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U.S. Recession of 2008–2009

• Seems puzzling wrt to RBC theory

◦ TFP and tax rates barely changed

◦ GDP relative to trend fell 5%

◦ Hours per capita fell 7%

◦ Labor productivity rose 2%
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U.S. Recession of 2008–2009

• Seems puzzling wrt to RBC theory

◦ TFP and tax rates barely changed

◦ GDP relative to trend fell 5%

◦ Hours per capita fell 7%

◦ Labor productivity rose 2%

• Unless key factor included: Intangible investments



Motivation: the 1990s Tech Boom

• 2008–2009 is “flip side” of 1990s:

◦ GDP and hours depressed, but booming in ’90s

◦ Labor productivity high, but low in ’90s

• In earlier work, found puzzling if abstract from

◦ Intangible investment that is expensed

◦ Nonneutral technology change w.r.t. its production



Intuition from 1990s Boom

• Intangible investment that is expensed

◦ Model output = GDP + unmeasured investment

⇒ Output understated in boom

• Nonneutral technology change w.r.t. its production

◦ Hours in R&D-intensive activities abnormally high

⇒ GDP/hour understated in boom



Application of Theory to 2000s

• Apply our “off-the-shelf” model from 1990s study

◦ Feed in paths for TFPs and tax rates

◦ Abstract from financial and labor market frictions

• Main findings:

◦ Productivity growth slow-down biggest part of story

◦ Nonneutrality of TFPs plays only small role

◦ Observations in remarkable conformity with theory



Theory



Theory

• Household/Business owners solve

maxE
∞∑

t=0

βt[log ct + ψ log(1 − ht)]Nt

subject to

ct + xT t + qtxIt = rT tkT t + rItkIt + wtht

−taxest+transferst+nonbusinesst

kT,t+1 = (1 − δT )kT t + xT t

kI,t+1 = (1 − δI)kIt + xIt

where subscript T/I denotes tangible/intangible



Technology

• Production of final goods and services

yb = A1F (k1

T
, kI , h

1)

• Production of new intangible capital

xI = A2G(k2

T
, kI , h

2)

Total intangible stock used in two activities



Model for the 1990s

• Technological change was nonneutral: A2

t/A
1

t ↑
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Model for the 1990s

• Technological change was nonneutral: A2

t/A
1

t ↑

⇒ More hours to intangible sector: h2

t/h
1

t ↑

⇒ NIPA labor productivity pNIPA
t falls

While true labor productivity pt rises

pt =
ybt

h1
t

=
ybt + qtxIt

h1
t + h2

t



Model for 2008–2009

• Nonneutrality still a factor but quantititatively less so

• Intangibles key even if A2

t/A
1
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◦ Leads to labor wedge with pNIPA
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Model for 2008–2009

• Nonneutrality still a factor but quantititatively less so

• Intangibles key even if A2

t/A
1

t fixed,

◦ Decline in qtxIt bigger than ybt

◦ Leads to labor wedge with pNIPA
t ↑ and pt ↓

pNIPA

t =
ybt

h1
t + h2

t

, pt =
ybt + qtxIt

h1
t + h2

t

⇒ Labor productivity puzzle not so puzzling



Quantitative Predi
tions



Starting Point: National Accounts

NIPA INCOME NIPA PRODUCT

Capital consumption Personal consumption

Taxes on production Government consumption

Compensation less sweat Government investment

Profits less expensed Private tangible investment

Net interest Net exports



Revised National Accounts

TOTAL INCOME TOTAL PRODUCT

Capital consumption Personal consumption

Taxes on production Government consumption

Compensation less sweat Government investment

Profits less expensed Private tangible investment

Net interest Net exports

Capital gains Intangible investment



Revised National Accounts

TOTAL INCOME TOTAL PRODUCT

Capital consumption Personal consumption

Taxes on production Government consumption

Compensation Government investment

Profits Private tangible investment

Net interest Net exports

Intangible investment



Parameters and Exogenous Processes

• Parameters set to match NIPA accounts and hours in 2004

• Exogenous variables:

◦ TFPs

◦ Tax rates on consumption and labor

◦ Nonbusiness activities (paths set to US)

• Household expectations

◦ 2004–2006 expect policies to continue

◦ 2007–2011 perfect foresight of future path



Identifying TFPs

• Easy in one-sector economy: At = GDPUS
t /F (kUS

t , hUS
t )

• Tricky here since kIt latent

• What we do:

◦ Choose {A1

t , A
2

t } so GDPmod
t =GDPUS

t , hmod
t =hUS

t

◦ Check for deviations with observables, e.g., xmod
T t

6= xUS
T t

◦ Check for external inconsistencies, e.g., xmod
It

< 0

◦ Redo exercise with A2

t/A
1

t constant



Implied TFPs Relative to Trend
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Alternative with Neutral TFPs
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Results
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GDP per hour
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• Punchline: increase occurs earlier if A2

t/A
1

t constant



Are There Signifi
ant Deviationsin Investment and Consumption?



Total Tangible Investment relative to trend
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• Punchline: model overpredicts fall even if TFPs neutral
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Total Consumption relative to trend
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• Punchline: model predictions similar with neutral TFPs



Do Intangible Investments Look Crazy?



Predicted Business Investments
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• Punchline: model doesn’t predict negative intangibles
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Predicted Business Investments
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• Punchline: what evidence do we have for the US?



Summary of Deviations in Investments

2009–2011 Averages, % Below Trend

Tangible Investment Intangible Inv.
Aggregate Business Business

Model −33 −40 −40

Data −25 −23 {−33,−13}

⇑

{Advertising,R&D}
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Tangible Investment Intangible Inv.
Aggregate Business Business

Model −33 −40 −40

Data −25 −23 {−33,−13}
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{Advertising,R&D}

• In US, tangible decline in range of intangible declines



Summary of Deviations in Investments

2009–2011 Averages, % Below Trend

Tangible Investment Intangible Inv.
Aggregate Business Business

Model −33 −40 −40

Data −25 −23 {−33,−13}

⇑

{Advertising,R&D}

• In model, tangible decline same as intangible decline



Summary of Deviations in Investments

2009–2011 Averages, % Below Trend

Tangible Investment Intangible Inv.
Aggregate Business Business

Model −33 −40 −40

Data −25 −23 {−33,−13}

⇑

{Advertising,R&D}

• But overall, model overpredicts fall in investment



What is the predi
ted fall in output?
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• Punchline: fall in predicted output is about 13%



GDP vs. Total Output
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• Punchline: think of 13% fall as an upper bound



Any Eviden
e for Low TFPs?



Any Eviden
e for Low TFPs? Yes.



Increased Regulatory Costs

• Dramatic changes:

◦ GDP and US employment fell

◦ Federal regulatory spending and employment rose

• Time series look like mirror images...



GDP and Reugulatory Spending
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• Punchline: GDP and spending paths are mirror images



US and Regulatory Employment
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• Punchline: employment paths are mirror images



Conclusion

• US downturn of 2008-2009 and slow recovery

◦ Generated many critiques of standard macro theory

◦ Motivated new friction-packed business cycle theories

• But, if model includes intangible investments

◦ Theory does remarkably well over 2004–2011

◦ Labor productivity puzzle is no longer a puzzle


