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M OUTLINE OF LECTURES

|. Business cycle accounting: Methods and misunderstandings
Il. Beyond business cycle accounting: Some applications

[1l. Back to methods: Nonlinearities and large state spaces



I. BCA: METHODS AND MISUNDERSTANDINGS



M SOME BACKGROUND

e \Want preliminary data analysis technique

o Goals:
o Isolate promising classes of models/theories/stories
o Guide development of theory

o Avoid critiques of structural VARs



M IDEA OF APPROACH

e Equivalence results:

o Detailed models with frictions observationally equivalent to

o Prototype growth model with time-varying wedges

e Accounting procedure:

o Use theory plus data to measure wedges
o Estimate stochastic process governing expectations
o Feed wedges back one at a time and in combinations

o How much of output, investment, labor accounted for by each?



M PROTOTYPE GROWTH MODEL

e Consumption (c¢), labor (1), investment (x) solve

MaxX{c, 1,2} & Zfio BU (ct, 1)

subject to
ct + (1 + 7oe)xe < (1 — 70)wely + reky + 14

kt_|_1 = (1 — 5)kt + T

e Production: Yt = AtF(kt,’}/tlt)

e Resource: ¢; + g; + x¢ = 4



M PROTOTYPE GROWTH MODEL

e Consumption (c¢), labor (1), investment (x) solve

MaxX{c, 1,2} & Zfio BU (ct, 1)

subject to
ct + (1 + 7oe)xe < (1 — 70)wely + reky + 14

kt_|_1 = (1 — 5)kt + T

e Production: Yt = AtF(kt,’}/tlt)

e Resource: ¢; + g; + x¢ = 4

Note: Time-varying wedges (in red) are not structural



M FIRST-ORDER CONDITIONS OF PROTOTYPE MODEL

e Efficiency wedge:
yr = A F(ky, ’Ytlt)

e Labor wedge:
Uy
Uct

= (1 = 7)) (L — a)ye /1y
e Investment wedge:

(1 4+ 720)Uct = BEUcty1 [0ysa1/kisr + (1 4+ Topa1)(1 — 6)]

e Government consumption wedge:

Ct + Gr + Tt = Yt



M FIRST-ORDER CONDITIONS OF PROTOTYPE MODEL

e Efficiency wedge:
yr = A F(ky, ’Ytlt)

e Labor wedge:
Uy
Uct

= (1= 7)(1 = @)y /1s

e Investment wedge:

(1 4+ 720)Uct = BEUcty1 [0ysa1/kisr + (1 4+ Topa1)(1 — 6)]

e Government consumption wedge:

Ct + Gr + Tt = Yt

Next, consider mappings between this and other models



M MAPPING BETWEEN ORIGINAL AND PROTOTYPE MODELS

1-¢ A

« Sticky wages
* Unions
» Search

« Staggered wages
« Input financing frictions
- Intangible investment

* |Inefficient work

«Agency costs * Sudden stops

1+ 9



M MAPPING BETWEEN ORIGINAL AND PROTOTYPE MODELS

A

« Sticky wages
* Unions

« Staggered wages
« Input financing frictions
vIntangible investment

* |Inefficient work

* Sudden stops



M MODELS WITH INTANGIBLE INVESTMENT

e Detailed economy of McGrattan-Prescott ( “data”):

o Two technologies for producing
— Final goods and services

— New trademarks and patents

o Shocks to both productivities

e Prototype economy:

o To account for “data,” CKM need variation in A, 7
— A variation is (partly) intangible capital movements

— 77 variation is due to mismeasuring productivity



M MODELS WITH INTANGIBLE INVESTMENT

e Detailed economy of McGrattan-Prescott ( “data”):

o Two technologies for producing
— Final goods and services

— New trademarks and patents

o Shocks to both productivities

e Prototype economy:

o To account for “data,” CKM need variation in A, 7
— A variation is (partly) intangible capital movements

— 77 variation is due to mismeasuring productivity

We'll return to this later...



M MEASURING WEDGES

e Stochastic Process for wedges s; = [log A¢, 7, Twt, lOg g¢]

o S¢41 = Po+ Psy + Q41

e Preferences and technology
o Ulc,l) =loge+log(l —1)
o F(k,1) = Ak%117Y

e With data from national accounts
o Fix parameters of technology and preferences

o Compute MLE estimates of Fy, P, )



M RECOVERING WEDGES

e Model decision rules are y(s¢, kt), z(s¢, ki), L(s¢, kt)

o Set:

o y(si, ke) = yP A4
o x(s¢, ki) = xPATA

©) Z(St, kt) = ZPATA

o g(s¢, ki) = gPATA

with k; defined recursively from accumulation equation

e Solve for values of s; = [log A+, Tit, Twt, lOg g¢]

e Inputting these values gives exactly same series as in data



M MAIN RESULT FOR US EPISODES

e |Investment wedge plays small role in
o Great Depression

o Post WWII business cycles

= Implies many existing theories not promising, e.g.,
o Models with agency costs

o Models with collateral constraints



M WEDGES FOR US GREAT DEPRESSION
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M PREDICTED OUTPUT WITHOUT INVESTMENT WEDGE
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M PREDICTED HOURS WITHOUT INVESTMENT WEDGE
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M WEDGES FOR US 1980s RECESSION
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M PREDICTED HOURS WITHOUT INVESTMENT WEDGE
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CHRISTIANO AND DAvIS CRITIQUES OF BCA



