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Transcript of Federal Open Market Committee Meeting of
June 26-27, 2001

June 26--Afternoon Session
CHAIRMAN GREENSPAN. Mr. Kos.

MR. KOS. I’ll be referring to the package of colored charts that was
distributed this afternoon.!

U.S. short-term interest rates have continued to decline during the
intermeeting period, reflecting weaker-than-expected economic data and
weak corporate earnings reports. Three-month cash rates fell 33 basis
points since the last meeting and 3-month forward rates declined 31 basis
points. The 3-month deposit rate nine months forward, the yellow line, has
also fallen by a similar amount, but it continues to imply higher interest
rates for the first half of 2002, although I should add that anecdotal
conversations find few people who go along with that expectation. The
exception is the minority of market participants who believe that a sharp
recovery will manifest itself in the second half.

In the middle panel, the euro-area cash rates have been stable since the
Committee’s last meeting. But the 3-month and 9-month forward rates
have been pulled down, as data have come in weaker for the euro area as a
whole and for Germany in particular.

In the bottom panel are three snapshots of the Japanese government
yield curve from three months out to ten years. The three snapshot dates
were March 1%, a few weeks before the change in the Bank of Japan’s
operational target, May 15", and June 25™. At first, the bill sector was
bumping up against the zero axis, but now the short end of the coupon
curve is also being dragged down. And as we speak, all Japanese
government bond maturities out to three years yield 14 basis points or less.

On the next page is an update of a chart that you last saw at the March
meeting. The chart depicts the shape of the yield curve at the short end in
the major economies. The top panel shows the 2-year yield less the central
bank’s short-term policy rate. The bottom panel shows the 2-year swap rate
less the same policy rate. | should note that the policy rates used involve
slightly different maturities; some central banks have an overnight rate,
some a rate with a maturity of as long as two weeks. And the top panel
uses the German 2-year note versus the ECB’s refinancing rate. The
bottom panel uses the euro 2-year swap rate. Whether measured against the
2-year note or the swap rate, we observe fairly sharp inversions by year-end
2000. Since the easings of the past few months by the central banks of the

! Copies of the charts are appended to this transcript. (Appendix 1)
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United States, the euro area, Canada, the United Kingdom, and Japan, the
degree of inversions has lessened, or in some cases turned slightly positive.
In the last few weeks, though, some yield curves have reinverted or seem
headed in that direction.

Turning to the next page, the top panel depicts the 2-year, 10-year, and
30-year U.S. Treasury yields since March 1st. Unlike the flat or inverted
short end of the curve, the coupon curve is steep. The 2- to 30-year spread
has widened another 5 basis points since the last Committee meeting to
about 166 basis points today. The middle panel shows spreads of 10-year
A-rated industrial bonds, the 10-year Fannie Mae benchmark, and the 10-
year swap rate over Treasuries. The spreads, which had been narrowing all
year despite the strong pace of new issues and poor news from the corporate
sector, have begun to widen out ever so slightly in the past couple of weeks.
In the bottom panel, we see the same kind of pattern with respect to the
Merrill Lynch high-yield index and the EMBI+ spreads. Again, most of
that widening has occurred in the past couple of weeks.

Now, given the large amount of issuance by the corporate sector,
perhaps it’s not surprising that the market is digesting somewhat and that
spreads are backing up a bit. An alternative hypothesis suggests that a bit
of risk aversion might be setting in, as some market participants may be
having second thoughts about the appropriate level of spreads if the timing
of the recovery is being pushed out.

The top panel of the next page has the major U.S. equity indices
indexed to April 17", the day before the FOMC’s intermeeting move. As
we can see, equities appreciated sharply in the weeks after that move, then
went sideways for a while, but actually have fallen from their late-May
levels by between 5 and 10 percent, as corporate earnings
preannouncements have been largely negative.

The middle panel shows a similar, if more pronounced, pattern to the
downside for major foreign indices. And, in fact, today European markets
were down another 2 percent on average. Perhaps there, too, we’re
witnessing some signs of risk aversion over the past few weeks, as
corporate and economic forecasts were being revised down. However, if
we saw pronounced risk aversion, then we might also expect to see an
uptick in implied volatilities on equity indices. But as the bottom panel
shows, the implied volatility on the S&P 100 futures, also known as the
VIX Index, has actually been trending lower and the absolute level is
toward the lower end of its observed historical range.

Turning to the next page, let me say a word on the euro-dollar
exchange rate. The top panel depicts that rate since the launch of the euro
in January of 1999. The middle panel charts the differentials between the
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U.S. and euro rates for 3-month deposits, the 2-year swap, and the 10-year
swap. We observe the sharp narrowing during that time in the euro’s favor.
But I would note that the 10-year swap spread stopped narrowing in
January, just as the latest bout of euro weakness reasserted itself, and that
spread still favors the dollar by about 60 basis points.

The bottom panel has 1- and 12-month implied volatilities of the euro-
dollar exchange rate for that same period. | would make two points. First,
volatilities have drifted higher for almost the whole two-year period after
the euro’s launch, as the euro depreciated and as most traders and analysts
were certain that the euro would and should rise. Second, volatilities have
actually been falling during this most recent period of euro weakness. The
bearish view accounting for this change in behavior is that the market is no
longer fighting euro weakness and has become comfortable with the euro
trading in the mid- to high 80s. The bullish view is that perhaps positions
that needed to be insured by options have been reduced. Now, if the
weaker longs are out and hence the overhang of long euro positions has
been flushed out of the market, then ironically that may suggest that the
euro might finally begin to rise. Time will tell.

Turning to the last page and a word about reserves, the top panel
graphs our forecast for currency growth for the rest of 2001. As of the May
FOMC meeting, we were still forecasting 5 percent currency growth for the
remainder of 2001, consistent with the relatively slow growth we saw in
2000. Since that meeting we have adjusted expected currency growth to 7
percent to reflect the faster growth observed in the most recent months and
also our anticipation that currency growth may revert toward the pace that
we had seen before last year.

The bottom panel shows the implications of this change for our
operations. This chart is an updated version of one you saw at the last
meeting, outlining the expected net growth of SOMA, shown by the blue
bars, and our total purchases of securities required to offset redemptions--if
the entire need were met by outright purchases--shown by the gray bars.
We at the Desk expect to rely mostly on outright purchases to meet these
reserve needs, but I am a little reluctant to rely solely on outright purchases
given our already hefty presence in the market. To some degree we will
benefit, though very slightly, from the Treasury’s introduction of a four-
week Treasury bill, which is expected in mid-July or August. We plan to
participate in the auctions for those bills and we will also look to expand
modestly the long-term repo book, which has been at $12 billion recently.

Let me mention two other items if I may, Mr. Chairman. Two memos
were circulated to the Committee last week. The first is a note regarding a
technical adjustment to our collateral pool as it relates to Sallie Mae debt.
The second memo, from Don Kohn and myself, provided an update on the
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work that’s being done on the SOMA assets study and I’d like to make two
points about that second memao. First, there is a group of people
researching the possibility of adding Ginnie Mae debt to the list of assets
that we buy, and we hope to provide an update on that issue at the August
meeting of this Committee. There was also a typo in the cover note that |
wanted to correct. Second, with respect to municipal debt and foreign
sovereign debt, as the memo indicates, we have looked at both possibilities.
The municipal debt does not seem to show promise for our operational
needs, while the foreign sovereign debt has some potential. We would like
to explore the latter possibility further, but at the same time--with the
Committee’s concurrence--cease further work on municipal debt.

Mr. Chairman, there were no foreign operations in this period. | will
need a vote to ratify our domestic operations. And I’d be happy to answer
any questions.

CHAIRMAN GREENSPAN. Questions for Dino?
MR. JORDAN. Does your currency forecast make any explicit assumption about
currency demand as we head toward the end of the year and the launch of the euro as the

currency in Europe?

MR. KOS. Not explicitly. Some noise may be created so it may have some effect.
But we think it’s likely to be very small, or at least that’s the assumption embedded in the
forecast.

MR. JORDAN. Well, there has been some anecdotal speculation that the countries
that are outside the euro area--where very large amounts of deutschemarks are held and no
provisions have been made for conversion--may find alternatives in either Federal Reserve notes
or travelers checks or something, at least temporarily. 1’ve been told that the price of jewelry, of
diamonds and so forth, is really skyrocketing in Europe. But the word is that large amounts of

Federal Reserve notes also are being used again.
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MR. KOS. It’s possible that we may see that effect, but it’s very hard to measure and
to forecast so we have not really included it in our projections. Sandy, do you have anything to
add?

MS. KRIEGER. To the extent that we have seen a slowdown in the reflow of cash
from abroad, it has been incorporated in the forecast. But we didn’t build in an explicit addition
to growth related to the euro. Our analysts are following the pattern of foreign currency demand,
but they haven’t added anything extra, in terms of it escalating as the year goes on, because we
don’t really know how much to put in.

MR. KOS. If that did happen, that would make the Desk’s burden even bigger.

MR. KOHN. The data I remember seeing through April--1 don’t know that we have
shipments data through May--from several large banks that specialize in this kind of activity did
not show any pickup in net shipments to any of these countries. We looked specifically for that.
Now it’s very early before the launch of the euro currency, and the anecdotal stories are already
starting. Nevertheless, we couldn’t really see any evidence of that in the shipments data.

VICE CHAIRMAN MCDONOUGH. Well, the anecdotes were all over the place by
April and May. So the fact that the shipments didn’t in fact increase would suggest that the
anecdotal reports are a little exaggerated.

CHAIRMAN GREENSPAN. President Poole.

MR. POOLE. On page 4, in the panel showing the VIX index, as | understand it
there’s some seasonality in that index--or at least | heard some market commentary to that effect.
Do you have any idea what is normal for the summer? It’s usually lower in the summer, as |
understand it. Secondly, is that just a 30-day volatility? If so, it doesn’t look very far into the

future.
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MR. KOS. That’s right. I’m not familiar with the seasonal characteristics of this
index, but the pattern we have seen is that it tends to run between the low 20s--perhaps the high
teens--and the low 40s. So on an absolute level, it’s fairly low, and | think it’s interesting to note
that the trend has been heading downward. | don’t want to make too much of it, but if one were
thinking that risk aversion was setting in, one might point to this as an indicator going the other
way.

MR. POOLE. Yes, | understood that was the reason you put it in there. But my
question had to do with its normal seasonal pattern. So before we reach a conclusion about what
that index suggests, | think we better know what the usual seasonality is. | don’t know the
answer to that.

MR. KOS. Again, there may be some seasonal there. | don’t know that it’s so
pronounced that it would affect the index in a meaningful way.

MR. POOLE. I don’t know one way or the other either. Okay, thank you.

CHAIRMAN GREENSPAN. Further questions for Dino? | assume there are no
objections to his request to go forward in the manner he described relevant to municipal and
foreign issues. If I hear none, | assume that it’s perfectly fine.

VICE CHAIRMAN MCDONOUGH. Mr. Chairman, | move approval of the domestic
operations.

CHAIRMAN GREENSPAN. Without objection, they are approved. We now go to a
series of very interesting studies on the issue of productivity. Dan, will you be starting it off?

MR. SICHEL. Yes. Thank you, Mr. Chairman. In response to the

wishes of the Committee for a discussion of productivity developments, the
staff will be presenting three briefings this afternoon. Sandy Struckmeyer
and I will discuss the staff’s view on structural productivity and potential

output. Jeff Fuhrer will present the perspective of the Federal Reserve Bank
of Boston, and Charlie Steindel will discuss the productivity slowdown of the
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late 1960s and early 1970s. We will be referring to the materials labeled
“Staff Briefings on Productivity Developments.™

The performance of the U.S. economy in the second half of the 1990s was
nothing short of remarkable. One of the key factors driving this economic
resurgence was the substantial acceleration in labor productivity, following
nearly a quarter century of sluggish growth. As can be seen in the upper left
panel of chart 1, the average growth rate of labor productivity picked up from
1.5 percent in the period from the early 1970s through 1995 to 2.8 percent
since then. As seen at the right, the growth rate of labor productivity has
tended to rise since 1995, although more recently it has dropped back as the
economy has slowed and as a retrenchment has taken hold in the tech sector.
This briefing reviews what we know about the causes of the resurgence in the
second half of the 1990s and, given the most recent developments, assesses
how much of that pickup is likely to persist.

