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Modern economic growth

* Growth rate of U.S. per capita income over
the course of this century = 2% per year.

» Relative to most of human history, 2%

growth 1s exceptionally high!
Netherlands (1580-1820): 0.2%

U.K. (1820-1890): 1.2%




Facts: Growth rates
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... Modern economic growth

* Between 1870 and 1978, U.S. per capita
income has increased by a factor of 7.5,

Sweden by a factor of 11, Japan by a factor
of 16!

 If the 2% growth rate 1s sustained, incomes

will double every 35 years.




* If the growth rate is v, how long does it take to
double the per capita income?

* Let the number of years be T.

yr = (1+y) 'y, where y; = 2y,
Then, In(2) =T In(1+y).

* At a growth rate of 2%, per capita income
doubles approximately every 35 years. At a
growth rate of 7%, per capita income doubles
approximately every 10 years.



... Facts: Growth rates

Figure 4.1 Average annual growth rates of GDP, population,

and GDP per capita, 1965 - 1999
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Map 4.1
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... Facts: Growth rates




Convergence”?

Real per capita income (proportionate scale}

South
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FIGURE 11.7 Per Capita income for Four U.S. Regions
The figure shows the average of per capita personal income for the four regions from 1880 to {988
The spread across the regions bas narvowed substantially over time.

9This evidence comes from studies by Robert Barro and Xavier Sala-i-Martin (1991, 1992).
10The data refer to personal income exclusive of all transfer payments.




... Convergence?

Per capita growth rate, 1830-1988
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FIGURE 11.6 Growth of Per Capita Income for U.S. States, 1880~ 1988
The average growih rete of per capita personal income, shown on the vertical axis, s inversely

related to the initial level of per capita income, shown on the borizontal, (The borizontal axis uses a
Droporiioreie scale.) :




... Conditional convergence
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Per Capita Income (1960)

Figure 3.10. Per capita GDP (1960) against average annual growth rate, 1960—-85. Source: Penn

World Tables Mark I1.




Facts: Income levels
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117 Countries in Order of Increasing Per Capita Income, 1993 (exchange rate method)

Figure 2.3. PPP versus exchange rate measures of GDP for ninety-four countries,
1993. Source: World Development Report (World Bank [1995]).




... Facts: Growth rates
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. Facts: Growth rates
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... Facts: Income levels
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... Facts: Income levels
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1 Introduction

e Large differences in living standards across countries over the last 40 years.
Measured by GDP per capita, the ratio of rich to poor is more than 30.

e Accounting based on the Solow growth model implies that the income
differences are largely due to TFP differences.



... Introduction

e A rough calculation based on exogenous TFP differences in the Solow
model

— Y = A(1+7)t(1_9)k6, where 7 is labor-augmenting technical progress
and 6 is capital share.

= ker1(1+n) = (1 — )kt + syt

— Balanced growth implies k;41 = (1 + v)k¢, so

ki(l+n+v+ny)=(1-0)k + sy



... Introduction

e Approximately,
ke S
ye n+vy+9

e Substitute into the production function to get

0
yr = ATT(1+ ) : o
n+y-+90



... Introduction

e Alternatively,

g = A(1+~) 100

1—0 t(1—0) [ Ft ’
Yy = A(1+7) <_>
Yt

e Hence,

0
1 ky\1-0

yr = AT0(1 + fy)t (l)
Yt



... Introduction

e Ratio of %rich to Spoor equals 2.7 (Hall and Jones, 1999, estimate the
ratio to be 3.6).

— Suppose that the rate of exogenous technical progress is the same

across countries i.€., Yyich = Vpoor-

— With 8 = 0.4, if the TFP ratio A, to Apoor is 3, the income differ-
ence is a factor of 12.



... Introduction

e Quantitative explanations for cross-country income differences

— Small differences in TFP, but large non-linear effects on factor alloca-

tion.

— Observed income differences do not translate into welfare differences
e.g., Home production models.