M CRITIQUE 1: RESULTS SENSITIVE TO CAPITAL TAX CHOICE

e Original budget constraint with wedge 7,

ct + (1 + 7p)xe < (1 — mp0)wely + reky + T

e Alternative budget constraint with wedge 7+

ct + kip1 — ke < (1 —m)wely + (1 — 73 ) (ry — ) by + T

e Christiano-Davis claim: results sensitive to choice of 7.+, Tt
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M CRITIQUE 1: RESULTS SENSITIVE TO CAPITAL TAX CHOICE

e Original budget constraint with wedge 7,

ct + (1 + 7p)xe < (1 — mp0)wely + reky + T

e Alternative budget constraint with wedge 7+

ct + kiy1 — ke < (1 —m)wely + (1 — 7)) (re — 0) ke + 13
e Christiano-Davis claim: results sensitive to choice of 7.+, Tt

Are they right? No!



M CKM RESPONSE (FED STAFF REPORT 384)

e Theoretically, the two economies are equivalent

e Numerically,

o Can differ slightly if FOCs linearized

o But find tiny difference even with extreme adjustment costs



EM@ NEARLY-EQUIVALENT MODEL PREDICTIONS
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M CKM RESPONSE (FED STAFF REPORT 384)

e Theoretically, the two economies are equivalent

e Numerically,

o Can differ slightly if FOCs linearized

o But find tiny difference even with extreme adjustment costs

e Why did CD find a difference?

o Answer: they didn't fix expectations



M NEED TO KEEP EXPECTATIONS FIXED

o Let s; = [s14, Sot, S3t, Sat] be latent state vector

Si+1 = Po + Psy + Q€11
e In practice, associate wedges with elements of s;:
log A(s%) = s1¢, T1(8%) = s9¢, T (8%) = s34, log g(st) = s44

e For one-wedge contribution, say, of efficiency wedge:

log A(s") = s11, Ti(s") = 71, To(s') = 7o, log g(s') = log g



EM@ NEED THEORETICALLY-CONSISTENT EXPECTATIONS
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M CRITIQUE 2: BCA IGNORES “SPILLOVER EFFECTS”

e CD use VAR approach
o Find financial friction shock important for business cycles

o Argue the finding is inconsistent with BCA results

e CKM use BCA approach

o Find investment wedge plays small role for business cycles

o Argue that CD finding is consistent with BCA results
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M CRITIQUE 2: BCA IGNORES “SPILLOVER EFFECTS”

e CD use VAR approach
o Find financial friction shock important for business cycles

o Argue the finding is inconsistent with BCA results

e CKM use BCA approach

o Find investment wedge plays small role for business cycles

o Argue that CD finding is consistent with BCA results

e How can it be consistent?
o VAR sums effects of a particular shock acting on all wedges

o BCA sums movements in investment wedge due to all shocks



POPULAR ALTERNATIVE TO BCA: STRUCTURAL VARS



M CURRENT PRACTICE: STRUCTURAL VARS

e Provide summaries of facts to guide theorists, e.g.,

o What happens after a technology shock?

o What happens after a monetary shock?

e Impulse responses used to identify promising classes of models, e.g.,

o |If SVAR finds positive technology shock leads to fall in hours

o Points to sticky price models (not RBC models) as promising

e SVARs are used a lot ... but are they useful guides for theory?



M AN EVALUATION OF SVARS USING GROWTH MODEL

Use prototype growth model

Plot theoretical impulse response from model

Generate data from model and apply SVAR procedure

Plot empirical impulse response identified by SVAR procedure

Compare responses



M MAIN FINDINGS FOR SVAR STUDY

e Using growth model with SVAR assumptions met

e Asking, What happens after technology shock?

e Find:
o SVAR procedure does not uncover model’s impulse response
o Having capital in model requires infeasibly many VAR lags

o Earlier equivalence results imply that SVARs are not useful guides



M WHAT YoUu GET FROM SVAR PROCEDURE
e Structural MA

Xt — A()Et -+ Alet—l + AQEt_Q + ... , EEtEQ =>



Z{_{M}E WHAT YoUu GET FROM SVAR PROCEDURE

e Structural MA for e=[‘technology shock’, ‘demand shock’|’

Xt — A()Et -+ Alet—l + AQEt_Q + ... , EEtEQ =

where X; = [A Log labor productivity, (1 — aL)Log hours]’



M WHAT YoUu GET FROM SVAR PROCEDURE

e Structural MA for e=[‘technology shock’, ‘demand shock’|’