As highlighted by the bullets in the lower panel, we first explore the
sources of the pickup, examining how much resulted from more rapid capital
accumulation and how much from a quickening of the pace of technological
progress. We focus particularly on the role played by information
technology. To assess the sources of the pickup, we use a traditional growth
accounting framework, relying primarily on the multifactor productivity data
produced by the BLS. Following that discussion, we then turn to the question
of how much of the recent productivity growth is cyclical and how much is
structural. Finally, given today’s economic situation, we discuss the outlook
for structural labor productivity and potential output.

The upper panel of chart 2 lays out a simplified version of the standard
neoclassical growth accounting framework that we use--a framework that was
developed by Robert Solow and Edward Denison in the 1950s and 1960s. As
shown in equation 1--where dots over variables indicate growth rates--this
approach expresses growth in output (designated Q) as a weighted average of
the growth rates of the inputs. The two inputs included in the equation are
capital services (labeled K) and labor hours (shown as L). In thisexpression,
the growth rate of each input is multiplied by its income share--denoted by s
for the income share of capital and (1-s) for labor’s share. The portion of
output growth not attributable to growth in inputs is the multifactor
productivity residual (labeled MFP); it also has been called total factor
productivity. It is a catch-all for technological or organizational
improvements that increase output for a given amount of input.

Equation 2 decomposes growth in labor productivity (labeled LP). In
this decomposition, growth in labor productivity reflects increases in the
amount of capital per hour worked (referred to as capital deepening) and MFP

2 Copies of this material are appended to this transcript. (Appendix 2)
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growth. In our empirical implementation of these equations, we also include
a term that accounts for changes in labor composition; that is, for the effects
of changes in the experience, gender, and educational attainment of the
workforce—factors that might affect labor productivity.

Before getting to the numbers, the lower panel lays out some of the key
strengths and weaknesses of the growth accounting framework. One strength
of the growth accounting approach is that it is based on the microeconomic
theory of the firm, applied to the overall economy. In addition, the approach
is straightforward and intuitive, representing output growth as a simple
weighted average of the growth of inputs. And, it is a rich approach that can
help to identify the sources of growth in a period of structural change.

A weakness of the growth accounting approach is that it requires several
strong assumptions about how the economy functions. For example, the
approach assumes that markets are competitive and always in equilibrium. In
addition, as typically implemented, the growth accounting approach assumes
that capital becomes productive as soon as it is installed. This assumption
seems reasonable for some types of assets, such as personal computers, but
probably is not reasonable for certain types of complex infrastructure--such as
communications networks--where elements put in place now may not be
brought on line for a number of years. Also, a full implementation of this
framework imposes heavy data requirements, raising the possibility of
measurement error. Finally, this approach ignores the costs of adjusting
capital stocks. For small changes, this assumption probably does not matter
much, but supply shocks that induce significant changes in production
technologies or relative prices--such as large energy price shocks--may cause
the model to go off track. Despite these limitations, this framework has been
a mainstay of growth analysis for many years, reflecting the widespread view
that it generates numbers that are sensible.

Our empirical implementation of growth accounting is the subject of
your next chart. We start with the multifactor productivity data set put
together by the BLS, focusing on the nonfarm business sector. The output
measure--which is based on the National Income and Product Accounts--is
real GDP in the nonfarm business sector, and the measure of labor hours is
based on the series for hours of all persons published by the BLS. For
capital, BLS uses the concept of capital services, which I will describe in a
minute. As indicated in the second bullet, the BLS uses these measures of
output, capital, labor, and labor composition to calculate MFP as a residual
using a growth accounting framework similar to equation 1.

Currently, BLS has published MFP only through 1999. To extend these
data to 2000, we use published information on output and hours, and we
construct a figure for capital services using published data on investment.
Because we translate investment to capital services at a higher level of
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aggregation than will the BLS when they estimate MFP for 2000, there is an
extra element of uncertainty surrounding our numbers for 2000. To generate
quarterly numbers that can tie into our Greenbook forecast, we then
interpolate the BLS annual numbers for output, hours, capital services, and
labor composition. From these numbers, we calculate quarterly estimates of
MFP growth.

The middle panel describes the capital services concept used by the BLS.
Growth in capital services (denoted by Ky) is a weighted average of the
growth in individual capital stocks. These individual stocks are denoted Kj;,
where the subscript i indexes the different types of capital. The weight for
each asset (the “w’s) reflects the marginal product, or relative efficiency, of a
particular asset. The weights differ primarily because of differences in the
useful lives of each asset. For example, a unit of computer capital has a short
useful life and likely will be scrapped after only a few years. Because the
cost of the computer is amortized over a very short period of time, it has a
high marginal product and gets a high weight. In effect, the service flow
from a unit of this capital must be large enough to cover the costs of rapid
obsolescence. In contrast, a unit of office building capital--which has quite a
long useful life--generates a smaller service flow in a year and gets a smaller
weight because the costs of the asset can be amortized over many years.

Using the growth-accounting framework and the data I just described,
the lower panel decomposes the growth of actual labor productivity growth
for selected periods. The decomposition shown is quite similar to that
reported in a series of research papers, including work by Steve Oliner and
myself and by Dale Jorgenson and Kevin Stiroh. The first two columns
compare the period of relatively sluggish productivity growth from 1973 to
1995 to the resurgence period from 1995 to 2000; the third column shows the
acceleration between the two periods. As can be seen on line 1, the rate of
increase in actual labor productivity rose from 1.5 percent per year to 2.8
percent per year--an acceleration of 1.3 percentage points. This pickup
reflected larger contributions from capital deepening (line 2), which stepped
up 0.5 percentage point per year. MFP growth (line 6) accounted for the rest
of the pickup. By these numbers, capital deepening accounted for a bit less
than half of the pickup in labor productivity growth.

Because of our interest in information technology, we extend the system
to split the capital deepening term into the portion related to IT capital--
including computer hardware, software, and communications equipment--and
to all other business capital. And, we also split MFP growth into the portion
coming from the production of computers and related semiconductors and the
portion coming from all other sectors. To do this, we use information on
relative prices and shares of these high-tech products to estimate the MFP
contribution related to their production.
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As can be seen by comparing lines 2 and 3, greater use of IT equipment
and software more than accounted for the rise in capital deepening.
Moreover, MFP growth arising from the production of computers and the
semiconductors that go into them (line 7) accounted for a noticeable chunk of
the step-up in MFP growth, even though these sectors represent a small share
of total output. Taken together, the use of IT--represented by the IT capital
deepening numbers on line 3--and the MFP gains associated with the
production of IT (shown on line 7) accounted for 1 percentage point of the
1.3 percentage point resurgence in labor productivity growth in the second
half of the 1990s.

Some analysts, most notably Robert Gordon, have argued that the pickup
in MFP growth was concentrated in the production of IT, and, indeed, those
sectors made a sizable contribution to the step-up in MFP growth. However,
as line 8 indicates, the sectors outside of the production of IT contributed 0.4
percentage point more to MFP growth in the second part of the decade than in
the first. Although some portion of this pickup likely was cyclical, these
numbers indicate that this broader sector of the economy also enjoyed a
resurgence of actual MFP growth from 1995 to 2000.

Sandy Struckmeyer will now continue our presentation.

MR. STRUCKMEYER. Dan has described the data that we use in our
analysis of the supply side of the economy. | will outline our methods for
estimating the rate of growth of structural productivity and potential output.
Referring to the top of chart 4, the starting point for our analysis is the simple
observation that the growth of labor productivity is procyclical. Labor
productivity typically rises rapidly during the recovery phase of the business
cycle, slows down in the expansion phase, and declines during recessions.
For many purposes in economic analysis, it is essential to abstract from these
short-run swings and focus instead on the underlying rate of increase in
productivity. For example, firms may base their pricing decisions on
“normal” unit costs that correct for short-run cyclical variation in
productivity, or households may base their consumption on their perceptions
of their permanent income, which arguably reflect their views of the long-run
growth in their real incomes and hence the trend in productivity.

Thus, for our medium- to long-run analysis, we define structural
productivity growth as the component of productivity growth that can be
sustained over a complete business cycle. It has also been called “trend”
productivity growth or “cyclically adjusted” productivity growth by other
researchers. Its determinants are the same as those Dan described except that
estimates are made of the structural contributions of each of its components--
with one important exception. We do not distinguish between actual and
structural growth in capital services. Although business investment clearly
fluctuates over the business cycle, in our view the actual path for investment--
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and hence the actual growth in individual industry capital stocks and services-
-best captures the resources available to produce goods and services at any
point in time. We also do not adjust for changes in the workweek of capital
in our measure of the growth of capital services. Such an adjustment could
be made for manufacturing industries, but it would be much more
problematic in the trade and service sectors.

Given these assumptions, the critical part of our analysis is the estimation
of structural MFP. Initial estimates of structural MFP growth are generated
using several econometric models. These estimates are refined using other
information about technological developments and supply shocks (such as
increases in energy prices) that influence the choice of production
technologies. The black line in the middle panel of the chart shows actual
MFP growth. If all of the recent pickup were judged to be permanent, this
series might be viewed as an upper bound on structural MFP growth. The
staff’s estimate of structural MFP growth is shown in red. Beginning in
1991, it moves up in discrete steps to a 1.2 percent growth rate in the post-
1998 period.

We put together the pieces of structural productivity growth in the table
in the lower panel. As you can see on line 1, structural productivity grew
slowly over the 1973 to 1995 period but accelerated markedly after 1995,
reaching 3.2 percent last year by our estimates. A significant part of this step-
up can be attributed to the boom in investment spending over that period that
substantially raised the contribution from capital deepening (line 2). But the
rise in structural MFP (shown on line 4) also is an important part of the story.

Your next chart presents our estimates of potential output growth over
history and our projections through 2002. By our definition, potential output
is the level of real GDP that could be produced with existing plant and
equipment when the unemployment rate is equal to the NAIRU. Potential
output growth is estimated as the sum of potential labor hours and structural
labor productivity. As shown on lines 2 through 6, the primary determinant
of potential labor hours is growth in the civilian population. However, it also
incorporates shifts over time in labor force participation, the employment
rate, and the average workweek. For example, the increase in labor force
participation over the 1973 to 1995 period is estimated to have boosted
potential output growth by almost % percentage point per year, but this was
partially offset by a lessening in the average number of hours worked each
week (line 6). Movements in the NAIRU also affect our estimates of
potential output growth through the potential employment rate shown on line
5; a decline in the NAIRU increases the quantity of labor employed at full
employment, raising the potential employment rate. By our estimates, the
decline in the NAIRU over the 1995 to 2000 period contributed an extra 0.1
percentage point per year, on average, to the growth of potential output over
that period.
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Our forecast for potential output growth is shown on the right-hand side
of the table. We project potential real GDP to increase 3.4 percent in 2001
and 2002--much more slowly than in recent years--owing to less rapid growth
in structural labor productivity (line 7) and potential labor hours (line 2). The
anticipated slowdown in the growth of potential labor hours reflects the
updrift in the staff’s estimate of the NAIRU (line 12), which pushes down the
potential employment rate (line 5) in both years.

The contribution from capital deepening to structural productivity
growth (shown on line 8) also is expected to drop back, given our Greenbook
forecast of a decline in business investment this year and only modest growth
in 2002. As you will recall, we began linking our estimates of capital
deepening to the projected Greenbook path for investment last summer. We
felt that such a direct link would help to ensure consistency between our
estimates of the supply side of the economy and our outlook for investment.
At the time, Dave Stockton predicted that this would make our forecast for
potential output growth much more variable than in the past--certainly one of
Dave’s best forecasts of the past year! [Laughter] But, given the wide
fluctuations in capital spending since early 2000, we believe this approach
has helped us to better monitor and better understand supply-side
developments and their implications for our forecasts of economic activity
and inflation.

In contrast to the smaller contribution from capital deepening, we expect
structural MFP (line 10) to continue to grow at the 1-1/4 percent pace that we
estimate has prevailed since 1998. Despite the economic weakness this year,
businesses reportedly are proceeding with plans to use information
technologies to streamline the ways they deal with their customers and
suppliers. A recent survey of planned research and development expenditures
also suggests that MFP growth will remain strong. As shown in the lower left
panel, the Battelle Institute reports that R&D expenditures will increase
another 3-1/4 percent in real terms in 2001, after growth of  5-3/4 percent
per year from 1995 to 2000. This finding is consistent with statements from
many high-tech firms that, despite cutbacks in other parts of their budgets,
spending for R&D is key to their long-run financial success and will not be
scaled back.