— Barriers to technology adoption, capital accumulation



... Introduction

e Point of departure: The observed income differences over the last 40 years
are not steady state differences.

e Objective: To quantitatively account for the observed long run differences
between rich and poor countries in
— Income

— Savings rate
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... Introduction

e This paper contributes to the quantitative theory of evolution of inequality.
It relies on initial endowment differences.

e Factor accumulation plays a key role in the evolution of income inequality.

e TFP is endogenous.



2 Economic Environment

2.1 Technology

y1 = arky; Y2 = azk?
kK] = (1 —68)ky + 11
ko = (1 — d)ka + i
c+i+12=y1+y.

as isi.id.; Fay > a1 > 9.



2.2 Preferences

)1—0

Z ﬁt(ct —c

l1—o0o

e The utility function is quasi-homothetic. The intertemporal elasticity of
substitution varies with wealth when ¢ > 0. When wealth is sufficiently
large, the effect of c is negligible.

e c is not subsistence consumption.



2.3 Endowments

The representative agent is initially endowed with k19 and kpg. The endow-

ments are sufficiently large to finance the minimum consumption forever.



2.4 Optimization

The respresentative household’s problem, given initial endowments, is to

00 _ 2\l—0c
maxXx EO Z Bt(Ct Q)
t=0

1—o0o

s.t. ¢t + 11 + 10 = Y1+ + You,
kie41 = (1 — 0)k1t + i1,

kot+1 = (1 — d)kor + 2o



A transformation of the household’s problem:

e Define r1 = a1 — § and 7o = ap+ — 9. (In equilibrium, r1 and 7 will be
the rental rates on riskless and risky capital, respectively.)

e Define discretionary consumption as ¢ = ¢ — ¢ and discretionary riskless
(&

capital stock as El = k1 — =

The respresentative household’'s problem becomes

0. @) 61—0'
MmaxX EO Z Btlt
=0 -0

st. G+ ki1 + koryr = (1 + 71)k1e + (1 + 7or) eor.



The transformed problem is similar to the optimal consumption and savings
problem in Hakansson (1970).

Step 1: Solve the portfolio problem — allocate a unit of wealth between
risky and (discretionary) riskless assets.

Step 2: Solve the consumption-savings problem in each period — decide
how much to consume from the beginning-of-period wealth in each period.

The portfolio weight does not change over time, so the portfolio problem
has to be solved only once.



3 Results: Decision Rules

e The optimal portfolio weight ¢* solves

E{1l+m) ¢+ (1+r)(1—¢)} 7.

Denote the maximized value of this objective function as p™*.

MaxXx
— O

e Denote the wealth at the beginning of period t as

ot = (14 72 )kas + (1 + 71)kyy



... Decision Rules

e [hen the decision rules are
o= (1—{B(1—a)p*}/ "),
kit = {B(1 — 0)p* Yo (1 — ¢%)ay,

kotr1 = {B(1 — 0)p* Yo 6* 0y



4 Calibration

e Suppose that the model period is 1 year and that there are 100 closed
economies. The only difference between these economies is the initial level

of wealth.

e Atkeson and Ogaki (1996) and Rosenzweig and Wolpin (1993):

c=177
8 =0.95
o = 0.964

r1 = 0.0536.



e The random variable 7 € {x,xf} with probabilities 7 and 1 — 7.

e The distribution of 75 and the initial wealth levels are chosen to deliver the

following:

— initial GDP for the poor country is roughly equal to its value in the
year 1500,

— initial GDP of the rich country is twice as high as that of the poor
country in the year 1500,

— the poor country’s growth rate remains low around 0.1%.



5 Quantitative implications
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Per Capita GDP
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Per Capita GDP, log scale
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Per Capita GDP, log scale
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Per Capita GDP, log scale

10

10

10

10

10

Model: Per Capita GDP
Minnimum Consumption =0

|
— Richest 5
Poorest 5

150

200

250
time

300

350

400

450

500



References

« Parente, S. and E. C. Prescott. “Changes
in the Wealth of Nations.” Federal Reserve
Bank of Minneapolis Quarterly Review,
Spring 1993.

* R. E. Lucas Jr. “Lectures on economic
growth.” Harvard University Press, 2002.

 Parente, S. and E. C. Prescott. “Barriers to
Riches.” MIT Press, 2002.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