Xt — A()Et -+ Alet_l + AQEt_Q + ... 5 EEtEQ =
where X; = [A Log labor productivity, (1 — aL)Log hours]’
e |dentifying assumptions:

o Technology and demand shocks uncorrelated (X = 1)

o Demand shock has no long-run effect on productivity



M IMPULSE RESPONSES AND LONG-RUN RESTRICTION

e Impulse response from structural MA:

Blip ¢ for response of productivity to demand

log(y1/l1) — log(yo/lo) = Ao(1,2)

log(y2/l2) —log(yo/lo) = Ao(1,2) + A1(1,2)

log(y:/1:) — log(.;Jo/lo) = Ao(1,2) + A1(1,2) + ... + A(1,2)

e Long-run restriction:

Demand shock has no long run effect on level of productivity

3% 5 A;(1,2) = 0



M DERIVING STRUCTURAL MA FrROM VAR

e OLS regressions on bivariate VAR: B(L)X; = v;

Xy =B1Xy_1+ B Xy o+ B3 X3+ BsXy—a+v, Evv, =Q



IMI DERIVING STRUCTURAL MA FrROM VAR

e OLS regressions on bivariate VAR: B(L)X; = v;

Xy =B1Xy_1+ B Xy o+ B3 X3+ BsXy—a+v, Evv, =Q

e Invert to get MA: X; = B(L) vy = C(L)vy
Xt = Ut + Clvt—l + CQUt_Q + ...

with C]:Blcj_l—l—BQCj_Q—l——l—Bj, 17=1,2,...



M IDENTIFYING ASSUMPTIONS

e Work from X; = vy + Civp_1 + Covy_o + ..., Evv, = ()
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M IDENTIFYING ASSUMPTIONS

e Work from X; = vy + Civp_1 + Covy_o + ..., Evv, = ()
e Structural MA for e=[‘technology shock’, ‘demand shock’|’
Xt = A()Gt + Alet—l + AQEt_Q + ... , Eétég = >
with Ager = vy, Aj — CjAo, A()EA() =
e |dentifying assumptions determine 7 parameters in Ay, X

o Structural shocks € are orthogonal, > =1

o Demand shocks have no long-run effect on labor productivity

= 7 equations (AoXA,=Q, X =1, ), A4;(1,2) =0)



M Use GROWTH MODEL SATISFYING 3 KEY SVAR ASSUMPTIONS

e Only 2 shocks ( “technology,” “demand”)
e Shocks are orthogonal

e Technology shock has unit root, demand shock does not

This is the best case scenario for SVARs



M SPECIFICATION OF SHOCKS IN THE MODEL

e Technology shock is efficiency wedge A = 21~?

logzy = p, +1log zi—1 + 1yt

e “"Demand” shock is labor wedge

e = (1—p)71 + pTie—1 + Nre

o With 3 key SVAR assumptions imposed
o Only 2 shocks ( “technology,” “demand”)
o Shocks orthogonal (1, 1 n;)

o Technology shock has unit root, demand shock does not



M OUR EvVALUATION OF SVAR PROCEDURE

Use growth model satisfying SVAR's 3 key assumptions

Model has theoretical impulse response

Generate many sequences of data from model

Apply SVAR to these data to get empirical impulse response

Xt = A(L)Et

Compare model impulse responses with SVAR responses



M THREE POSSIBLE PROBLEMS

1. Noninvertibility when a =1

2. Small samples (around 250 quarters)

3. Short lag length

#3 Is quantitatively most important



M THE SHORT LAG LENGTH PROBLEM

e Using
o Quasi-differencing (QDSVAR) to avoid invertibility problem

o 100,000 length sample to avoid small sample problem

. still cannot uncover model’'s impulse response



EM@ THEORETICAL AND EMPIRICAL IMPULSE RESPONSES
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M LoNG AR NEEDED BECAUSE OF CAPITAL

e Capital decision rule, with ky = ki/z_1:

log ki1 = Y log ki + aae + Yo7y

e So others, like [;, have ARMA representation

log lt = Yk log lt—l + ¢z(1 — szL)nzt + ¢7‘(1 - KVTL)Tt

e What does the AR representation, B(L)X; = v, look like?



M MODEL HAS INFINITE-ORDER AR

e Proposition: Model has VAR coefficients B, such that
B;j=MBj; 1, j=>2,

where M has eigenvalues equal to « (the differencing parameter) and

(% — NPk — 9)
1 -6

vk, Vi are coefficients in the capital decision rule

o, ¢; are coefficients in the labor decision rule

e Eigenvalues of M are a and .97 for the baseline parameters



M WHAT HAPPENS WITH TwO FEW LAGS

e From SVAR procedure, want to recover model's:
o Variance-covariance matrix {2,,

o Sum of MA coefficients C,,

e Example: Run VAR with 1 Lag and see what SVAR recovers

o Variance-covariance matrix (with V(X) = EXX'):

Q=Qn +M(Qn —Q,V(X) Q) M

o (Inverse of) sum of MA coefficients:

Cl=Cl+ M —M)*Cpy+ M (Qy — V(X)) V(X)™?

Notice that M is important factor in garbled terms!