The lower right panel of the chart illustrates one possible stress test of
our estimates of structural productivity growth and potential output: Okun’s
law. Okun’s law has proven to be one of the most reliable methods for
forecasting the unemployment rate. Using our estimates of the NAIRU and
potential output, we estimate a version of Okun’s law (specified in levels)
through 1994 and then perform a dynamic, out-of-sample simulation from
1995 through the first quarter of 2001. If our estimates of potential output
growth are too high, we would expect Okun’s law to over-predict the
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unemployment rate; conversely, if we are too pessimistic about potential, the
model will underpredict. As you can see, with our estimate of potential
output growth, Okun’s law tracks the movements in the unemployment rate
fairly closely over this period. This gives us some confidence that our
estimates are not too far off the mark.

Jeff Fuhrer will now continue the presentation.

MR. FUHRER. I’d like to begin by thanking Don Kohn and Sandy
Struckmeyer for inviting the Boston Fed to give its perhaps aberrant views on
productivity developments.

I’d also like to start off by emphasizing that | am a productivity
optimist. | believe that the creation, adoption, and adaptation of new
technologies over the past twenty years has increased the efficiency with
which the economy produces a wide variety of goods and services. As you
know, this process, while inherently a surge in the level of productivity, is
ongoing and gradual, and has thus been manifested in a notable rise in the
average growth rate of productivity. The process continues today; | am
optimistic not just about the past, but about the future growth of productivity.

| want to take a minute today to raise a few questions--in particular,
quantitatively: how much optimism is warranted, and with how much
precision can we quantify it? Second, how much weight should we put on the
most recent observations in estimating trend productivity growth? And
finally, how much more difficult does the strong complementarity of
computer hardware and software make our attempts to measure the capital
services that derive from them?

To anticipate my answers to these questions, | believe that:

(1) statistically, it is difficult to justify long-run productivity growth
much in excess of 2.5 percent or so;

(2) how much weight to put on the most recent observations is largely
a matter of judgment, not statistics; and

(3) the interactions between computer hardware and software make
inferences about capital services especially difficult and subject to more than
the normal degree of uncertainty, which is large to begin with.

To put my cards on the table, | estimate that we currently enjoy a 2.5
percent trend rate of productivity growth and will likely continue at a rate
near that for the next 5 to 10 years. Reassuringly, as of the June Greenbook,
the Board staff and | have converged on the same near-term estimate. My
basis for this long-run assessment is that network and telecommunications
technologies are still evolving, and their improvement, adaptation, and
gradual adoption will likely add to productivity over the next decade. My
estimate of current and near-term productivity growth is derived, as is the
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Board staff’s, from a variety of techniques including direct trend estimation,
inference from Okun’s law relationships, and growth accounting. All of these
involve a good measure of judgment.

To begin, 1’d like to take a very simple look at aggregate productivity
data. Turning to the next page of our briefing materials, the top panel of
figure 1 displays the distribution of quarterly productivity growth rates over
the past 6 years. | chose this period because many have dated the shift in
productivity growth to early 1995, and I will provide evidence corroborating
that date in a moment. What do | see in this simple picture?

First, there are only 25 quarterly numbers in this plot. That is not
much data from which to infer a trend shift. As a necessary consequence, we
cannot say with much certainty whether a shift has occurred, and if so, how
large the shift is. Again, | believe a shift upward to about 2.5 percent growth
has occurred. But | could not rule out the Board staff’s earlier, more
optimistic estimates, nor could I rule out the possibility that recent
productivity surges will prove largely transitory.

The second observation to make from the figure is that the 25 quarters
fall more than 2 to 1 in growth rates below 3.5 percent. The average growth
rate during the period is about 2.5 percent.

Turning to the bottom panel of figure 1, it is not the case that higher
growth rates tend to be clustered in the more recent years or that lower
growth rates are clustered in the early portion of the sample. This panel uses
the same color-coding by growth range as the upper panel, from slow growth
(dark blue) to rapid (red). As the lower panel indicates, slow and moderately
rapid growth rates are fairly evenly distributed across the six years. This time
distribution of growth rates suggests that, while the average growth rate has
likely shifted up, the basis for an ongoing acceleration in productivity is not
as immediately evident.

Nonetheless, the three highest growth rates in this period occurred
relatively recently, in the third and fourth quarters of 1999 and the second
quarter of 2000. As a result, the rate of productivity growth for the four
quarters ending in the 2" quarter of 2000 was an astonishing 5.3 percent. If
evidence of further acceleration is to be found, it is in the fairly short and
recent period from mid-1999 through mid-2000.

More formal statistical tests for productivity trend shifts confirm the
insights from this simple analysis. Figure 2 presents results of tests for a shift
in the productivity trend allowing for multiple unknown breakpoints. This test
looks for breakpoints over a given sample while remaining completely
agnostic about the location of the breakpoints. It’s important to note that,
owing to restrictions from statistical theory, this procedure does not allow
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breakpoints too frequently, say every two or three years, or breaks too close
to the beginning or end of the sample. But I think that’s actually a good
thing: determining frequent or recent breaks in trends is a matter for
judgment, not statistics.

The actual quarterly growth in nonfarm business productivity is
shown in the gray bars in the figure. The red line depicts the estimated trend
productivity growth rates for the sub-periods defined by the breakpoints. The
figure suggests the following:

The simplest test, shown in the top panel, finds a shift in trend
productivity growth in early 1995. The estimated growth rate from 1995 to
2001 is 2.4 percent.

In the middle panel, | add to the breakpoint test regressors that attempt
to control for “cyclical” effects on productivity growth--rapid, unmeasured
increases in labor effort during spurts of high demand, for example. While
these cyclical effects are indeed significant in explaining some of the
quarterly fluctuations in productivity, they do not materially alter the
estimates of the recent trend growth rate from the top panel.

In the bottom panel, the growth in capital services per hour--the
“capital deepening” variable of choice--is added to the test regression. The
addition of this variable virtually eliminates any recent shifts in trend
productivity. That is, after controlling for capital deepening, average
productivity growth since the mid-1990s is roughly equal to the average for
the dozen years before that.

This last result suggests that multifactor productivity growth, which
accounts for the bulk of labor productivity after excluding the effects of
capital deepening, has grown at a healthy pace over the past decade or more -
-about a percentage point faster than in the dismal *70s and early ’80s.
However, this method provides little evidence of a more recent increase in
trend multifactor productivity growth. Sustained increases in productivity
must ultimately be supported by multifactor productivity growth--that is, by
technological progress. With steady technological progress, we can
continuously add new machines that embody the latest technology without
suffering diminishing returns. | believe that this process of embodied-
technology-driven investment was at the heart of the capital deepening in the
late 1990s and may well drive additional capital deepening when we recover
from the current slowdown. But once again, an acceleration in productivity
which arises from an increase in the rate of growth of multifactor productivity
is hard to justify using this methodology.

In discussing Figure 1, I noted that the evidence for a more rapid
increase in productivity growth lies in a few key observations between mid-
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1999 and mid-2000. This leads naturally to the question: In assessing
changes in productivity growth, how much weight should one put on the
recent past? As | suggested, this is largely a matter of judgment, not statistics
or economic theory. Your next chart (figure 3) displays the evolution of the
Board staff’s estimates of structural productivity growth over the past six
years. As the chart indicates, as recently as mid-1997, the Board staff had
estimated structural productivity growth, shown in the black dotted lines, at
below 1 percent, which looks quite pessimistic by today’s standards. To be
sure, some of this pessimism arose from the less robust growth evident in the
unrevised, real-time data shown in the light gray line.

As of September 1999, the Board estimated trend growth for 2001
(the bold red line at the right) at 2.3 percent. From that point, their estimate
rose dramatically, increasing almost 1.5 percentage points in less than 12
months, echoing actual productivity performance in 1999 and early 2000.
Since August of 2000, the Board’s forecast for structural productivity growth
for 2001 has fallen almost 1.2 percentage points, just as actual productivity
growth has slowed. In the interest of full disclosure, | should note that | was
probably too slow to revise my estimates of productivity growth upward. In
May of 1998 | estimated structural productivity growth at 1.3 percent; in June
of 1999 my estimate was at 1.75 percent; and only by September of 2000 had
| raised my estimate to 2.5 percent, where it stands now.

Of course, the Board staff’s rising and falling estimates arise through
the link between the staff’s investment forecast and its computation of capital
services per hour. Rapid investment implies larger net additions to the capital
stock, a larger flow of capital services from that stock, and more capital
services per hour. While this methodology has a sound theoretical basis, our
judgment is that it has produced large and rapid swings in structural
productivity that may stretch many people’s notion of “structural.” | offer two
reasons for smoothing through some of these recent bursts of productivity:
First, it is conceivable that much of the investment in 1999/2000 was Y 2K-
related computer investment--or just generic over-investment--that didn’t
deliver much in the way of additional capital services. Second, we think it
likely that a good portion of both the unusually high productivity numbers
and the very recent lower ones reflects unmeasured variations in effort, rather
than changes in underlying productivity. Not all hours of work yield the
same effective input. It is likely that workers can increase effort per hour for
short periods of time when demand is high. These unmeasured changes in the
intensity of effort may have allowed temporary, unsustainable increases in
output without structural productivity increases.

Finally, I’d like to raise a conceptual question about how well our
productivity accounting systems capture the joint contribution of computing
equipment and software to capital services per worker. In essence, my
concern boils down to the possibility that we may have over-adjusted
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computer prices for quality improvements, thus over-estimating their
contribution to real output and productivity. No doubt the rapid declines in
hardware prices approximate the increased processor speed and storage
capacity of new computer models. However, it may not be the case that these
increases in hardware capability accurately reflect the increased functionality
provided to businesses by the combined hardware-software bundle.

Hardware often advances just enough to make it possible to run the latest
software. Here | have in mind, for example, the “killer apps” reference in the
staff memo on capital overhang--killer applications that require new hardware
to run them. As a result, the services delivered by the bundle of hardware and
software are not likely to equal the sum of the independently computed
service flows for hardware and software. In addition, this interdependence of
the development of new software and hardware is a key determinant of the
effective rate of hardware obsolescence. This is a significant departure from
standard assumptions about capital depreciation. These complexities
seriously tax our standard methods for tracking the additions to capital
services of the hardware/software bundle. 1 am not suggesting an elegant
alternative to our current methods, although I believe this will be an
important area for future research. But | do wish to point out that this
fundamentally complex conceptual problem adds to the uncertainty
surrounding our estimates of capital services and, hence, of structural
productivity growth.

In sum, our near-term estimate of trend productivity growth is 2.5
percent, the same as the Board’s current estimate, although we have
sometimes differed in the past and may in the future. The long-run prognosis
for productivity growth is also good, because it appears that the growth in
multifactor productivity has improved markedly compared to the 1970s. That
said, the difficulties in estimating productivity trends should not be
underestimated. They include inferring recent trend breaks with relatively
few data points, separating “cyclical” from secular fluctuations, making
assumptions about the rate of technological progress going forward, and
measuring capital services for conceptually complex hardware/software
bundles. These difficulties leave plenty of scope for reasonable individuals to
disagree.

Charlie Steindel from the Federal Reserve Bank of New York will
now continue the presentation.

MR. STEINDEL. Thank you. 1’d also like to thank Don and Sandy for
giving me the opportunity to speak today. It seems my job is to talk about a
less optimistic period of productivity performance.

As we all know, productivity growth in the nonfarm business sector was
noticeably slower from 1973 to 1995 than in earlier or later periods. The
transition to slower productivity growth appears to have been gradual. Labor
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productivity growth in the years from 1967 through 1970 was low by the
standards of the postwar period. There was a resurgence in 1971-72, but
1973 saw a drop to the lower numbers that became customary through the
mid-1990s. Table 1 shows measures of productivity for various subperiods
since 1960. We can see that the downshift in productivity growth after 1966
through 1973 was widespread across sectors. Nonfinancial corporate
productivity growth moved in line with the total, though manufacturing
productivity remained rather strong.

Developments in various multifactor productivity measures in the late
1960s and early 1970s were similar to those in labor productivity. Chart 1, on
the next page, shows the annual estimates of multifactor productivity growth
for nonfarm business made by the Bureau of Labor Statistics. There were
several years of negative multifactor growth in the late 1960s and a very brief
1971-72 revival. From our vantage point today, the slowdown in multifactor
productivity growth in the years in the late *60s appears to be a good
indication that the basic productivity trend was beginning to falter. However,
as Dan noted earlier, such estimates of mutifactor productivity depend very
heavily on detailed, definitive data that simply were not available at that time.

