy =sY;: why?

@ Gross savings sY(t)= Gross investment /(t). Net investment
K11 — K subtracts depreciation K.

@ Constant gross savings rate s is key assumption. In neoclassical
model, s determined by intertemporal consumption choice.
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INTENSIVE FORM OF PRODUCTION FUNCTION
e Define y = Y/(AL),k = K/(AL),f(k) = F(k,1).
@ Then: y=Y/(AL) = F(K,AL)/(AL) = (AL)F(k,1)/(AL) = f(k).
@ Partial derivatives:
f'(k)

f"(k) < 0.

_ df(k) _9F(k.1) _ IF(K,AL) _
T dk 9k 0K ’

o Cobb-Douglas:

@ “Detrending trick” to make model easier to analyze.
o Caution: Kurlat uses lower case to denote per capita and X to denote
per efficiency unit. $/18



DYNAMICS OF k

Definition:

Cap. accum.
Algebra & (I = sy):
Simplify:

Algebra & prod fxn:

Approximate:

Kii1
Akip1 =key1 —ke=——"7——k
t+1 = Ke+1 — Kt Acilen
(L1-8)Ke+ 1
=k

Att1lea
C (1-98)Ki+sY: Al i
B Aele Acpileyn
(1—08)k:+ sy:
(1+n)(1+g)
_ sf(ke)—(n+g+8+ng)k:
a (I+n)(1+g)
N sf(ke) —(n+ g+ 8)k:
- 1+ntg '

t

o Key equation of the model. It describes how capital per effective
worker — and hence output per worker — evolve.
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GRAPHICAL REPRESENTATION

Copyright © McGraw-Hill Education. All rights reserved. No reproduction or
distribution without the prior written consent of McGraw-Hill Education.

Breakfeven investment
(n+g+08)k

sf(k)

Actual investment

Investment per
unit of effective labor

K* k
Balanced growth path: sf(k*(t)) = (n+g -+ 0)k*(t).

10/18



BALANCED GROWTH PATH

e Definition: along a balanced growth path (BGP), Y,K, L grow at
constant rate.

@ Claim: along BGP: y, k are constant (Why?).
@ Per capita growth rate: y; =y = E:ll/yf =A1/Ar=1+g.

Level: Aky = 0= sf(kngp) = (n+ &g+ 8)Kpgp-

Cobb-Douglas:
Skpgp = (n+ &+ 8)kbgp

S 1I-a
~ ke = \higrs)

S %oc
o= (rrers)
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SOURCES OF GROWTH OF OUTPUT PER CAPITA

@ Convergence:

> Suppose economy starts with k; < kpgp.

v

Then sf(k:) > (n+g+ 8)k: (why?).

v

Then kt+1 > kt-

» Economy converges to BGP.

@ Long-run growth: eventually, growth rate settles down to 1+ g.
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COMPARATIVE STATIC: s 1

Investment per unit of effective labor

Copyright © McGraw-Hill Education. All rights reserved. No reproduction or
distribution without the prior written consent of McGraw-Hill Education.

(n+g+9k
snew f(R)

sotp f(R)

kﬂg)LD kﬁEW k
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GOLDEN RULE CAPITAL STOCK

e Consumption better measure of well-being than output (why?).

Consumption per effective worker:
c-D

Chgp(5) = (1 — 5)Ybgp(s) = (1 —s)[s/(n+g+8)]7%.

Maximize over s:
o

(i) it ) (i)
N n+g+9o l-a\n+g+d6)\n+g+96

=s=aqa,

1

= (— % )7°
o= (srgvs)

For s > o, "too much” of gross saving offsets depreciation.

But s isn't a choice in this model.
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IMPLICATIONS FOR GROWTH THEORY

@ Income growth and cross-country differences due to exogenous
technology and capital accumulation.

@ Convergence: countries that start with low levels of capital per worker
catch-up.

@ Rate of catch-up diminishes as approach frontier.

@ At frontier, growth only from exogenous technology.

@ Romer 1.6 calculations.
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CONFRONTING MODEL WITH DATA

@ No “unconditional” convergence.

@ Conditional (or “club™) convergence across countries.

@ Convergence across U.S. states (but less than before).
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NO UNCONDITIONAL CONVERGENCE
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CONDITIONAL CONVERGENCE ACROSS U.S. STATES

Convergence 1940-1960, Coef: —2.41 SE: .11

Convergence 1990-2010, Coef: —.99 SE: .28
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Source: Ganong and Shoag (2017). Why Has Regional Income Convergence in U.S. Declined?
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