EM@ PROBLEMS STILL ARISE IF HOURS IN LEVELS
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M RECAP OF LECTURE I

e BCA is a promising alternative to SVARs
e Statistical methods must be guided by theory

e Empirical "facts” may indeed be fictions



II. BEyonD BCA: SOME APPLICATIONS



M BACKGROUND

e Connecting the dots...
o Hours boomed in 1990s while wages fell

o Very puzzling since
— aggregate TFP was not above trend

— labor taxes were relatively high

= CKM would recover large labor wedge

e This puzzled us for years



M MEANWHILE. ..

e \Working on projects related to
o Stock market boom

o Financial account collapse

e Key factor for both is intangible capital...



M MEANWHILE. ..

e \Working on projects related to
o Stock market boom

o Financial account collapse

e Key factor for both is intangible capital...

. which we later discovered results in a labor wedge



M WHAT IS INTANGIBLE CAPITAL?

e Accumulated know-how from investments in

o R&D
o Software
o Brands

o Organization know-how

that are expensed by firms



US STtocKk MARKET BooM



M STOCK MARKET BoOM

e Value of US corporations doubled between 1960s and 1990s
e We asked,
o Was the stock market overvalued in 19997

o Why did the value double?



M WAS MARKET OVERVALUED IN 19997

e Many concluded it was based on earnings-price (E/P) ratio

e But, E/P is not the return if firm invests in intangible capital

e Needed a way to measure intangible capital



M THREE WAYS TO MEASURE INTANGIBLE CAPITAL

e Residually: V —qKr

e Directly with estimates of:
o Expenditures (R&D-software+ads+org capital)

o Depreciation rates

e Indirectly with estimates of:
o Tangible capital stocks

o NIPA profits = tangible rents + intangible rents

— intangible expenses



INTANGIBLE CAPITAL AND THE STOCK MARKET

e Corporate value = present value of discounted distributions

— value of productive capital

Vi = Z{QT,i,tKT,i,t—l—l + QI,i,tKI,z',t—l—l} + G t K ar p 41

N/ N/

Tangible Plant—specific Global

\ - 7
~~

)

Intangible

where 7 indexes countries

e With only domestic tangible capital, theory fails miserably!



Relative to GDP

M DrAMATIC RISE IN US VALUES, BuT K1+/GDP~ 1
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EM@ DrRAMATIC RISE IN BoTH US AND UK

Relative to GDP
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M THEORY YIELDS SOME SURPRISING RESULTS

e Stock values should have been high in the 1990s and were.
o Values to GDP should have doubled between the 60s and 90s and did

e PE ratios should have doubled over the same period and did



M WHAT DRIVES THE RESULTS?

e Significant changes in prices of capital (¢'s)



M A SIMPLE THEORY

e Preferences:

Zy?io @tU(Cta Et)Nt

e Technologies:
y1+ = f(kirt, kire,zen1¢) 1=corporate, T,|=tangible,intangible
Yot = ["(kat, 2en2t) 2=noncorporate
Yt = F(yl,tvy2,t)
Variables:

¢ = consumption, £ = leisure, N = household size

y = output, k£ = capital, n = labor, 2z = technology



THE U.S. TAX SYSTEM

e and the Corporation:

oo

max E pt{p1,ty1,t — WiN1¢ — T17,t — 11t
=0
— T1e P11 — wina e — Sirkire — Tikkire — @1

- le,tle,t}

e and the Household (no capital gains case):

Zpt{(l + Te)et + Vis (1,641 —51,6) + Vas,i(S2,0401—S2,4) + Votbit1 }
=0

|M8

1—7'dt d1t81t+d2t82t+bt+(1—Tnt)wtntJr/ﬁ?t}



M MAIN THEORETICAL RESULT

Vi =1 —7a) [k1re+1 + (1 — T1¢) k11 t41]

value of corporate equities

tax rate on dividends

tangible corporate capital stock
tax rate on corporate income

intangible corporate capital stock



M MAIN THEORETICAL RESULT

Vi =1 —7a) [k1re+1 + (1 — T1¢) k11 t41]

e Proposition.

o If 74; constant and revenues lump-sum rebated,

o then capital-output ratios independent of 74

Proof. 14 drops out of intertemporal condition

e Corollary. Periods of high 74 have low V /GDP and vice versa



M THEREFORE...

Stock values should have been high in the 1990s and were.

Values to GDP should have doubled between the 60s and 90s and did

Values to GDP should have doubled between the 60s and 90s and did

PE ratios should have doubled over the same period and did



EM@ TAXES—AFFECTING ¢’S—AND INTANGIBLES IMPORTANT

PREDICTED FUNDAMENTAL VALUES
Domestic tangible capital
Domestic intangible capital
Foreign capital

TOTAL RELATIVE TO GDP
PRICE-EARNINGS RATIO

ACTUAL VALUES
Corporate equities
Net corporate debt

TOTAL RELATIVE TO GDP
PRICE-EARNINGS RATIO

1960-69 1998-01

56
23
.09

.88
13.5

90
.04

94
14.5

.84
.35
.38

1.57
27.5

1.58
.03

1.60
28.1



M RECAP OF STOCK MARKET STUDY

e Value of US corporations doubled between 1960s and 1990s
o \We asked,

o Was the stock market overvalued in 19997

o Why did the value double?
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o Was the stock market overvalued in 19997

— by 0.2 GDP (probably not statistically significant)

o Why did the value double?