Contemporary observers were well aware of the sluggishness in
productivity in the late 1960s, especially in 1969. Nonetheless, there
apparently was a widespread belief that productivity growth would rebound
to the trends of the 1950s and early 1960s. Table 2 pulls statements from
reports of the Council of Economic Advisers from 1967 through 1971. They
continually asserted that the longer-term trend in productivity growth was 2-
1/2 to 3 percent. The transition from the Johnson to the Nixon
Administration only seems to make a difference in the boilerplate language or
where the discussion of productivity was placed in the report; the numbers
were generally the same.

Of course, the inability to detect the shift in the productivity trend was
likely compounded by the exceptional turbulence of the late 1960s and early
1970s. Just to remind everybody, major events included: the Vietnam War,
large swings in federal taxes, substantial expansion of federal regulations and
entitlement programs, the collapse of the Bretton Woods system of fixed
exchange rates and gold prices, a period of widespread wage and price
controls, the first oil shock, and sharp shifts in monetary policy. Given the
disruptions of the day, it is not surprising that low productivity growth was
often dismissed as reflecting short-term disruptions--in 1969, for example, a
shortage of skilled workers often was mentioned as impeding productivity--
rather than the beginnings of a more disturbing long-term trend.

There were a number of developments in the late 1960s and early 1970s,
potentially observable at the time, which could have suggested that the
productivity trend was weakening. First, productivity growth was weak on a
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number of occasions, given the overall state of the economy. Chart 2 shows
the results of a number of rolling regressions I ran of productivity growth on
output growth. These regressions were estimated year by year over samples
ending in the late 1960s; the regressions were moved forward every year--
extrapolating forward a further year and seeing how the forecast compared
with actual productivity. The forecast line is shown in red and the actual
productivity change, Q4 to Q4, is shown in blue. While the errors were
mostly rather modest, we see repeated cases where the projected productivity
growth was greater than actual growth in the late 1960s, and the shortfall in
1969 was rather large. However, as we all know, such regressions are subject
to normal sampling error of some magnitude. In any event, these regressions
were back on track from 1970 to 1972.

Profit trends and equity market developments provide some further
evidence that productivity growth was deteriorating in the late 1960s and
early 1970s. As Chart 3 shows, current-dollar profits of nonfinancial
corporations dropped substantially as a share of sectoral output in this period.
At the time, one might have attributed the decline in the profit share to some
of the special forces then at work, besides of course the recession in 1970:
the upward trend in nominal interest rates, increased pension costs, increased
payroll taxes, intensified foreign competition, and the surge in imported
commodity prices. The recovery in the profit share in the expansion of the
mid- and late 1970s does suggest that there were some unusual short-term
factors--again, aside from the cyclical decline--holding profits down around
1970. However, the longer-term signal provided by the profit slump appears
to have been reinforced by the stock market’s performance.

Chart 4 shows the earnings-price ratio and various measures of real
interest rates. The earnings-price ratio, in black, was little changed on
balance after the mid-1960s before beginning a prolonged uptrend in 1973.
The blue dashed line is the real funds rate, measured as the nominal rate less
the four-quarter change in the core PCE price index. Real interest rates
appear to have peaked around 1966 and drifted down for a few years in the
late 1960s; but they were then quite volatile through the early 1970s before
bottoming out in the middle of that decade. The real 10-year rate, shown in
red and computed on a comparable basis, behaved similarly.

The impression, therefore, is that real rates may have peaked around the
mid-1960s and perhaps started trending down. This impression is reinforced
by the Board staff’s calculations of the equilibrium real rate, which shows a
pronounced decline from the mid-1960s through the mid-1970s. But that
measure of the real rate, which is based on current estimates of the output
gap, was not observable at that time. The relation between the earnings-price
ratio and real interest rates depends on perceptions about the riskiness of the
stock market and expectations of earnings growth. The rise in the earnings-
price ratio relative to real rates in the late 1960s, as a matter of logic, suggests
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that investors either were regarding the stock market as an increasingly risky
investment or were revising downward their estimates of future corporate
earnings. Either adjustment would appear to be consistent with reduced
estimates of the longer-term productivity trend.
In conclusion, the experience of the late 1960s and early 1970s suggests
that productivity trends can indeed change rather unexpectedly, and it shows
the difficulty of detecting such a trend shift while it is occurring. Using our
knowledge of subsequent developments, comparisons of observed
productivity to that predicted by overall activity as well as observations of
profits and the stock market would seem to have provided evidence, available
at the time, that the deterioration of the productivity trend was under way in
the late 1960s. However, an observer of the day, familiar with the long
record of a strong productivity growth trend, may well have overlooked those
signals. In sum, the experience of thirty years ago shows us how hard it is to
detect in real time that the productivity trend is shifting and by how much.
That concludes our presentation, Mr. Chairman.
CHAIRMAN GREENSPAN. That was extraordinarily effective, gentlemen. 1 think
you ought to be pleased that you coordinated so well.
Let me raise a few questions myself. You’ve all raised basic conceptual problems and
I think the major concern that you expressed relates to the fact that the input data are not adjusted
for intensity of use in one form or another. You’re working off the capital stock and you’re using
depreciation as an important component of the weights used to aggregate capital stocks to get at
capital services. You’re all, however, using gross product in constant dollars as measured by
BEA. Yet as we all know, the statistical discrepancy underwent a very dramatic widening over a
protracted period and did not reverse. As a result, real gross income grew significantly faster
than real gross product during the period when productivity growth was accelerating. Many of
the conclusions that come out of this analysis are affected by using product-side data rather than
income-side figures. We know that gross domestic income and gross domestic product are

conceptually identical, so we’re dealing strictly with measurement questions. More importantly,

the weight of the argument is that while the data are possibly marginally superior on the product
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side, that superiority is indeed marginal. Therefore, robust conclusions on issues of this nature, at
least in my judgment, should be those that come out of data from both the income and product
sides and are effectively independent of the types of measures used.

Even if we get beyond that question, there is also the problem of which we are all
aware, namely that implicit in the gross product--and in fact in the gross income--data are some
structural issues. In particular, there are industry productivity estimates or cross-classifications of
industry, such as corporate versus noncorporate, which when you squeeze the data effectively
produce very significant numerical howls, if I may coin an awful metaphor. Our analysis
indicates, as does that of others, actual declines in real output per hour over the past few decades
in significant areas of the economy, such as health services, legal services, and repair services.
However, the gross product originating data in nominal terms in all of these areas are not
particularly out of line, suggesting that we are indeed looking at some very important biases in
the price indices. Of course, the crucial question here is not whether there are biases but whether
the biases are changing. And of that we’re not terribly certain.

The cross-classification by legal form of organization suggests that the locus of the
measurement problem is the noncorporate sector. So, if we look at productivity in the
nonfinancial corporate sector, the growth rate shift we see from the pre-1973 to the post-1973
period is actually significantly less than for the nonfarm business sector. Let’s look at some of
the averages. For example, let’s take 1967 to 1973, which is a strong productivity era, and
compare it to the 1974-1995 period. As you can see on the table shown by Charlie Steindel, the
decline in nonfinancial corporate productivity between those two periods was a lot smaller than it
was for nonfarm business. Indeed, the same is true for manufacturing. The obvious inference

from those data--which, as | indicated, has been confirmed--is that when we disaggregate the
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data, the numbers for the noncorporate sector behave in an entirely noncredible way. Therein lies
the crux of the whole problem and where a number of questions arise with respect to the
robustness of some of the results presented to us today.

In my judgment, it might be useful to rerun this whole exercise using income-side data
and perhaps substitute for some of the unreliable price measures we have in our system. For
example, as we all know, when people analyze select segments of the medical services area,
every study almost invariably shows a long-term deflation of unit medical costs. When we use
aggregate price measures, those costs go up. Indeed, if one tries to infer the movement in the
average price from the nominal gross output per dollar originating in medical services, one gets a
price decline. So, a lot of basic data adjustments are called for, in order to make consistent the
internal data system we’re working with. | think we ought to make those adjustments and then
run through this kind of exercise in order to determine whether or not the results are a function of
the data inputs we are employing. Some of them will be; some of them won’t be. But before we
can stretch our state of knowledge terribly far, I think it’s useful to know what raw material we
have to put in our system. For example, | suspect that if we spent a good deal more time on the
capital input data, we’d come up with a lot more problems than you’re raising, Jeff, or that Dan is
raising as well.

The ultimate question, however, really boils down to how these systems work in
forecasting real GDP. The truth of the matter is that they do pretty well. So you’re concluding in
a sense that the system is not just noise but that there’s something there. Now, the aggregate size
of a lot of these inter-relationships probably didn’t make terribly much difference on the way up
because they were all going in the same direction. They do matter significantly at turning points

or when we’re trying to look at the longer term. So as | see it, there has been extraordinary
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progress in the numbers systems, but some of it makes me a little uneasy--especially that chart,
which, regrettably I think, designates how we projected structural productivity Greenbook by
Greenbook. It ought to be classified “top secret, one eye only”! It doesn’t do well for us. I’'m
not sure that our retrospective view is anywhere near what that set of numbers shows. Anyway,
I’ve said my piece.

MR. STRUCKMEYER. Mr. Chairman, may | respond?

CHAIRMAN GREENSPAN. By all means.

MR. STRUCKMEYER. | have a couple of comments. | personally like Jeff’s last
chart. And rather than viewing this as a vice of the staff’s approach, we think it is a virtue. 1I’d
point to the Okun’s law chart, which is my last exhibit, Chart 5. When we’ve used this approach
over the last year or so, we really haven’t been off too far in our forecasts of the unemployment
rate. Indeed, if we use a gross domestic income concept in Okun’s law, estimated in a very
similar way to the way we’ve done potential output on the product side, Okun’s law fits about the
same as shown in this chart. We haven’t done that recently, but when we’ve done it in the past,
the two methods haven’t diverged greatly. They may diverge at turning points, as you suggest.
That’s something we haven’t looked at but we can do so. At any rate, we think this method has
served us in pretty good stead over the last year in helping us to understand what really has been
going on in the economy and in keeping our inflation and output forecasts on track with those
developments.

CHAIRMAN GREENSPAN. Sandy, let me just ask you this. | vaguely recall that we
used to employ Okun’s law to estimate potential. If you start in that direction and work
backwards, it’s going to generate this particular relationship.

MR. STRUCKMEYER. Well, it is an iterative process. [Laughter]
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CHAIRMAN GREENSPAN. | appreciate your--

MR. SICHEL. Mr. Chairman, let me add one thing on the income-side numbers. In
addition to the material we presented, we have done this analysis using the gross domestic
income data. | can tell you what that would produce for Chart 3, which shows that labor
productivity growth picked up from 1.5 percent in the earlier 1973-95 period to 2.8 percent in
1995-2000 period, for a pickup of 1.3 percentage points. If we rerun that using gross domestic
income, the pickup would be about 0.3 percentage point more. So, as the Chairman said, there
may be some preference for the product side but it wouldn’t be that strong. If one went to the
income side, there would be a bit more of a pickup in multifactor productivity to explain. Indeed,
the Council of Economic Advisers in the way that they do these decompositions in their analysis
will typically average the income side and the product side in looking at the numbers, taking a
very agnostic view as to which is more correct.

MR. STOCKTON. Mr. Chairman, may | make one comment about Jeff’s picture as
well? What Jeff hinted at in his remarks, but it doesn’t actually show in the chart, is that the
techniques that he used--and indeed that we used ourselves before last summer--were techniques
that in a period of improving productivity are going to result in a series of persistent one-sided
errors. That is in fact what we were observing in our own forecasts for a considerable period of
time. So it didn’t seem to us to be a reasonable approach to take as a baseline, given that it
almost certainly would result in that kind of pattern. We recognized, as Sandy said, when we
shifted to our current approach, that by tying our potential output forecast much more closely to
our investment forecast we were going to create a series that would move around a great deal. |
don’t take the up and down movement in our estimates that we’ve seen thus far over the last year

necessarily as a defeat of the basic approach. While proving more variable, like our forecast, it
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may turn out to be less biased than an approach that looks simply at a linear filter of productivity
performance. So I think the jury is still out.

