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FACTS

Postwar U.S. equipment investment:

1. Low frequency: relative price of equipment has declined,
while equipment to GNP ratio has increased

2. High frequency: negative correlation between detrended
relative price of new equipment and new equipment
investment

Technological advances have made equipment less expensive,
triggering increases in accumulation in the short and long run.
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QUESTION

What is the quantitative role of investment-specific
technological change in U.S. growth?

- Production of capital goods becomes more efficient
- Want to disentangle this form of productivity change from
the traditional Hicks-neutral form

Methodology:

- Vintage capital model in general equilibrium framework
- Characterize BGP and calibrate to NIPA data

- Main finding: investment-specific technological change
accounts for 60% of growth in output per hours worked



MODEL



ENVIRONMENT

Representative agent maximizes expected value of lifetime
utility:

E

ZﬁtU(Ct,ft)]
=0

with: U(c,¢) =60 logc+ (1 —0) log(1—2).

Production of final output requires labor ¢, and two types of
capital, equipment ke and structures ks, according to:

y = ZF(/?Q; kS; [) — Z’?gek?s€1—a9_as

z is total-factor (neutral) productivity



ENVIRONMENT

Output can be consumed, or invested in equipment or
structures:

y=Cc+ le + s
Capital evolution:
I?/S - (1 - 65)[?5 + is

g and z follow Markov processes with average growth rates of
74 and vz, respectively

Government: 7 = 7y(reke + rsRs) + Tewl



INVESTMENT-SPECIFIC TECHNOLOGICAL CHANGE, g

Affects equipment only:

1. Relative price of structures + structures-to-GNP ratio are

stationary
2. Less productivity change in structures than in equipment

Interpretations:

1. Price of producing new equipment % declines over time

2. Each period, a new vintage of equipment is produced,
whose productivity, g, increases over time, while its price

stays fixed

Requires investment in order to affect output, whereas neutral
technological change does not.



EQUILIBRIUM

Aggregate state is A = (s,z,q), where s = (ke, Rs).

A competitive equilibrium is a set of allocation rules ¢ = C(\),
R, = Ke(N), k. = Ks(N), £ = L(\), pricing and transfer functions,
w = W(X), re = Re(A), rs = Rs(X\), 7 = T(A), and an aggregate
law of motion for capital stocks s = S(A) such that:

1. Households and firms optimize (firms make zero profits),
taking as given the aggregate state, prices/transfers, and
the law of motion

2. The economywide resource constraint holds in each
period



BALANCED GROWTH (DETERMINISTIC VERSION)

- zand g follow:
Zi=", Gr=1q
- Growth rates:
- Along a balanced growth path: output, consumption,
investment grow at the same rate g
- But from accumulation equation, equipment grows faster,
at rate ge = gq
- Production function implies g = v,gg°g® = restrictions
on growth rates:

1 ae
T—ae—as . T—ae—as

g=; Yq
- Can transform the problem so that all variables are
stationary
- Can show that a steady state exists in these transformed
variables = balanced growth path in the original model



IMPLICATIONS

- Rental price of equipment is falling along a balanced
growth path:

1 T—ae—as
ks \ % [ ZT-ae=as ¢
ZF1(Re, ks, £) = a </:> (,?)
e e

at rate Wiq
- But real interest rate, zFy(Re, ks, £)g (return from investing a
unit of consumption goods in equipment) stays constant
- Cost of unit of equipment in terms of consumption, % is
also declining at rate viq
- Like the standard neoclassical growth model, we get
constant interest rate, capital/labor shares, etc, plus:
1. Declining price of equipment
2. Faster growth rate of equipment compared to output
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QUANTITATIVE ANALYSIS




DATA

- Interpret U.S. data through this framework to determine
the contributions of the two types of technological change

- Output, consumption, investment in data are measured in
consumption units (like in model): nominal variables from
NIPA divided by consumption deflator

- g: Gordon'’s (1990) equipment price index

n



CALIBRATION

- Need to set: 3,0, ae, s, 0e,05,%g, 9, Thy Tt
~—~ ——

preferences technology tax rates
- Choose them so that balanced growth path is in line with
6 features from the data:
- growth rate of output per capita
- fraction of time spent working
- capital share
- two types of investment to GNP
- after-tax return on capital...

- Use equations characterizing balanced growth to back
these out
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PROCEDURE

- We have a direct observation on g: use this with the
model to impute a series for neutral (residual)
technological change

- Specifically:

- Given data on i, and g, iterate on:

R, = (1= de)ke + ieq

initial k. was set at its balanced growth level given initial y
- This gives us a time series for capital, and using data on ¢
and y, we can back out a series for z from the production
function
- Use balanced growth restriction to determine the
importance of the two components

- Construct their own measure of equipment to adjust BEA's

measure for quality
13
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RESULTS

How does picture of TFP growth change when
investment-specific technological change is incorporated into
the analysis?

1. No strong long-run trend in z
2. Downturn in TFP in the 1970's

- Pickup in g coincides with slowdown in z
- Had we aggregated the two stocks of capital together, the
magnitude of the downturn would not have been as large
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IMPORTANCE OF CAPITAL IN GROWTH ACCOUNTING

production function g? TFP growth per year

y =2zpl no 1.24%
y = z:Ref -2 no 0.71%
y = 2,R3eRZ (1= g 0.68%

y = zRGeRIsf1—e=as  yes 0.39%
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IMPORTANCE OF INVESTMENT-SPECIFIC TECHNOLOGICAL CHANGE

How do the two sources of technological change contribute to
growth in output per hour worked? Use the approximation:

1 e
T—ap—as  T—ap—as

g= Yq

and growth rates: y4 = 3.21,7, = 0.39

- In the data, growth rate of output per hour is 1.24
- With only investment-specific technological change, this

would be 0.77
- With only neutral technological change, this would be 0.56

— 58% from q, 42% from 2z
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CONCLUSIONS

- Data suggest that investment-specific technological
change is important for growth

- Vintage capital model allows for increasing
equipment-to-GNP ratio and declining relative price of
capital goods, while preserving standard features of
neoclassical growth model

- When the BGP is calibrated to U.S. data, they find:

1. Investment-specific technological change accounts for the
major part of growth

2. Productivity slowdown of 1970’s is more dramatic when
technological improvement in the capital goods-producing
sector is taken into account
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