— effective taxes on corporate distributions fell



M RECAP OF STOCK MARKET STUDY

e Value of US corporations doubled between 1960s and 1990s
o \We asked,

o Was the stock market overvalued in 19997

— by 0.2 GDP (probably not statistically significant)

o Why did the value double?

— effective taxes on corporate distributions fell

e And, we found that intangible capital is important factor



WENT FROM ONE PUZZLE TO THE NEXT...



M OUR ESTIMATE OF FOREIGN CAPITAL VALUE

e Since US multinationals do significant FDI,
o Computed estimate of value

o After the fact, we compared them
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M OUR ESTIMATE OF FOREIGN CAPITAL VALUE

e Since US multinationals do significant FDI,
o Computed estimate of value—not realizing BEA provides one

o After the fact, we compared them

Were the BEA and our estimates close? No!



M STUMBLED UPON ANOTHER PUZZLE

e For US subsidiaries, BEA reports
o Small value for capital abroad

o Large value for profits from abroad
= Large return to DI of US

e For foreign subsidiaries in US, BEA reports
o Small value for capital in US

o Really small value for profits

= Small return to DI in US



EM@ THE RETURN DIFFERENTIAL

e BEA reports for 1982-2006:
o US companies earned 9.4% average returns
o Foreign companies earned 3.2% average returns

on their foreign direct investment abroad



M WHAT COULD ACCOUNT FOR RETURN DIFFERENTIAL?

e Multinationals have large intangible capital stocks
o DI profits include intangible rents (+) less expenses (—)
o DI stocks don't include intangible capital

= BEA returns not equal economic returns

e FDI in US is negligible until late 1970s

= Timing of investments different in US & ROW



M ToO INTERPRET THE DATA

e Need to consider nature of intangibles
o Rival versus nonrival

o Expensed at home versus abroad

e \Want theory that incorporates these



M EXTENSIONS TO NEOCLASSICAL THEORY

e Add two types of intangible capital

1. Rival that is plant-specific (K7;)

2. Nonrival that is firm-specific (M)
e Add locations since technology capital nonrival (V)

e To otherwise standard multi-country DSGE model



M A USEFUL EXAMPLE

e US drug company with employees

o Bob who develops a new drug in NC
o 50 drug reps at 50 US locations

o 2 drug reps at 2 Belgian locations

e Measuring impact of intangibles, need to keep in mind

o Some capital is nonrival, some rival
o Production opportunities vary with country size

o Profits depend on timing of investments and rents



EM@ OUTPUT OF MULTINATIONALS FROM COUNTRY j IN ¢
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M OUTPUT OF MULTINATIONALS FROM COUNTRY j IN ¢

Y/ = Ay (K7 ) (L)oo (K7 ) )0 (NiM?)?
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M OUTPUT OF MULTINATIONALS FROM COUNTRY j IN ¢

Y] = Ai (K7 ,) (L) o = (K] )™ ) oy (N M)

1
J/

\ 7\ 7
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Tangibles Add Kj Add M

A; : country i's TFP
N, : country ¢'s measure of production locations

o; . country ¢'s degree of openness to FDI
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OUTPUT OF MULTINATIONALS FROM COUNTRY j IN 1¢

Y7 = Ay (KJ,) T (L) —om =1 (K7 ) ) 20, (N;M7)?

1

\ . 4

Vo

=77

(2

Add M

3 =12 (0L oy
= Aoy (K7 /L)1 (=9 (N; M)

A; : country i's TFP
N, : country ¢'s measure of production locations
o; . country ¢'s degree of openness to FDI

A7 : multinational 7's measured TEFP in ¢



M OUTPUT OF MULTINATIONALS FROM COUNTRY j IN ¢

Y/ = Ai (K7 ,) (L)) or = (K7 )™ ) oy (NiMY)?

1
J/

\ . 4

_ Add M

A = Y7 /(7)o (L) er)

= Aoy (K7 /L)1 (=9 (N; M)

Next, aggregate over output of all multinationals



M NEW AGGREGATE PRODUCTION FUNCTION

1
i 3 / 1—
Yie = Aith'q?e(Mt +0 Zj;éi M})?Z,, i

o Key results:
o Output per effective person increasing in size

o Greater openness (0;;) yields intangible gains

1
Note: Size = A/~ (eTteDU=9 N

1



USE THEORY TO CONSTRUCT BEA RETURN ON FDI

e Think of d=Dell, f=France

Peont = (1 — Tp,ft) (chgt - WftL?t - 5TKg,ft — Xfi,ft) /Kd ft

yé X«

t ft
=t (L7 0) [0+ (1=@)an] i (1= pe) 25"
Taft T,ft

intangi?)rle rents exp;lses

where r; is actual return on all types of capital



M WHAT WE FIND

e Use model where each investment earns 4.6% on average

e We find average BFEA returns on DI, 1982-2006:
o of US = 7.1% .... BEA reports 9.4%
o in US = 3.1% .... BEA reports 3.2%