Obviously, we felt in some sense that it was very difficult to present a forecast to the
FOMC time after time in which an investment forecast implied something about the pace of
capital deepening but we then divorced that forecast from our estimates of structural productivity.
That was the concern that led us in the direction of trying to tie those concepts closer together.
What has happened, obviously, is that our investment forecast has been off by a ton over the past
year. We moved to this technique probably just at the time of our peak forecast of investment
and have been revising it down since then. So I think Jeff is entirely fair to present this chart
because it indeed reflects our record. On the other hand, I don’t think it necessarily requires us to
put an “eyes only” over it and never show it to anybody. In fact, | feel quite comfortable
explaining it and defending this pattern of errors to the Committee or to people outside the
Committee as well.

CHAIRMAN GREENSPAN. Well, maybe the problem is that we’re using the term
“productivity” to explain all of this but what you’re explaining is the use of a structural model to
forecast certain internal variables that are the determinants of the level of output in the relatively
short run. The words one uses to explain it probably are not really relevant. In fact, it’s quite
conceivable that what you’re doing is really quite different from what Jeff is doing--that the two
of you are measuring different things. He presumably has a definition of what he means by
structural productivity. Indeed, that’s obviously the case if we listen to what he’s doing and how
he’s calculating it. But you and he are not measuring the same phenomenon. You’re measuring
a different phenomenon. It’s almost as though he has a 10-year moving average and you have a

2-year moving average and you’re struggling to find out why they don’t look the same.
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MR. STOCKTON. I think we recognize that.

MR. FUHRER. There is some of that.

MR. STOCKTON. Also, the kinds of questions one might want to address with these
various analyses are different. | remember President Minehan asking early on in this process
about whether we would use this for a 10-year forecast. We indicated “no,” because we’re
thinking in some sense about a higher frequency notion of what is structural. We tried to adjust
our language to reflect that by using different terminology--talking not about our view of trend
productivity but our view of structural productivity. And in the longer-term simulations that we
present to the Committee, that estimate of structural productivity varies over time, depending on
the longer-term outlook for capital investment or the relative price of capital equipment.

CHAIRMAN GREENSPAN. | might add parenthetically that we often show negative
numbers for multifactor productivity. If we truly mean that as knowledge or some form of
technical capability, the presumption that we forget the wheel or some particular major advance
somehow just doesn’t seem--

MR. STRUCKMEYER. But that number is not just knowledge. It’s knowledge plus
errors and cyclical behavior, too.

CHAIRMAN GREENSPAN. Well, even if you cyclically adjust it, you can still get
negative numbers. | would call it errors plus knowledge rather than the other way around.

MR. FUHRER. At some risk--maybe when the Chairman speaks for me, | should just
keep my mouth shut and leave well enough alone--1 just want to try to clarify one point. And that
is that | don’t think we’re actually as far different in our concept of what productivity is as you
might be suggesting. | would not as an operational matter use simple long-run linear trends to

figure out structural productivity. In fact, the reason | believe that productivity growth
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accelerated over time is precisely because we had sustained bursts of investment that actually did
add capital services because those services embodied new technology. So that concept, I think, is
absolutely right. The question is only about short periods, when we impute productivity surges
that are structural because of investment bursts that may not deliver capital services in the way
that the model says they would. Then there’s some scope for applying judgment to adjust those
estimates, and 1I’m applying judgment a little differently from the way the Board staff is as well.
But I don’t think we’re quite so different in terms of our notion of structural productivity.

CHAIRMAN GREENSPAN. Let me raise one final question, which really gets to the
issue of capital stock. Our capital stock numbers are heavily influenced by decisions about what
spending should be capitalized and what should be expensed or written off. Security analysts
apparently believe that writing off items increases the market value of a firm. What in the world
do we mean by capital stock other than that which produces income in the future or, by
extension, productivity in the future? Therefore, those write-offs are an issue because given the
way that we tabulate capital deepening, we are effectively eliminating from the capital stock a
number of items that are written off. Brynjolfsson, for example, has some huge numbers that he
applies to the capital stock on the grounds that these items are not written off concurrently and
thus do add to the value of the firm at a later date. To be sure, that capital will depreciate fast.
Average depreciation rates will be a lot faster. Nonetheless, if the capital stock is growing and
we never quite catch up, we will get a shift between multifactor productivity and capital
deepening. Obviously labor productivity will be invariant in relation to that. But again, it does
matter for projection purposes. President Broaddus.

MR. BROADDUS. Mr. Chairman, I’d like to offer a couple of comments and then

end with a quick question. | liked these papers very much. | thought they were quite helpful.
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For me at least, the bottom line is that the confidence interval around any current estimate or
projection of structural productivity growth is fairly wide. | can’t say that the papers have
actually narrowed it any. Still, it’s very useful to me to have a sense of how some of these
numbers are constructed, and | appreciate the work.

I might just say, though, that I think it’s worth keeping in mind that this is the first in
presumably a series of discussions of special topics. These are in some sense a substitute for the
discussions we used to have on the money targets. Once we began to deemphasize the money
targets, we usually got into some discussion of the longer-term strategy of monetary policy at
these so-called “Humphrey-Hawkins” meetings. In my judgment that’s a tradition we ought to
keep. In that spirit, I think it’s appropriate to try to draw out of this discussion as best we can the
implications of productivity growth prospects for our longer-run monetary policy strategy. We
should determine the connection between the productivity growth trend and monetary policy as
clearly as we can.

Now, with respect to our monetary policy strategy, we no longer set explicit money
supply targets and we have not as yet adopted any definite substitute for that. But given our
public commitment to long-term price stability, | think most of us have some implicit target
ceiling for inflation that we carry around in the back of our minds--at least | do--and it’s probably
something like 2 percent on the core PCE. So it seems to me that the key question here for the
Committee is: What are the implications of changing trend productivity growth rates for
achieving and maintaining long-term price stability? Actually, it’s interesting that from a longer-
term perspective if we’re targeting inflation--even if it’s an implicit target--in a sense trend
productivity growth doesn’t matter because any trend productivity growth or any sustainable

long-term rate of economic growth is consistent with price stability.
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Knowledge of trend productivity growth is very important, to me at least and | think to
many people, in terms of giving us an estimated range for the equilibrium real funds rate at any
point in time, given whatever situation we face. We’ve talked about this many times before: The
higher the productivity growth rate, and hence the faster the expected growth of future income,
the more businesses and households are going to borrow money to try to bring some of that
expected higher future income forward; and hence the higher the equilibrium real rate needs to be
to make people and business firms be patient and wait until the actual higher income arises. The
staff has been producing estimates of equilibrium real interest rates to be used in formulating our
short-term monetary policy settings. | think that has been useful, and that brings me to my
question. 1’d be interested in the staff ’s estimate of how much the range of equilibrium real rates
has to change in response to a particular increase in trend productivity growth. To be more
specific, do you have estimates over the long run of how much the range of equilibrium real rates
needs to rise when trend productivity growth increases by, say, a percentage point? That seems
to me one of the basic practical questions that we need to answer to help us in conducting
monetary policy.

MR. KOHN. In some of the papers you’ve received over the years, and in the
Bluebook this time, I think there are some hints of that. The model’s estimates of the effect of
trend productivity growth on r*, the real federal funds rate, are more than one-for-one because of
the big effects on demand. The supply effects on equity prices, on expected income, and
expected earnings have a significant impact on demand for consumption and investment. So in
the model, unless it’s changed of late, a 1 percentage point increase in trend productivity growth
gives us an r* that is about 1.3 or 1.4 percentage points higher, and obviously vice versa for a

reduction in productivity growth. This is reflected to a certain extent in Charts 6 and 7 of the
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Bluebook. Those charts simulate higher and lower productivity growth. They don’t extend long
enough in time to give us a true trend. But if you look, for example, at the surge in structural
labor productivity chart, the real funds rate levels out at  4-1/2 percent in “the perfect foresight”
case--the dotted red line. The difference between these is about 1-1/2 percentage points, | guess,
but it doesn’t go to equilibrium. But you can see there that even in a few years the perfect
foresight model takes the real rate up to about 4-1/2 percent whereas the productivity slump case
has the rate at about 4 percent, and | think it would continue to come down. That’s not as much
as the 1 point change, but it gives you some sense of what’s going on. A productivity change
certainly does feed through into effects on r*.

MR. BROADDUS. Thank you.

CHAIRMAN GREENSPAN. President Poole.

MR. POOLE. In thinking about Jeff Fuhrer’s chart with the highly variable structural
productivity, | believe we can make good sense of that if we go back to the growth accounting
equation on Chart 2. In my view the problem here is that we have tended to proceed by thinking
about a potential GDP track, which involves labor force growth--taking account of the
demographics--and some structural labor productivity trend. We then add the two together. But
that can’t really be divorced from the investment outlook, which is the point of the growth
accounting equation. That equation says that productivity, looking at the decomposition of the
growth of output, is tied intimately to the investment outlook. That is even more true today than
it was in the past because of the relatively short duration of so much of the new capital. So our
idea of potential, which comes from adding together trends divorced from the investment
outlook, is really misleading. To me that is the point of emphasizing this concept, and | think

that point is absolutely right. Now, we may not like attaching the word “structural” to it because
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it seems to change too fast, but linking it to the investment outlook I think is absolutely correct.
So what that says about the amount of output that the economy can produce, which is obviously
relevant for monetary policy--and about the amount of inflationary pressure that might result
given the policy that we follow--is that it really is tied very closely to the investment outlook.

As for the multifactor productivity, that’s not just information or the accumulation of
knowledge. It also includes the effects of regulatory change that may damage productivity, such
as laws that affect the entrepreneurial environment. All sorts of public policies are going to show
up in multifactor productivity, which certainly can be negative. 1’m sure many of us believe, for
example, that at times lawyers have damaged the productivity of the society.

CHAIRMAN GREENSPAN. That’s why I question all of these declining output per
hour figures that are implicit in the decomposition of data for medical services and business
services originating in the gross national product. But I’m equivocal on the issue of legal
services. [Laughter]

MR. POOLE. One of the issues for those who try to study productivity on a sector-by-
sector basis lies in the difficulties of identifying inputs and outputs sector by sector. I think
Denison’s position was that one has to go to an aggregate level rather than to try to specify
productivity sector by sector; the latter ends up being a losing game because of the difficulties of
relating one sector to another.

CHAIRMAN GREENSPAN. Well, that’s only partially true because staff here
addressed that question with input-output analysis and found that many of the measurement
anomalies are in industries that primarily sell to final users. | noted earlier, for example, that one

of the problem industries is health services; but the bulk of the output of that industry goes to
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final users. So, conceptually Denison is correct. But as a practical measurement structure--the
way you go about it--when you disaggregate the data, that really tells you something.

MR. POOLE. What I’m getting at is the problem of taking aggregate productivity and
assigning it to sectors. For example, Bob Gordon has argued that it is very difficult to sort out
the productivity of the airlines from that of the aircraft manufacturers because changes in the
quality of the aircraft affect both. Trying to distinguish how much of that is aircraft--

CHAIRMAN GREENSPAN. That argument is accurate when one is looking at the
contribution to the total productivity. But we do learn things about output per hour within sectors
because profitability within a sector does rest on it. Whether or not the productivity in aircraft
manufacturing gives us lower input prices for aircraft services is an interesting notion. But it still
doesn’t give us the check that this disaggregation provides. That’s because if we get the numbers
in our measurements of sector productivity--irrespective of what’s going on elsewhere--that make
no sense internally relative to profit margins within that same sector, for example, that is telling
us that price is very peculiarly measured.

MR. POOLE. Right, it’s telling us that the measures of outputs and inputs are strange.

CHAIRMAN GREENSPAN. No, actually I think that is a different issue than we’re
discussing here about the accuracy of the data.

MR. POOLE. WEell, let me make one other point. | think that perhaps what we need
from this analysis is a sense of the standard errors in this process. How much uncertainty do we
face? Is there some kind of trend or standard investment outlook that would help us to separate
out this uncertainty about the capital accumulation? Then the question would be: Given some
standardized investment outlook, what is the standard error for the labor productivity? What is

the range of uncertainty? | want to ensure that we’re not confounding our uncertainty about the
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capital accumulation process with the uncertainty about the output that comes from a given
amount of capital.

MR. STOCKTON. I think that is a very good suggestion. One would want to know
not only the standard error of the invested capital accumulation but its covariance with the
multifactor productivity as well.

MR. POOLE. I have no idea. No doubt that is a very difficult thing to do, but I'm
trying to distinguish the separate aspects of this problem.

CHAIRMAN GREENSPAN. President Parry.

MR. PARRY. Mr. Chairman, I'd like to ask the authors to comment about the paper
that we all received by John Fernald of the Chicago Federal Reserve Bank. It seems to me that
the inclusion of adjustment costs is theoretically a justifiable inclusion. In terms of that paper, it
certainly results in a decidedly more optimistic view of structural productivity going forward. 1
would like to hear your views regarding Fernald’s estimates and also their implications. | must
admit that Dan Sichel’s comment, when he indicated that in your approach you ignore the cost of
adjusting capital stock, is somewhat unsatisfying to me. | would appreciate your commenting on
the paper by Fernald.

MR. SICHEL. Let me start. Indeed, the standard growth accounting approach doesn't
take account of adjustment costs. The usual argument for that and why it evolved that way is that
originally the approach was used for looking at growth over very long periods--looking at one
twenty-year segment compared to another twenty-year segment. And over such long periods of
time it's presumably a reasonable assumption to say that the economy within that period
converged to an equilibrium and any adjustment costs have worn off. When one takes the

analysis to a higher frequency and starts to look at developments year by year, then indeed the
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possibility that adjustment costs would matter more becomes more important. Certainly in
periods like the early 70s and the late *70s there were large adjustment costs associated with the
oil price shocks that the standard approach doesn't deal with well. Accordingly, the standard
approach was not terribly useful for understanding those periods.

As for the Fernald paper, | found that paper very provocative. | think, as you said, that
theoretically it makes sense to consider adjustment costs, and the framework in Fernald’s paper
seems to be the right one. | believe he did the best job anyone can do in an effort to estimate how
large those adjustment costs are. But it is a very challenging task to parse out how much is
adjustment cost. When a firm is adjusting its capital stock it is difficult to determine how much
involves an adjustment to its desired stock today as compared with how much involves building a
telecom infrastructure, say, that is put in place today but won't become productive for a long
time. That “time to build” phenomenon--or the lag between the investment and when the actual
productive impact is felt--can be difficult to separate from the adjustment costs. So, I think that
paper does the best job that can be done, but the task is very challenging.

MR. PARRY. Well, when you think about how we use structural productivity growth
in terms of policy, it involves a shorter timeframe. And the assumption that I think we are
making--that the adjustment cost is zero--probably is not an optimal assumption.

CHAIRMAN GREENSPAN. Vice Chair.

VICE CHAIRMAN MCDONOUGH. Mr. Chairman, I’m prompted by your unkind
remarks about lawyers to note that it was suggested that the jury is still out on these issues. If
your initial remarks are meant to be the charge to the jury, that jury is going to be out for a long

time! [Laughter]
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Charlie Steindel mentioned and I think in his presentation made clear that when a
major shift in productivity is taking place, it’s very easy not to spot it at the time. That, I believe,
makes it important that we applaud what the Board's staff was doing, even though it gave rise to
that interesting- looking chart. While the staff was struggling with that issue, it was very clear to
the Committee that something was happening that we were having difficulty explaining and we
were searching for an explanation. And since this is not an economics class but rather a central
bank trying to make monetary policy, it's crucial that we know when we’re not sure of something
because then the judgmental factor in making monetary policy becomes even more important. If
you had been giving us the impression that you really understood these productivity issues more
than you actually did at the time, then | think we would have been less aware of the need for
judgment. So | very much applaud what you did. | thought the presentation was excellent and
the work, especially bringing to our attention when you are less certain than you frequently are, is
an important part of helping us make policy.

CHAIRMAN GREENSPAN. President Stern.

MR. STERN. I'm interested in the following issue. It's my impression that we have
not seen this acceleration in trend or structural productivity in any other large industrial economy,
at least so far. If that's true, | think that’s potentially important because that would suggest that
something unique is happening in the United States. I'm certainly inclined to believe that the
U.S. economy is on a new and more favorable productivity track and | would become even more
convinced if I understood why other economies have not joined in that progress. So the question
is: Have you looked at that issue and if so, what can you tell me about it?

MS. JOHNSON. May I refer you to a Bulletin article last October in which members

of the Board’s International Finance Division researched that question on other industrial
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countries? They came to the conclusion that there was no convincing evidence of accelerating
productivity growth in other countries. They offered some conjectures--I hesitate to call them
explanations--

MR. STERN. Yes, | remember the conclusion and several of those conjectures as
well. I guess my question really is: Subsequent to the publication of that article, do we know
anything more that we can say about it?

MS. JOHNSON. The authors of that article continue to update their database and we
look to them for additional work on productivity. But they have not in any sense reached firmer
conclusions.

VICE CHAIRMAN MCDONOUGH. | have a working hypothesis that is essentially
very easy to come up with, Gary. And that is if multifactor productivity depends very much on
the use of information technology in order to make older industries be more efficient, the single
most competitive advantage a country can have, which the United States has, is a flexible labor
force.

MR. STERN. Yes, that's part of my explanation, too. But rather than rely on my own
intuition, I was hoping that we had some more hard and fast evidence of what either has or hasn't
been going on.

VICE CHAIRMAN MCDONOUGH. Yes, but I think it's really a combination of
economics and sociology, since what we’re observing is a society as well as the pure economics
of the situation.

CHAIRMAN GREENSPAN. Yes, we do know that it is far more difficult to
discharge workers in Europe than it is here. That's a legal question, wholly demonstrable, and it

shows up in European unemployment rates. If a significant amount of capital investment is labor
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displacing and a firm is not able to displace labor, then the rate of return on the capital, of
necessity, is less. Hence the inclination to invest is less. Therefore, as you would expect--and
indeed as has been the case--the degree of high-tech investment in Europe is much smaller than
in our country. And if, as we look at the data breakouts we’re examining, either the application
of technology or its production is a crucial part of the productivity acceleration, one would
assume that the labor rigidity issue is all we need to know to explain the difference. That s, |
think, the reason you have in mind.

MR. GRAMLICH. Gary, could I jump in on this point? | went through the article to
which Karen was referring, and I think ideally what one would like to have is a chart like Dan’s
Chart 3 for all the other countries--a chart that just sets out the decomposition of productivity
growth. But as | remember, we can't get a BLS-type breakdown of the capital stock for other
countries. Isn't that right? | think the United States is unique in permitting analysts to do that.
So in a way, until there is much more disaggregated data in these other countries, this issue is
going to have to remain in the domain of speculation.

MS. JOHNSON. It is certainly true that it is a struggle to get data to work with--even
something as basic as hours as opposed to number of employees. In the study our staff used an
approach involving a set of OECD countries, and they used OECD data. So the weakest link, if
you will, is to find the data. It's certainly possible that if we focused our attention on one or two
countries that produce data that they don't all have, we could make some great progress in trying
to see what is going on. But we continue to work on this problem.

CHAIRMAN GREENSPAN. Governor Meyer.

MR. MEYER. I would like to try to draw out from these very interesting discussions

some implications for the near-term forecast. | want to focus on areas where the two approaches-
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-we'll call them the staff approach and the Boston approach--agree and disagree. | take it that the
agreement is that currently structural productivity growth is around 2-1/2 percent and that that
represents an elevated level from the early 1970s to mid-1990s. The question is: Do you agree
on the implication for the outlook--does that reflect an ongoing pace of innovation that is likely to
rekindle the appetite for investment and support some optimism going forward about your
assumption regarding high-tech investment? Is that fair to say?

MR. FUHRER. Yes.

MR. MEYER. Now where you disagree, | take it, is whether or not we believe this
structural productivity growth overshot in some sense and is now reversing. The question is:
How does that matter in your two visions? Let me describe how I think the staff is looking at it,
particularly if equity values and investment respond sharply to the driving force behind the
productivity movements--that is, the changes in the pace of innovation and so forth that motivate
investment and give rise to optimism about earnings. It seems to me that the staff views it this
way: That if the economy adjusts relatively rapidly to that, then that gives us support for
explaining why the economy was as strong as it was earlier. And the reversal has important
implications for the near-term outlook. Do you want to reject that or--

MR. FUHRER. | would be somewhat hesitant to draw very tight links between
anybody's specific estimate of structural productivity and what the stock market did or didn't do
at any point in time. | think a qualitative link is there in that, yes, we in Boston believe that
structural productivity has increased for the reasons you just enumerated and that at some level
it’s sensible for the stock market to price that in. | have no disagreement with that. We are only

disagreeing about how much, whether some of these developments were transitory, and whether
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the stock market should have seen through them, and so on. That's a matter for an academic
debate. But there are lines of your story that | would certainly agree with.

VICE CHAIRMAN MCDONOQUGH. Mr. Stockton, please proceed. [Secretary’s
note: The Chairman had left the room briefly and the Vice Chairman was recognizing the next
speaker.]

MR. STOCKTON. Let me add just one comment to that. With our more variable
estimate, we think that some downward adjustment to structural productivity growth probably
has occurred over the past year and that that has had an effect of lowering the equilibrium real
federal funds rate. For all the reasons that Jeff laid out about our uncertainties and the confidence
intervals around many of these estimates, I certainly don't want to lean too heavily on that reed.
But it is a piece of our analysis.

MR. MEYER. I have a question for Sandy Struckmeyer on the treatment of capital
deepening. You make no attempt to separate out cyclical from structural changes in the case you
presented. You indicated that you don't do so because it's not useful in some sense, not that you
don't do it because it's too difficult or you don't know how to do it. But take the case of
permanent income growth. Couldn’t you argue that households, if they really had perfect
foresight, should look through blips and overshooting in structural productivity due to this kind
of overshooting in capital deepening because it isn't going to be sustained? And, therefore, if you
were really trying to get it right, you would smooth these variations and end up with something
that was more stable.

MR. STRUCKMEYER. There are two parts to that. The first is the investment part,
and we think we've done that correctly. That’s because for a concept of potential output or

structural productivity, we do not want the capital stock that might have been in place had we
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never had a business cycle over the postwar period. That would be such a departure from reality
that it really would not help us to deal with the concepts involved. The adjustment for the
workweek of capital is an issue that we want to study. We recognize that in principle it would be
better if we could adjust for it, but it's very difficult to do so. We have a capacity utilization rate
that presumably could be used as a proxy for the manufacturing sector. But outside of
manufacturing, it is difficult to know how hours worked per week are changing. Utilization of
capital in a lawyer's office, for example, is very, very difficult to come to grips with. We could
take a crack at it, and we will pursue that idea. But I personally am not optimistic that that is
necessarily going to be a critical refinement to our measures of capital services that will
significantly change the patterns that we see in the final results.

CHAIRMAN GREENSPAN. President Jordan.

MR. JORDAN. Thank you. Let me make a couple of observations and then pose a
different type of question about the international dimensions of this. First, on the observations: |
think it is very useful to have these kinds of papers and discussions such as this in light of our
relative ignorance on the subject of productivity. When I look at a time series that we label
“productivity” and reflect on what we know or think we know about output and the other inputs
that produce a result such as this, I wonder what | am supposed to think about it from a
policymaker’s standpoint. But, for example, when | look at Charlie’s Chart 2 and that spike in
1971 and 1972 and the subsequent decline in 1973 and 1974, | recall that a number of things
were going on at the time that I’ve always thought confounded any analysis of that period. In
1972 it was reported at the time--1 don't know what the subsequent revisions showed--that real
output supposedly rose 9 percent that year and the GDP deflator rose 2 percent. The GDP

deflator rose only 2 percent because that's what President Nixon’s wage/price control program
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permitted. Then in the subsequent year the control program came off and the price index rose 9
percent or so, and the effect was that output plunged. I've always felt that we ought to average
those years together if we were trying to draw any conclusions because the data as reported
certainly were affected by the on-again/off-again aspect of price controls. Meanwhile, as that
was going on, we had the oil price shock of *73-’74. I've always believed that those shocks were
better thought of as real wealth losses. They represented a change in international terms of trade;
we moved to a lower production possibility boundary. We all remember the stories about 747s
being grounded, and it had nothing to do with how new those aircraft were. They were
economically obsolete given the input price; their economic life was shortened dramatically quite
irrespective of their physical life and their accounting life. So we got a plunge in output in 1973-
74.

I also remember the mothballed aluminum smelters around 1978-79. Those facilities
were brand new but they weren’t viable any more, given the level of gas prices. | mention that
now, of course, because we’ve had volatility in energy prices and we've had some other rather
odd developments. The State of California by itself is the world's fourth or fifth largest economy
and it is 15 percent of our economy. If it were to continue the same energy policies and produce
no output or a decline in output, except for suggesting that it should secede and not distort our
data, 1 don't know what I should think about that situation in terms of productivity. We haven't
lost technology. We haven't become dumber or anything like that; it's just that the state has an
incompetent governor. So if you have any observations about that, 1I’d like to hear them.