= Mismeasurement accounts for over 60% of return gap



M RECAP OF TwO PUZZLES

e In studying stock market boom, needed estimate of foreign capital
e Our estimates turned out to be much larger than BEA's

o BEA returns are not equal to economic returns

o Timing of investments different in US and ROW



M RECAP OF TwO PUZZLES

e In studying stock market boom, needed estimate of foreign capital
e Our estimates turned out to be much larger than BEA's

o BEA returns are not equal to economic returns

o Timing of investments different in US and ROW

e Working on these projects gave us an idea for the 1990s boom



INTANGIBLE CAPITAL AND THE PuzzLING 1990s Boom
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M CONNECTING THE DOTS...

e Previous work points to issue of mismeasurement
o 1990s was a tech boom
o Yet, TFP was not growing fast

o Why? because of large intangible investments in
— Sweat equity

— Corporate R&D



M MODELING THE TECH BooM

e Two key factors:

o Intangible capital that is expensed

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

e |dea: model tech boom as boom in intangible production
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M MODELING THE TECH BooM

e Two key factors:

o Intangible capital that is expensed

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

e |dea: model tech boom as boom in intangible production

= Increased hours in intangible production
Increased intangible investment

Understated growth in measured productivity



M INTUITION

e True productivity

Yt + Gt 1t y Yt
hyt + h:ct hyt + h:ct

= Measured productivity

where
y; = output of final goods and services

q:x+ = output of intangible production
h,: = hours in production of final G&S

h.+ = hours in production of new intangibles



M BEA NATIONAL ACCOUNTS (BEFORE 2013)

NIPA INCOME

NIPA PRODUCT

Capital consumption
Taxes on production
Compensation less sweat
Profits less expensed

Net interest

Personal consumption
Government consumption
Government investment
Private tangible investment

Net exports



EM@I REVISED NATIONAL ACCOUNTS

TOTAL INCOME

TOTAL PRODUCT

Capital consumption
Taxes on production
Compensation less sweat
Profits less expensed

Net interest

Capital gains

Personal consumption
Government consumption
Government investment
Private tangible investment

Net exports

Intangible investment



M REVISED NATIONAL ACCOUNTS

TOTAL INCOME

TOTAL PRODUCT

Capital consumption
Taxes on production
Compensation
Profits

Net interest

Personal consumption
Government consumption
Government investment
Private tangible investment

Net exports

Intangible investment



M EVIDENCE OF THE MECHANISM

e Macro
o Hours boomed, but compensation per hour fell
o GDP rose, but corporate profits fell

o Capital gains high at end of 1990s

e Micro
o Industry R&D boomed
o |IPO gross proceeds boomed

o Average hours boomed selectively



M AVERAGE HOURS BOOMED SELECTIVELY

Hours Per Noninstitutional Population Aged 16-64

Total The Educated in
(1992=100)  Select Occupations’
1992 100.0 10.3
2000 106.5 13.3
% Chg. 6.5 30.0

f Managerial, computational, and financial occupations



M THEORY WITH INTANGIBLES AND NONNEUTRAL TECHNOLOGY

e Household /Business owners solve
max F Z B log ¢; + 1 log(1 — hy)]N;
t=0
subject to
Ct + Try + Q1T = TTtth + rltklt + wtht
—taxes; +transfers, + nonbusiness;

kT,t—i—l — (1 — 5T)th + Ty
kl,t—i—l — (1 — 5[)k1t + Ty

where subscript T'/I denotes tangible/intangible



M TECHNOLOGIES

e Technology 1 — producing goods and services

yy = A'F (kL k., h'Y)

e Technology 2 — producing intangible capital

r, = A°G(k3, k;, h?)

Total intangible stock used in two activities



M Two TYPES OF INTANGIBLE INVESTMENT

e Expensed: capital owners finance x with reduced profits

e Sweat: worker owners finance 1—y with reduced wages

Choice of x has tax implications



M HYPOTHESIS FOR THE 1990S

e Technological change was nonneutral: A%/Al 1
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e Technological change was nonneutral: A%/Al 1
= More hours to intangible sector: h?/h}

= Measured productivity p;’ 74 falls
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X ————
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M HYPOTHESIS FOR THE 1990S

e Technological change was nonneutral: A%/Al 1
= More hours to intangible sector: h?/h}
= Measured productivity p;’ 74 falls

While true productivity p; rises

Ybt  Yvt T qtTrt

PESRT T Tl TRz



M THE LABOR WEDGE

e CKM's labor wedge, 1 — 7y:

14+ 7, h
1—Tlt:¢ +Tt-Ct- t

L —7he yor 1—hy

1 —+ Tet Ct h%

=

h2
— 14+ 2L
-+ h%
qtLrt
Ubt

=1+

which is rising over the 1990s

I —Tht Ynt 1_ht.