On the international side, as | read these papers, it was easy for me to fall into thinking
about our economy as a closed economy. But I do know--and you mentioned investment--that

we have some very large corporations that invest across the border--in Canada and Mexico and
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even in Taiwan. And | don't know what to think about the pace at which they're transferring
knowledge and technology and how that feeds back into our economy. So to make my question
simple, suppose all innovation--all breakthroughs in technology or creativity or knowledge--
occurred in the United States and that the only way other countries acquired a new product or
knowledge was through our transferring it. How would that come back into our economy--as an
increase in our wealth that would somehow show up in a time series of productivity?

MR. STRUCKMEYER. Were there such an innovation, my supposition is that we
would get a major increase in the rate of return on capital. We would see that reflected in greater
profitability, a larger flow of capital income, and that would be reflected in the capital deepening
numbers that would then boost structural productivity. And over time that would spread to other
countries as we exported those products and as we relocated factories abroad because of relative
wage differentials.

MR. JORDAN. So if we are importing the final product, partial analysis would say
that that's going to enter negatively in our GDP numbers.

MR. STOCKTON. But we are also getting capital income. If you are Intel and your
production facility is located in Taiwan, there is a reflow of income from that capital.

MR. JORDAN. Unless in the time period I'm looking at the exchange translation
effects of that are swamping that reflow of income. Because we have the innovation going on
here, our wealth increases, capital flows in, our currency rises, and we get a lower rate of return
at least for that time period on our foreign capital investment.

MR. GRAMLICH. There would also be a positive price shock that would be exactly
the reverse of the oil shock of the *70s because we'd be getting imports more cheaply.

MR. JORDAN. If our measurement is right and we get the J-curve effects.
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CHAIRMAN GREENSPAN. President Minehan.

MS. MINEHAN. Thank you, Mr. Chairman. 1, too, found this discussion very
interesting. Obviously, | talked with Jeff Fuhrer about these issues beforehand, but the
combination of all three papers and the Chicago paper was quite interesting. | want to reiterate
what Bob Parry said about the adjustment costs because I think that is a fascinating topic and it's
not dissimilar to an issue that Jeff raised at the end of his presentation. What do we know about
how software and hardware work together and when that really becomes effective? One of your
underlying assumptions is that capital is productive immediately. That may or may not be the
case, particularly when we're looking at short-run changes or even two- or three-year changes.

One question | had relates to the period of the spike in the estimates of structural
productivity growth, when we were going through what one might really call a “shock” in terms
of investment spending associated with Y2K. One could arguably say that a lot of the investment
spending, or at least some portion of it, involved replacing equipment and software that was
already in place. The new investment would not do anything differently but would function in a
way that wasn't going to go awry once the calendar changed. And some of the investment
involved brand new items that were also Y2K compliant. Over that period of time, pent-up
demand was also a factor in investment spending, particularly in the first quarter of 2000, when
after everything worked out fine firms could find computer experts--they couldn’t find a
computer person six months before--and finally get something done and buy equipment and so
forth. Has anybody tried to sort out the impact of Y2K-related factors from those big investment
numbers? Do we have any idea what that “shock effect” was?

MR. STRUCKMEYER. Y2K is a very complex phenomenon to analyze. Itis

particularly complicated for the capital services measure because there are two parts to that
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measure. On the one hand, there's the capital stock itself and there are also weights--rental prices
or efficiency weights--that get attached to those various items. Indeed, one would expect to see
the phenomenon you talked about with respect to the capital stock, as firms replaced older
equipment that probably was not as efficient as the new equipment that replaced it. On the other
hand, the flow of capital income that all of this is benchmarked to through the rental price, in the
way the BLS calculates it, was reduced--1 would assert --by Y2K and the remediation efforts
associated with it. People spent lots and lots of time and money and probably reduced profits
relative to where they would have been had there been no Y2K effect. And in the process that
pulled down the rental price in the weights, which can either fully offset or more than offset the
positive benefits obtained from replacing old equipment with new equipment. So | don't think it's
a foregone conclusion, just because old equipment was replaced with new equipment, that in this
setting it necessarily was an enhancement to productivity. When we total up all the pieces, |
think the Y2K effect probably was a negative, although that is extremely difficult to show
empirically.

MS. MINEHAN. That was the thrust of my question.

MR. STRUCKMEYER. We came up with a number of $50 billion for what it cost
corporations to remedy their Y2K concerns in terms of labor and consultants. That number didn't
include the capital. So that would have been taken out of their flow of capital income and would
have been reducing profits and holding down that rental price measure. We don't have a full
accounting for all these factors. | don't think it's clear that Y2K necessarily boosted capital

deepening as measured in this system.
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MS. MINEHAN. That was the reason for my question. | was wondering if we might
actually see a leveling off from the productivity growth number here, as a result of the negative
impacts of Y2K.

MR. JORDAN. May I follow up on that? That answer suggests to me that the way
you think about that event is similar to the way some view the *70s, when we had enormous
capital expenditures--mandated expenditures--on clean air and clean water, but they were not
output-enhancing capital expenditures. Some people at least asserted that the decline in trend
productivity growth at that time occurred because we were producing something, i.e. cleaner air--
or more precisely, not producing dirty air and dirty water--but the associated capital spending
didn't add to what got sold in the marketplace.

MR. STRUCKMEYER. The way BLS constructs these numbers, they are part of the
capital stock from the product side obviously, but there is also a flow of capital income from the
income side. To the extent that those pollution abatement expenditures produced no profits but
actually reduced profits, then that would have been a compensating factor in the BLS numbers. It
would already be in these data, so you would not have to make a separate adjustment for it.

CHAIRMAN GREENSPAN. Further questions? President Moskow.

MR. MOSKOW. Thank you, Mr. Chairman. I, too, want to congratulate the authors
of the papers. | thought they were all very good and | believe it was an excellent idea to have this
as a topic for our session today. | just wanted to make a couple of comments about the so-called
“organizational improvement” portion of multifactor productivity. The paper defined
multifactor productivity as a catchall for technological or organizational improvements. We
often talk about the technological side but we rarely talk about the organizational side, at least in

this forum. Having spent some time in private industry, I think the organizational side is
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extremely important. | know that some research studies have been done on this, but | would
encourage us to do more work in that area. Also, the analysis that we’ve done--going back five
or six years now--at the Chicago Fed about the resurgence in the Midwest economy shows that it
was due largely to the reengineering and restructuring of firms, in part relating to information
technology but by no means solely. A lot of it just resulted from better management--figuring
out how to get things done in a more efficient way.

Also, I think the term “multifactor productivity” is a very difficult one for a non-
economist to understand. 1’ve had conversations about this topic with lay people a number of
times and | personally think that the term “innovation” is a better characterization of what we’re
talking about here. Again, I’m using innovation in a broad sense, not just in terms of technology
but innovation in management and other areas as well. | simply wanted to make that comment
because | found that terminology helpful, at least in my conversations with non-economists.

MR. SICHEL. May I make just a brief comment? There’s a very interesting paper by

Eric Brynjolfsson and Loren Hitt in last fall’s Journal of Economic Perspectives that provides

some very nice evidence on the importance of organizational improvements. Also, on the
adjustment costs point that Presidents Parry and Minehan mentioned, | didn’t mean to suggest

that a zero adjustment is appropriate just because we do it that way. That is only a baseline. It’s
a very simple, transparent framework that people understand. | think, as you suggested, that
adjustment costs are a very important issue, and the work that John Fernald did is an important
first step in thinking about that. It is something that I think we need to continue to focus on.

Hence, the reason | mentioned it as one of the weaknesses of the approach as we implement it.

MR. MOSKOW. Thank you.
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MR. POOLE. I have a question that’s relevant to the measurement of output and
capital. I’ve seen a lot of stories about companies that invested in equipment--last year, let’s say--
that didn’t work out and they are writing that equipment off at ten cents on the dollar or
something like that this year. The equipment is included in last year’s output at 100 cents on the
dollar because that’s when it was produced. What happens to it this year when it gets written
off? How is it treated in the capital stock figures? And how does it affect the national output
figures this year?

MR. STRUCKMEYER. That’s a complex question. I’ll tackle a piece of it. The
equipment got into output when it was produced; it gets into the capital stock, as measured by the
BLS, when a company purchases it. To the extent that it ever yields a profit, that gets into the
income flows from the corporate sector that we will see this year and in all subsequent years.
Had it paid off the way people thought it would, it would have produced a flow of capital
services greater than what you’re actually going to see in the data when they’re finally published
because basically it’ll be in the capital stock. But if it’s written off, it is yielding zero capital
services or it may even be causing losses to the firm, which would be pulling down--

CHAIRMAN GREENSPAN. But it isn’t written off. It’s basically just not producing
profit. The point that President Poole is making is that it’s a problem of abusing the concept of
gross product originating data--using that rather than net data and then having that item of capital
destruction in the depreciation accounts. Maybe we ought to add to it something--say, economic
destruction.

MR. STRUCKMEYER. Yes, economic obsolescence.

CHAIRMAN GREENSPAN. Economic obsolescence.
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MR. POOLE. But the way it is treated in the capital stock data that you use is that it
would be accumulated--sort of a perpetual inventory but depreciated at whatever is the normal
depreciation rate.

MR. STRUCKMEYER. Right.

CHAIRMAN GREENSPAN. It actually ends up as lower multifactor productivity or,
excuse me, innovation.

MR. POOLE. But I gather that the reason for the sharp drop in productivity this year
might have to do in part with the fact that companies are writing off capital--at least some of this
capital is equipment--faster than the depreciation assumptions you have built in. So there’s
capital in your capital stock figures that companies in fact aren’t using. Is that right?

MR. STRUCKMEYER. Yes.

MR. POOLE. So that will show up as reduced productivity from capital.

MR. STRUCKMEYER. Yes.

MR. PARRY. But that capital has been sold and purchased at a lower price and is
yielding a very good yield for those companies that bought it.

MR. POOLE. Well, it depends on the nature of the capital. Those companies might
be getting a yield on it that’s worth 10 cents on the dollar, but it’s being carried as if it’s worth a
lot more than 10 cents on the dollar in the capital stock data that the staff is using.

CHAIRMAN GREENSPAN. Well, | think that’s absolutely right. What you’re
thinking of is what actually appears on the books of the company. The property accounts added
up from the IRS returns will produce a different set of numbers from the capital stock we use

because the former does include write-offs. National income accounts don’t pick that up.



6/26-27/01 49

MR. POOLE. But the point of the question is that some of what we called output last
year-- and it entered our data as 100 cents on the dollar--in fact hasn’t turned out to be useful
because it is being written off this year to 10 cents on the dollar. So in truth we produced less last
year than we thought because part of what we produced turned out to be junk.

MR. MCTEER. We should have called it consumption last year.

MR. POOLE. Or waste or something. That’s my point. Some of this huge spike in
measured productivity is perhaps a consequence of overstating output last year, but some of that
is showing up this year. That’s the way the data system works. Is that right?

MR. GRAMLICH. Just on this point, you already write computer software off in a
four-year period, don’t you? It has a very rapid depreciation.

MR. SICHEL. Three to five years, depending on the type of software.

MR. GRAMLICH. So the point is true, but it’s not going to be with us very long.

MR. POOLE. No, that’s right. But what I’m focusing on is trying to understand the
most recent data and how that bears on our outlook right now. That’s what | was getting at with
my question.

MR. FERGUSON. But, Bill, isn’t part of your point that no capital service is being
gained from this investment and that’s why it ends up looking as though there’s really no
productivity improvement? That’s because there’s no service that gets paid off from this
investment.

MR. POOLE. Or it’s 10 cents on the dollar, right.

MR. FERGUSON. It’s creating an expense.

MR. POOLE. Right.
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MR. FERGUSON. So it’s really a problem of service being generated as opposed to
the accounting concept, which is the definition of service here.

CHAIRMAN GREENSPAN. And it also underestimates the multifactor productivity
number because that’s picked up in the residual. So it can distort the projections. Any other
comments or questions?

MR. MCTEER. 1I’d like to go back to Gary Stern’s question about other countries and
focus on Europe. | realize most of this is about structural productivity rather than total
productivity. What about the idea of “give growth a chance”? During our period of rapidly
increasing productivity monetary policy was fairly easy. We were probably getting ready to
tighten and then the East Asian crisis came along and we didn’t tighten. And then the Russian
situation came along and we actually eased a bit. As I recall, during most of this period Europe
was moving toward the euro and trying to get the Maastricht conditions settled, so their monetary
policies were all rather tight. Then they started trying to improve their credibility. Is it possible
that part of the answer is that monetary policy in Europe has been too tight, particularly recently--
that policy has just not given enough room for their economies to grow?

MS. JOHNSON. 1 think that would be saying that they are misjudging, as it were, how
much growth they could in fact experience and still not get inflationary pressures.

MR. MCTEER. | was thinking that in some sense we accidentally found out what our
economy was capable of doing.

MS. JOHNSON. That is true. | certainly--and many others--have challenged our
European counterparts not to be held hostage to the numbers from the past and to be open to the
concept that their economies could grow more rapidly and not encounter inflationary outcomes

that would be unacceptable at some point. Then along came the oil price increase and the
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weakness in the euro, so that perhaps has clouded the opportunity for them to realize that their
economies actually could grow faster using information technology even if they use it less
completely and less successfully than the United States. So in some sense the jury is still out. If
it turns out that Europe experiences some acceleration in its growth five or six years later than
this country did, part of it will probably be the result of the timing issues. But it’s certainly not
the case that observed inflation is surprisingly lower anywhere in Europe. So the Europeans have
not reached a point where they believe in the capability of their own economies to grow more
rapidly without inflation.

CHAIRMAN GREENSPAN. Okay, why don’t we take a coffee break? Let’s try to
keep it to ten minutes if we can.

[Coffee break]

CHAIRMAN GREENSPAN. Given the availability of these colorful charts and staff

advisors, it appears that we have a Chart Show coming up. Mr. Stockton.

MR. STOCKTON. Thank you, Mr. Chairman. If the Vice Chairman found the
last presentation a refreshing admission of ignorance, wait until he hears this Chart
Show!® [Laughter]

As you know from reading the Greenbook, we continue to believe that the
economy is barely growing at present. Real GDP--the black line in the upper left
panel of your first chart--has decelerated sharply from its rapid pace of early 2000.
That slowdown has been amplified by a substantial inventory correction, but the
growth of real final sales--the red line--also has moved down markedly, on net, in
recent quarters. We have received two important pieces of information since the
forecast was completed last Wednesday--international trade figures for April and,
this morning, a reading on new orders and shipments of capital goods in May; the
implications of these data for our forecast are shown at the right. Revisions in the
trade data point to even weaker growth of real GDP in the first quarter--about 0.8
percent at an annual rate instead of the 1.2 percent we showed in the Greenbook.
This morning’s figures on orders and shipments were in line with our expectations
and leave our estimate of growth in the current quarter at about 2 percent. For the
year as whole, we now expect real GDP to increase 1.4 percent, just a touch lower
than in the Greenbook forecast.

* Copies of the Chart Show materials are appended to this transcript. (Appendix 3)
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With the growth of real output projected to run well below the growth of
potential into next year, the unemployment rate is expected to rise from its current
level of 4-1/2 percent to about 5-1/2 percent next year.

Overall PCE inflation, the black line at the right, is expected to drop from the
2-1/4 percent rate posted last year to about 1-3/4 percent in 2002. That deceleration
largely reflects our anticipation that consumer energy prices will be falling
noticeably in coming quarters. Core price inflation, the red line, basically moves
sideways at just under a 2 percent rate. The deceleration of structural productivity
in the staff projection, discussed by Sandy and Dan, is a source of upward pressure
on price inflation over the projection interval. But the indirect effects of falling
energy prices and the emergence of slack in labor and product markets are expected
to keep a lid on core inflation through 2002.

Clearly, the extent of the weakness in the economy has come as a surprise to
most forecasters. As seen at the lower left, the Blue Chip panel has marked down
its forecast for real GDP growth in 2001 by about a percentage point since January,
while making only a marginal adjustment to their outlook for 2002. Our forecast--
the lower right panel--already was well below the consensus in January, but we too
have revised down a bit further our projection for growth of real output this year.
Like the Blue Chip, we have revised up our forecast for inflation this year, but have
not changed our outlook for 2002.

Your next exhibit highlights the two related influences that have most shaped
the very rocky economic performance that we have experienced since late last year--
inventories and capital goods. Earlier this year, we had expected the sharp cutbacks
in production that began last fall to have largely eliminated most inventory
overhangs by early summer. As you can see in the upper two panels, that has not
happened. Inventory-sales ratios for high-technology products--the left panel--have
soared in recent months, and those in the non-tech sector--the right panel--have, on
net, edged up further. Firms in the aggregate have been liquidating stocks since
about the turn of the year. But virtually all of that liquidation has come in the non-
tech sector. For tech products, inventory accumulation appears to have crested this
spring, but the bulk of the liquidation phase for that sector still lies ahead.

The collapse in investment has certainly weighed on final demand and
contributed to inventory problems. As seen in the middle left panel, orders and
shipments of computers and communications equipment have plummeted in recent
months. And the outlook for investment in other equipment--shown to the right--
has deteriorated as well. Revised data now indicate that orders have been running
well below shipments since the turn of the year, implying order backlogs have been
drawn down. All in all, it’s a very weak picture.

As a result, we now anticipate that industrial production will fall sharply
through the third quarter, and recovery will only take hold early next year as
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inventories are cleared out and demand begins to firm. In the technology equipment
sector--the lower left panel--production is expected to decline into the autumn.
Computers and semiconductors should turn up before the end of this year, but
communications equipment is not expected to post any gains until 2002. Outside of
technology and motor vehicles, we are expecting deep cuts in production to continue
through the summer before output reaches bottom toward year-end. The subsequent
recovery that we are projecting for next year is a weak one by historical standards.

Your next chart highlights a few sectors that have, thus far, prevented the
weakness in capital spending and industrial production from tipping us into outright
recession. Light vehicle sales, shown in the upper left panel, have held up very
well. And reports for early June suggest that the sales pace has not yet slackened
appreciably. To some extent, automakers have been holding up sales through the
use of more generous incentives. Even with some further sweetening of incentives,
we expect the deceleration of income and the weakening of household wealth to
result in some drop-off in coming quarters. As seen to the right, prompt and
aggressive cuts in production succeeded earlier this year in curbing motor vehicle
inventories, but if our sales forecast is correct, further cuts will be necessary in the
second half.

Housing starts--the middle left panel--also have been well maintained this year.
Low mortgage interest rates have largely offset negative income and wealth effects,
and we are projecting residential construction activity to be little changed over the
remainder of the year.

Consumer spending, shown in the panel at the right, has surprised us to the
upside. Still, after a jump early in the year, real spending has been on a shallower
trajectory than was the case over the past few years. Moreover, we think that the
slower pace of spending would have been even more noticeable by the second half
of the year absent the effect of the tax cuts--the blue line in the chart.

While | hate to throw cold water on even these few warm spots in the economy,
it is worth pointing out that these sectors are not likely to provide much upward
momentum to activity in coming quarters. We think motor vehicle production will
be a slight negative, housing will be roughly flat, and consumer spending will be
restrained by fundamentals that are only being offset by the tax cut.

The risks surrounding that outlook are likely to be further tested by the
softening under way in labor markets. As seen in the lower left panel, a four-week
moving average of initial claims for unemployment insurance has marched steadily
higher thus far this year. Accompanying that deterioration has been a sharp slowing
in private payrolls. As seen by the black line at the right, manufacturers and related
firms in wholesale trade and help supply have been shedding workers at a
progressively faster rate since last year. And in recent months, we have seen
evidence that employment increases in private service-producing industries have
stepped down considerably. All told, we anticipate total private payrolls to shrink
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by about 100,000 per month this summer, with a pickup in employment only
occurring early next year.

From this current position of weakness, it looks like a long way to get to the 3-
1/2 percent growth that we have projected for 2002. And, indeed, we expect the
period immediately ahead to be touch and go with respect to whether the economy
can avoid outright declines in aggregate output. Assuming it does, the eventual
cessation of inventory liquidation should provide a boost to production,
employment, and incomes. Moreover, we see two other considerable pluses for the
economy--the stimulus from monetary policy and fiscal policy--the subjects of your
next two charts.

As shown in the upper panel of chart 4, the recent easing of monetary policy
has restored an upward tilt to the yield curve, after last year’s inversion. The
considerable decline over the past year in both long-term and short-term interest
rates should help buoy activity by easing balance sheet strains and lowering the cost
of capital to businesses and households. But other elements of the financial
configuration are not so supportive as interest rates. In equity markets, the price-
earnings ratio, shown in the middle left panel, has generally moved lower over the
past year, even as real interest rates have come down. Moreover, the real exchange
value of the dollar, shown at the right, moved still higher over this period.

The lower left panel reproduces the Bluebook chart that summarizes these
various factors in the form of an estimated range for the equilibrium real federal
funds rate--the shaded area. The actual real funds rate has now fallen below its
historical average and below our estimates of the equilibrium real rate. Of course,
while the actual real funds rate has fallen, so too has the equilibrium rate, suggesting
somewhat less stimulus from the current setting of policy than might be judged from
movements in the funds rate alone. In the panel to the right, we use the FRB/US
model to parse out its estimated 120 basis point decline in the equilibrium funds rate
since the middle of last year. About half the decline reflects increases in the equity
premium and the exchange rate. The other half of the decline largely reflects the
drop in estimated structural productivity growth. While the range of uncertainty
surrounding any of these estimates is large, we do think the analysis suggests that
monetary policy will be a source of stimulus to activity going forward.

The same can be said for fiscal policy, the subject of your next chart. The tax
plan signed by the President was similar in its elements to the one we incorporated
in the May Greenbook, though a bit less generous in the near term and more
generous next year. The key elements are described in the upper left panel. A tax
rebate of $38 billion will be paid out between July and September. A permanent tax
reduction of $3 billion will take place this fiscal year and a $71 billion cut is
scheduled for fiscal 2002.

As | am sure you can appreciate, we had to engage in a process that was as
much art as science as we built into our projection the effects of these cuts in taxes
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on private spending and production. As noted to the right, we made a number of
key assumptions each of which is a gross simplification of a complex reality. We
assumed that for some households consumption tracks cash flow closely, and they
are assumed to spend tax rebates and permanent tax cuts reasonably fully over
several quarters. Other households will spend only a small fraction of their rebate
checks and will adjust spending slowly to their increases in after-tax incomes.
Finally, some of the initial effect of the boost to spending will be absorbed by a
drawdown of inventories.

The effects of the empirical implementation of these assumptions on the level
of real GDP are depicted in the graph at the middle left. The black solid line shows
the effects of the tax cut on inventory investment; the red shaded area shows the
estimated spending effect; and the red solid line shows the total effect on the level of
real GDP. As can be seen, we expect the initial jJump in spending stimulated by the
tax cuts to be partly met in the second half of the year by a drawdown of
inventories. Moving into 2002, the next installment of the permanent cut maintains
the stimulus to spending, and businesses should, all else equal, move to replenish
inventories. Taken together, these influences push up the level of real GDP through
much of next year. The panel to the right simply converts the level effects on GDP
shown at the left into growth rate contributions. As you can see, the effects on the
growth of real GDP are largest in the second half of this year, but they remain
positive through most of 2002.

Government spending also boosts activity over our projection period. Real
federal purchases--the red bars in the lower left panel--are projected to accelerate
this year to a 3 percent annual pace and to increase about 3-1/2 percent in 2002.
Purchases by state and local governments--the dark bars--are expected to be
reasonably well maintained over the projection period. Many of these governments
are now experiencing some revenue shortfalls associated with the slowdown in
activity. However, assuming that there is a pickup in spending and incomes next
year, overall fiscal positions remain strong enough to tide these governments over
during this period without a sharp curtailment of current spending plans.

At this point, we no longer see further substantial fiscal stimulus as a major risk
to our projection. The federal budget surplus is expected to be $185 billion in fiscal
year 2001 and $214 billion in fiscal 2002. But the on-budget portion has dwindled
to between $20 and $40 billion this year and next, and if you take out the Medicare
Hospital Insurance trust fund, the surplus available for spending or tax cuts is just
about gone.

With that, I’ll turn the presentation over to David Wilcox.

MR. WILCOX. As Dave noted, the tax cut has been a key influence on our
thinking about the near-term projection.