QUANTITATIVE PREDICTIONS



M IDENTIFYING TFPS

e Need inputs and outputs of production

o Split of hours and tangible capital in 2 activities

o Magnitude of intangible investment and capital
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M IDENTIFYING TFPS

e Need inputs and outputs of production

o Split of hours and tangible capital in 2 activities

o Magnitude of intangible investment and capital
< Determined by factor price equalization

e Only requires observations on NIPA products and CPS hours



M COMPUTE EQUILIBRIUM PATHS

e Computed both
o Perfect foresight paths
o Stochastic simulations

Results were insensitive to choice

Next, reconsider the prediction of per capita hours



EM@ EQUILIBRIUM PER CAPITA HOURS
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DOWNTURN OF 2008-2009



M DOWNTURN OF 2008-2009

e Many who observed:
o GDP and hours fall significantly

o Labor productivity rise

e Concluded that this time is different



M DOWNTURN OF 2008-2009

e Many who observed:
o Rising credit spreads

o Plummeting asset values

e Concluded financial market disruptions responsible



M BUT, IS THIS TIME DIFFERENT?

e 2008-2009 is “flip side” of 1990s:

o GDP and hours depressed, but booming in '90s

o Labor productivity high, but low in '90s

e In earlier work, found puzzling if abstract from

o Intangible investment that is expensed

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



M APPLICATION OF THEORY TO 2000S

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

o Feed in paths for TFPs and tax rates

o Abstract from financial and labor market disruptions
e Main findings:

o Productivity growth slow-down big part of story

o Aggregate observations in conformity with theory



M APPLICATION OF THEORY TO 2000S

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

o Feed in paths for TFPs and tax rates

o Abstract from financial and labor market disruptions

e Main findings:

o Productivity growth slow-down big part of story

o Aggregate observations in conformity with theory

Is there any empirical evidence?



M BEA COMPREHENSIVE REVISION 2013

e Intellectual property products investment included:
o R&D

o Artistic originals

o Software (first introduced in 1999)

e While much investment still missing, category is large...



M BEA COMPREHENSIVE REVISION 2013

e Private fixed nonresidential investment, 2012
22% Structures
45% Equipment

33% Intellectual property

e Also have data for detailed industrial sectors



M COMPUTER & ELECTRONIC PRODUCTS
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2007 Investment total
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EM@ INFORMATION
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M OTHER MICROEVIDENCE

e SEC requires 10-K reports from public companies
e Have company info on

o R&D expenses

o Advertising expenses

e Data show simultaneous large declines in 2008—2009



M Top 500 ADVERTISERS (COMPUSTAT)

% of Domestic % Decline in
Statistic company total 2008-2009
Ad expenses 96.5 -10.8
R&D expenses 46.6 -16.2
PP&E expenses 27.5 -18.2
Employees 50.2 -2.2

Sales 38.6 -35




M Top 500 R&D SPENDERS (COMPUSTAT)

% of Domestic % Decline in
Statistic company total 2008-2009
Ad expenses 447 -19.6
R&D expenses 92.3 -11.9
PP&E expenses 25.9 -21.7
Employees 24.4 -4 .4

Sales 34.2 -15.3




M STRONG [-O LINKAGES

e Use BEA's 2007 input-output benchmark

e Find 66% of output has intermediate uses from

o Manufacturing (NAICS 31-33)
o Information (NAICS 51)

o Professional and business services (NAICS 54-56)

e And to sectors that do much less intangible investment



M RECAP

e Intangible investments are:

o Expensed for tax purposes

o Only partly measured in GDP

o Estimated to be as large as tangibles
o Correlated with tangibles

o Picked up in typical productivity measures

e And, in our view, worthy of further investigation



M FUTURE RESEARCH NEEDED

e Need full exploration of microevidence for 2008-2009

e Main challenge is using theory to measure the unmeasured



M RECAP OF LECTURE II

Not everything that counts can be counted, and

not everything that can be counted counts.

— ALBERT EINSTEIN



758

II1I. BACK TO METHODS: NONLINEARITIES AND LARGE STATE SPACES



M LECTURES AT THE EUI 1996

e Marimon, R. and A. Scott

Computational Methods for the Study of Dynamic Economaies
Oxford University Press, 1999

“Application of weighted residual methods to dynamic economic models”

e Finite element method has proven useful for:
o Problems with nonlinearities (kinks, discontinuities)

o Problems with large state spaces (exploits sparseness)



M LECTURES AT THE EUI 1996

e Marimon, R. and A. Scott

Computational Methods for the Study of Dynamic Economaies
Oxford University Press, 1999

“Application of weighted residual methods to dynamic economic models”

e Finite element method has proven useful for:
o Problems with nonlinearities (kinks, discontinuities)

o Problems with large state spaces (exploits sparseness)

Today, will describe method in context of Aiyagari & McGrattan



M ATYAGARI-MCGRATTAN (1998)

e Study economies with

o Large number of infinitely-lived households
o Borrowing constraints

o Precautionary savings motives

= Savings decision functions have kinks

Distribution of asset holdings have discontinuities



M ATYAGARI-MCGRATTAN (1998)

e Consumer problem:

(e 2 P (B0 g ) @) /(= o, eo
st. ¢t + (1 +g)arrr < (14 7)ar +wee(1 — 4;) + x
ar > 0
/<1

e; : Markov chain

where after-tax rates w, 7 and transfers x given



M ATYAGARI-MCGRATTAN (1998)

e Consumer problem:

(e 2 P (B0 g ) @) /(= o, eo
st. ¢t + (1 +g)arrr < (14 7)ar +wee(1 — 4;) + x
ar > 0
/<1

e; : Markov chain

where after-tax rates w, 7 and transfers x given

Restrictions on a;, e; = kinks, discontinuities



M LET’S GET RID OF CONSTRAINTS

e Modified objective (3 = (1 + ¢)"(—m);

- At (5?4‘[_77)1_M C .~ 3 . 3 ~
E[ B { - + g(mm(at, 0)° + min(1 — 44, 0) )}\ao, 60]
t=0

e Solve a sequence of problems with ( = 1,10, 100, etc.

e Want: functions ¢(z,1), {(z,i), a(x,i) = @’ that solve FOCs



M REALLY ONLY NEED TO FIND «(z,1)

e c(x,7) from budget constraint given a(z, 1)

e /(x,i) from intratemporal condition given a(x,1)

Note: in case of £ need a robust Newton routine



M BoOILS DOWN TO...

e Find a(x,i) to set R(x,i;a) = 0:

R(z,4;0) = n(1 + ¢)e(0* (x,4; )" M=% (g, 4; o) LM (E=8)
— B+ 9" I w4 el (o, 1), j; o)1

J
(e, 4), ;o) UV 4 Cmin(a(e, §), 0)%),

where c¢*(z,i; ), £*(x,i; ) from static FOCs



M APPLYING THE FINITE ELEMENT METHOD

e Find a*(z,1) to set R(z,i;a") ~ 0

e Steps (for Galerkin variant with linear bases):
1. Partition [0, Zynq4], With subintervals called elements
2. Define o on [z, Tcy1]:

a"(z,9) = Y.Ne(x) + ¢l 1 Nejr1 (@)

we+1_:€ .CC_ZCG

Ne(z) = » Neta(z) =

Tet1 — Te Le+1 — Le
3. Find ¥’s to satisfy

—

= Solve mn nonlinear equations in mn unknowns

F (1) :/R(:C,i;ozh)Ne(:C)dzsz, i=1,....,m, e=1,...



M PRACTICALITIES

e It helps to...
o Adapt the grid to optimally partition the grid
o Compute analytical derivatives dF'/dvy? to get speed

o Exploit sparseness of jacobian matrix



M COMPUTING THE INVARIANT DISTRIBUTION

e Want equilibrium prices r, w

e Need H(x,i1) = Pr(z; < x|e; = e(i)) which solves:

ZT&'J@ a (x,7),5) (x> a0,5)),I(x>y)=1if z >y

e Can again apply FEM to this



M COMPUTING THE INVARIANT DISTRIBUTION

e Want equilibrium prices r, w

e Need H(z,7) = Pr(x:; < x|e; = e(i)) which solves:

ZT&'J@ a (x,7),5) (x> a0,5),I[(x>y)=1if x >y

e Can again apply FEM to this

e How well does it work given the kinks and discontinuities?



M TEST CASES WITH KNOWN SOLUTIONS

e For test of a(x,7) computation, assume labor inelastic and e; = 1
e For test of H(x,47) computation,
o Make up a tractible a(x,%) that

o Generates known invariant distribution



M TESTING afx,1)

e Consumer problem:

max Btu(c
{Ct,at+1} tz:; ( t>

subject to  ¢; + arr1 = (1 +7r)ay +w

e Solution is piecwise linear and analytically computed



M TESTING «a(z,i)-GRID KNOWN
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TESTING «(x,7)—GRID NOT KNOWN
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M TESTING H (x,1)

e Suppose a(x,1) is:

o, i) = max(0,—0.25+z), ifi=1
) =005 + 0.5z, fi=2,

with T,1 = 22 = 0.8.

e Then, it is easy to analytically derive H



TESTING H(x,i1)—EVENLY SPACED GRID
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TESTING H(x,i1)—EVENLY SPACED GRID

0.55
0.5f -
,I
— Exact
0.45 — - Approximate

0.4

0.35

0.3

0.25

0.2

0.15

0.1

0.05

Add more elements (n = 97)



TESTING H(x,i)—NOT EVENLY SPACED GRID
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M FUTURE WORK NEEDED

e \Want to solve problems with time-varying distributions H;



M PARALLEL PROCESSING

e Big change since EUl Lectures in 1996: parallel processing
o Most problems can be parallelized

o OpenMPI simple to use with few changes to existing codes



M RECAP OF LECTURE III

e Since 1996, | have
o Applied FEM to many interesting problems

o Learned to parallelize most of my codes

e But, there is still much to learn!



